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PL-1 

LTP and LTD in Learning and Memory under Physiological 

Conditions and Pathogenesis of Memory Impairments in Brain 

Disorders 

 
Yu Tian Wang 

Faculty of Life and Health Sciences, Shenzhen Institute of Advanced Technology, Chinese 

Academy of Sciences, Shenzhen; and Faculty of Medicine, University of British Columbia, 

Vancouver, Canada 

Abstract: Synaptic plasticity is thought to be a subcellular substrate for learning and 

memory.  The best studied examples of synaptic plasticity are the long-term potentiation (LTP) 

and long-term depression (LTD) of excitatory transmission at the CA1 glutamatergic synapse 

of the hippocampus.  In this presentation, I will discuss: 1) current understanding of the 

molecular mechanisms underlying induction and expression of LTP and LTD; 2) evidence of 

contributions of LTP and LTD in learning and memory under both physiological and 

pathological conditions; and 3) interventions recently developed for LTP and/or LTD, and their 

utilities as research tools to probe the physiological and pathological roles of LTP and/or LTD 

in vitro and in vivo ，  and as potential therapeutics for treating learning and memory 

impairments in animal models of brain disorders.  Specific emphasis will be given on the 

relevant studies from our lab performed over the past two decades.   
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PL-2 

Exploring circuits for innate behaviors 

 

Shumin Duan 
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PL-3 

 

Genetically defined and functional distinct cholinergic 

subnetwork systems  

 

Lu, Youming 

Wuhan Center for Brain Science, Tongji College of Medicine, Huazhong University of Science 

and Technology, Wuhan, China  

 

Abstract: Cholinergic neurons in the medial septum constitute a major source of cholinergic 

input to the forebrain and modulate diverse functions including sensory processing, arousal, 

memory and attention. Most functional studies to date have treated cholinergic neurons as a 

single population. Here, we report a discovery that two molecularly-defined, functional distinct 

subsets of cholinergic neurons; D28K+ versus D28K- neurons in mice, macaca fascicularis and 

humans, display two distinct transcriptional profiles; NRADD, Aifm3 and 27 other genes in 

D28K+ profile versus Gga3, Lrrtm4 and 23 other genes in D28K- profile, exhibit bipolar versus 

multipolar morphologies and show distinct electrophysiological properties. D28K+ and D28K- 

cholinergic neurons play different roles in memory and anxiety-like behaviors and reveal 

different vulnerabilities to Alzheimer’s disease. These results provide a molecular and 

circuitry-based theory for how cholinergic neurons are organized to engage their behavioral 

functions in both the physiological and the disease conditions.  
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Dinggang Shen 

ShanghaiTech University 

Abstract: The increasing availability of brain MRI data, such as those collected from the adult, 

children, infants, and even fetuses, affords unprecedented opportunities for precise charting of 

lifespan brain development and normative/aberrant changes. However, most existing 

neuroimaging analysis tools are mainly developed for adult brains, which are often not suitable 

for analysis of brain images of other ages (such as infants and fetuses) due to dramatic changes 

of tissue contrast, image appearance, and brain geometry. In this talk, a set of our pioneered 

deep-learning-based brain analysis methods will be introduced to quantitative characterization 

of lifespan brain structural and functional changes, including methods for brain skull stripping, 

tissue segmentation, cortical topological correction, surface parcellation, missing data 

estimation and prediction, and longitudinal analysis. Basic and clinical neuroscience 

applications of these methods in advancing our understanding of human brain and brain diseases 

will also be briefed. 
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PL-5 

Brain Inspired Computing for Artificial General Intelligence 

 

Luping Shi 

Tsinghua University 

Abstract: Recently, artificial intelligence has made rapid progress. But even for somethings 

that humans can easily do, existing AI systems encounter difficulties. The ultimate way to solve 

these problems is to develop artificial general intelligence (AGI).  Brain inspired computing 

(BIC) system is one of the most promising technologies to integrate computer science and 

neuroscience to facilitate for the development of AGI. In this talk, three issues will be addressed: 

(1) why do we need BIC system? (2) the current status and recent progress in BIC chips, 

software and systems, (3) how to develop BIC system without a complete understanding of the 

brain mechanisms and how to support AGI development with BIC. The main challenge, 

possible solutions and strategy to develop BIC system to stimulate AGI development will also 

be discussed.  
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PL-6 

Roles of adult newborn neuron-dependent positive memory in 

the pathogenesis and treatment of depression 

 

Bo Lei, Bilin Kang, Yuejun Hao, Wantong Lin, Shiqiang Hu, Zihan Zhai, Menghan Yu, Zhaohui 

Hu, Jinwen Fu, Lianzhang Wang, Yi Zhong 

School of Life Sciences, IDG/McGovern Institute for Brain Research, Tsinghua University, Beijing 

100084, China.  

Tsinghua-Peking Center for Life Sciences, Beijing 100084, China. 

 

Abstract: The cognitive model of depression suggests that emotional dysregulation is 

attributable to negatively biased information processing. However, the underlying biological 

mechanisms remain elusive. The current study reveals that inability to acquire positive memory 

drives expression of depressive-like behaviors in mouse models. We found that acquiring 

negative memories is required for induction while acquiring positive memories antagonizes 

expression of depression-like behaviors. Such opposing roles of hippocampal memories are 

built on differential acquisition mechanisms, as negative-memory acquisition relies mainly on 

activity of mature neurons while positive-memory acquisition on activity of hippocampal adult 

newborn neurons (HANBN). Consistently, HANBN activity is suppressed during memory 

acquisition in depressed mice, leading to inability to form positive memories that, in turn, leaves 

negative memory to drive depressive mood. Thus, reinstalling positive memories, by restoring 

HANBN activity through optogenetics, pharmacologic manipulation or acute exercise coupled 

with positive stimulus, effectively rescues depression-like behaviors. 
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PL-7 

Liquid-liquid Phase Separation in Synapse Formation and 

Function   

 

Mingjie Zhang 

School of Life Sciences, Southern University of Science and Technology 

 

Abstract: Emerging evidence indicates that liquid-liquid phase separation (LLPS), the 

formation of a condensed molecular assembly within another diluted aqueous solution, is a 

means for cells to organize highly condensed biological assemblies with broad functions and 

regulatory properties in different subcellular regions. Thus, LLPS is a new paradigm for cells 

to form various subcellular compartments with distinct functions.  Molecular machineries 

dictating synaptic transmissions in both presynaptic boutons and postsynaptic densities of 

neuronal synapses are such biological condensates. In this talk, I will  review basic features of 

LLPS in biology and reflect our own initial discovery of LLPS in synapses. I will then present 

our recent work showing how phase separation can build dense synaptic molecular clusters, 

highlight unique features of such condensed clusters in the context of synapse formation and 

plasticity, and discuss how aberrant phase-separation-mediated synaptic assembly formation 

may contribute to dysfunctional signaling in psychiatric disorders. 
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Microglial APOE in Alzheimer’s disease Pathogenesis 

 

Hongsheng ZHANG, Na WANG, Lujian CAI, Zhihao LIN, Yingjun ZHAO, Huaxi XU* 

 

Fujian Provincial Key Laboratory of Neurodegenerative Disease and Aging Research, Institute of 

Neuroscience, School of Medicine, Xiamen University, Xiamen 361102, China 

* Correspondence author 

E-mail: hxxu@xmu.edu.cn. 

 

Abstract: Microglia are increasingly implicated in aging and Alzheimer’s disease (AD). Many 

late-onset AD-related genes are microglia-specific. However, the interplay between individual 

microglial AD-related gene remains largely elusive. We established isogenic human ES-derived 

microglia (hMGLs) harboring AD-associated variants in APOE, TREM2, CD33, INPP5D, and 
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SORL1 loci or knockout (KO) by CRISPR/Cas9 gene editing. The hMGLs model provides an 

ideal platform to study microglial contribution in AD pathogenesis with regards to microglial 

function and molecular pathways. AD-like gene expression signatures were observed in hMGLs 

carrying TREM2-R47H and other AD risk variants, while integrative multi-omic analysis of 

combined epigenetic and expression datasets indicated that APOE is a convergent pathogenic 

node. AD-associated TREM2-R47H can enhance APOE expression and impair Aβ uptake in an 

APOE-dependent manner. Xenotransplants of TREM2-R47H hMGLs reduce Aβ 

uptake/clearance in the brain of AD mice. In addition, we characterized the constituents and 

functions of APOE particles secreted from microglia and astrocytes. Our results show that 

microglial and astrocytic APOE particles exhibit different lipidation status, and differentially 

regulate microglial and neuronal functions. Together, our study demonstrates distinct functions 

of glial APOE and provides a new insight into the contribution of microglial APOE to AD 

pathogenesis. 

Keywords: Microglia, APOE, Alzheimer’s disease 
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小胶质细胞、外泌体与神经炎性衰老微环境 

Microglia, exosome and neuroinflammatory aging 

microenvironment  

 

Jialin Charles Zheng 

Tongji University School of Medicine 

 

摘要：小胶质细胞异常激活广泛参与包括脑卒中和阿尔茨海默病（AD）在内的多种急慢

性神经系统疾病发生发展。我们发现脑卒中与 AD动物模型小鼠大脑内小胶质细胞均异常

高表达谷氨酰胺酶（GLS）。GLS 的过表达可激活静息态小胶质细胞，而 GLS 在小胶质

细胞内的条件性敲除和 GLS 小分子抑制剂均可降低小胶质细胞炎症反应、缓解神经损伤、

促进脑卒中和 AD 小鼠大脑功能恢复，表明 GLS 直接参与神经炎症及其相关疾病的发生
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发展。进一步研究发现 GLS 可通过调控细胞代谢水平促进外泌体的释放，介导小胶质细

胞异常激活和细胞因子过度释放，引发神经炎症；阻断 GLS 引起的脑内外泌体异常释放

可有效缓解多种神经疾病的病理表型，提示 GLS 通过调控外泌体的释放与神经炎性微环

境的形成参与神经疾病进展。我们的研究揭示了小胶质细胞 GLS 及其介导的外泌体释放

对脑卒中和 AD等神经炎症相关疾病发病的影响，为开发相关疾病的诊断、治疗与预后新

策略提供理论依据及候选靶标。 

Abstract: Abnormal activation of microglia is widely involved in the pathogenesis of a variety 

of acute and chronic nervous system diseases, including stroke and Alzheimer's disease (AD). 

We found that, in in vitro aging model, microglia transform into pro-inflammatory phenotype 

and release of excessive cytokines, leading to neuroinflammation. Further studies showed that 

the exosomes derived from pro-inflammatory microglia could activate resting microglia, 

suggesting a key role of exosomes in the formation of pro-inflammatory microenvironment. 

Interestingly, we found that the microglia in the stroke and AD animal brains expressed high 

levels of glutaminase (GLS) that could promote the release of exosomes, mediate the activation 

of microglia, enhance excessive release of cytokines, and induce neuroinflammation. In 

addition, GLS inhibitors can effectively block the release of exosomes, reduce the inflammatory 

response of microglia, suppress the formation of pro-inflammatory microenvironment, alleviate 

nerve injury, and promote the recovery of brain function. Overall, our study has revealed the 

important roles of microglia and their exosomes on the pathogenesis of age-related neurological 

disorders and the underlying mechanisms, which provides theoretical basis and candidate 

targets for the development of new strategies for diagnosis, treatment, and prognosis of 

neurological disorders. 
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Astrocytes scavenge microglial corpses and maintain the brain 

homeostasis through a C4b-opsonized non-canonical 

autophagy 
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Bo Peng 

Institute for Translational Brain Research, Fudan University 

 

Abstract: As the professional phagocyte in the central nervous system (CNS), microglia are 

the primary scavenger removing cell corpses. The failure of microglia in debris clearance 

influences the normal CNS function. Meanwhile, microglia undergo turnover during the whole 

lifespan. If dead microglia are not timely removed, accumulated corpses may influence the CNS 

function. The microglial corpse clearance is hereby crucial for CNS homeostasis. However, the 

underlying mechanism remains obscure. In this study, we investigated how microglial corpses 

are removed. We found that microglial corpses are mainly phagocytosed by astrocytes, 

mediated by C4b opsonization. Then engulfed microglial fragments are degraded in astrocytes 

via the RUBICON-dependent LC3-associated phagocytosis (LAP), a form of non-canonical 

autophagy. The interference of the C4b-mediated engulfment and its subsequent LAP disrupt 

the microglial debris removal and degradation, respectively. Together, we elucidated cellular 

and molecular mechanisms of microglial debris removal, extending the knowledge on how the 

CNS homeostasis is maintained. 
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Neuronal regulation of antibody immunity 

 

祁海 

 

清华大学医学院基础医学系 

清华大学免疫学研究所 

北京清华大学医学楼 A107, 100084 
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Abstract: How brain activities may control or modulate immunity is not well understand. In 

this talk, I will present our recent published and unpublished work substantiating a brain-spleen 

axis that promotes antibody immunity. 
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S01-05 

Microglia-astrocyte interaction in neuromyelitis optica 

 

Tingjun Chen, Vanda A. Lennon, Long-Jun Wu 

 

Department of Neurology, Mayo Clinic 

 

Abstract: Neuromyelitis optica (NMO) is a severe inflammatory autoimmune CNS disorder 

triggered by binding of an IgG autoantibody to the aquaporin 4 (AQP4) water channel on 

astrocytes. Activation of cytolytic complement has been implicated as the major effector of 

tissue destruction that secondarily involves myelin. However, cellular and molecular 

mechanisms that precede the cytolytic astrocyte-centered lesion of NMO are largely unknown. 

We investigated early precytolytic events in the evolving pathophysiology of NMO in mice by 

continuously infusing IgG (NMO patient serum–derived or AQP4-specific mouse monoclonal), 

without exogenous complement, into the spinal subarachnoid space. Using this novel mouse 

model of NMO, we found that motor impairment and sublytic NMO-compatible 

immunopathology were IgG dose dependent and AQP4 dependent. By selectively deleting 

microglia, we demonstrated an unanticipated central role for microglia in NMO pathogenesis 

that involves early complement component signaling. In vivo spinal cord imaging revealed a 

striking physical interaction between microglia and astrocytes that required signaling from 

astrocytes by the C3a fragment of their upregulated complement C3 protein. Astrocytes 

remained viable but lost AQP4. Furthermore, despite astrocyte activation and AQP4 

downregulation by NMO-IgG, microglial activation and interaction with astrocytes, and motor 

impairment were attenuated in mice lacking C3aR.  Therefore, previously unappreciated 

crosstalk between astrocytes and microglia involving early-activated CNS-intrinsic 

complement components and microglial C3a receptor signaling appears to be a critical driver 

of the precytolytic phase in the evolving NMO lesion, including initial motor impairment. Our 
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study highlights the role of astrocyte-microglia interaction in NMO and suggests microglia as 

a therapeutic target in the treatment of NMO. 
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Microglia, synaptic dynamics and forgetting 

 

Yan Gu 

Center for Stem cell and Regenerative Medicine, Zhejiang University School of Medicine, 

Hangzhou 310058 China 

 

Abstract: Memories are encoded in engram cells located in different brain regions, while the 

synapses connecting engram cells are believed to be the substrates for memory storage. The 

stability of synapses is key for the long-term storage and retrieval of memory. Whereas, 

synapses are dynamically changing throughout life, such that any change in the dynamics of 

synapses would affect the stability of memories. Microglia are important in regulating the 

dynamics of synapses, thus providing a potential mechanism for the forgetting of memories. In 

the healthy adult hippocampus, microglia retain the function of engulfing synaptic components. 

Depletion of microglia or inhibition of microglial phagocytosis prevents forgetting as well as 

the dissociation of engram cells. Inhibition of complement pathways specifically in engram 

cells blocks the forgetting of remote memory, demonstrating that microglia are able to regulate 

forgetting by eliminating synapses in a complement- and activity-dependent manner. 
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S02: Synaptic Transmission and Plasticity   

09:30 Sep.17   喜悦厅 A 

S02-01 Wenbiao Gan 
In Vivo Studies of Synaptic Plasticity and 
Maintenance 

S02-02 Hyokeun Park 
Distinct dynamics and exocytosis properties of 
GABAergic synaptic vesicles 

S02-03 Changhe Wang 
Synaptotagmin-11 regulates synaptic transmission 
and synaptic plasticity 

S02-04 Jiajia Liu 
Endophilin A1 drives acute structural plasticity of 
dendritic spines in response to Ca2+/calmodulin 

S02-05 Xia Li 
Structural studies of protein organization under 
docked synaptic vesicles by cryo-electron 
tomography 

S02-06 Jianyuan Sun 
Revisiting Katz's Quantal Release Theory by 
Observation of Synaptic Transmission at Single 
Synapse 
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S02-01 

In Vivo Studies of Synaptic Plasticity and Maintenance 

 

Wenbiao Gan 

New York University School of Medicine 

 

Abstract: The mammalian brain not only undergoes rapid synaptic changes critical for 

information encoding, but also is capable of maintaining most synaptic connections important 

for long-term information storage. Dendritic spines are the postsynaptic sites of most excitatory 

synapses in the mammalian brain. In this talk, I will discuss how novel experiences regulate the 

remodeling of dendritic spines, as well as the role of sleep in dendritic spine plasticity and 

maintenance. Because synapses are the key elements for information acquisition and retention, 
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understanding how they are formed and maintained in the living brain provides importan t 

insights into the structural basis of learning and memory.  
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S02-02 

Distinct dynamics and exocytosis properties of GABAergic 

synaptic vesicles  

 

Hyokeun Park 

Hong Kong University of Science and Technology 

 

Abstract: A balance between excitation and inhibition (E/I balance) in neuronal networks is 

essential to maintain proper functions of central nervous system (CNS). Inhibitory synaptic 

transmission plays a crucial role in sustaining E/I balance, mediated by inhibito ry 

neurotransmitters (GABA and glycine) released by exocytosis of inhibitory synaptic vesicles. 

However, dynamics and exocytosis properties of inhibitory synaptic vesicles are poorly 

understood. Moreover, a single-vesicle study of them has been hindered because of practical 

limitations in a specific labeling and imaging of small single synaptic vesicles. Here, we 

specifically labeled single GABAergic synaptic vesicles in cultured rat hippocampal neurons 

by using quantum dots (QDs) conjugated to antibodies against vesicular GABA transporter 

(VGAT) and tracked them in three- dimensions in real time. Each VGAT-QD-labeled 

GABAergic vesicle was tracked until the moment of exocytosis under electrical stimuli and its 

exocytosis was detected through the quenching of QD fluorescence by trypan blue (quencher). 

Comparing their dynamics and exocytosis with those of Syt1-QD-labeled synaptic vesicles, 

which are mostly from excitatory synapses and reported previously, we found that GABAergic 

synaptic vesicles travel a shorter distance before fusion and move more straightly than Syt1-

QD-labeled vesicles, resulting in a shortened fusion latency. Also, it revealed that kiss -and-run 

(K&R) fusion is more prevalent than full-collapse fusion (FCF) among GABAergic synaptic 

vesicles. These results indicate that GABAergic synaptic vesicles contain unique properties in 

their motion and exocytosis and such features may support a rapid and sustainable inhibitory 
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neurotransmission and further a tight balance between inhibition and excitation in neuronal 

networks of the brain. 
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S02-03 

Synaptotagmin-11 regulates synaptic transmission and 

synaptic plasticity 

 

Shaoqin Hu1, Bianbian Wang1, Xuanang Wu1, Cheng Bi1, Jingxiao Huo1, Qian Song1, Huadong 

Xu2, Xinjiang Kang2, Changhe Wang1,2* 

1Neuroscience Research Center, Institute of Mitochondrial Biology and Medicine, Key Laboratory 

of Biomedical Information Engineering of Ministry of Education, School of Life Science and 

Technology and Core Facilities Sharing Platform, Xi’an Jiaotong University, Xi’an 710049, 

China. 2Key Laboratory of Medical Electrophysiology, Ministry of Education of China, 

Collaborative Innovation Center for Prevention and Treatment of Cardiovascular Disease, and 

the Institute of Cardiovascular Research, Southwest Medical University, Luzhou 646000, China.  

*Correspondence: changhewang@xjtu.edu.cn 
 

Abstract: Synaptotagmins (Syts) are well-established primary Ca2+ sensors that initiate 

vesicular exocytosis by forming the fusion machinery with the soluble N-

ethylmaleimidesensitive factor (NSF) attachment protein receptor (SNARE) complex and 

plasma membrane. All Ca2+-binding Syts are capable of binding to phospholipids and SNARE 

complex in a Ca2+-dependent manner that is critical for exocytosis. However, whether and how 

the non-Ca2+-binding Syts function in synaptic transmission and synaptic plasticity remain 

largely unknown. Here, we show that Syt-11, a non-Ca2+-binding Syt implicated in Parkinson’s 

disease and schizophrenia, inhibits synaptic transmission in both presynaptic terminals and 

postsynaptic spines of hippocampal neurons. Furthermore, both short-term facilitation and 

long-term potentiation are augmented in the absence of presynaptic Syt11 but impaired upon 

the ablation of postsynaptic Syt11. Mechanistically, Syt11 functions as a constitutive brake of 

clathrin-mediated endocytosis and bulk endocytosis to restrain the sustained presynaptic 

mailto:changhewang@xjtu.edu.cn
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neurotransmitter release, but inhibits AMPA receptor off-membrane trafficking in post-synapse 

in response to tonic stimuli. In circuitry, either the CA3-restricted or CA1-restricted knockout 

of Syt11 enhanced both short-term and long-term memory. Collectively, we define Syt11 as a 

critical inhibitor for synaptic transmission mainly by inhibiting presynaptic vesicle endocytosis 

and postsynaptic receptor on-and-off membrane trafficking. This work not only extends roles 

of Syt proteins from presynaptic neurotransmitter release to postsynaptic receptor 

internalization but also provides a central role of vesicle recycling in synaptic plast icity shared 

by both pre- and post-synapses. 
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Endophilin A1 drives acute structural plasticity of dendritic 

spines in response to Ca2+/calmodulin 

 

JIA-JIA LIU  

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences 

 

Abstract: Induction of long-term potentiation (LTP) in excitatory neurons triggers a large 

transient increase in the volume of dendritic spines followed by decays to sustained size 

expansion, a process termed structural LTP (sLTP) that contributes to the cellular basis of 

learning and memory. Although mechanisms regulating the early and sustained phases of sLTP 

have been studied intensively, how the acute spine enlargement immediately after LTP 

stimulation is achieved remains elusive. We report that endophilin A1 orchestrates membrane 

dynamics with actin polymerization to initiate spine enlargement in NMDAR-mediated LTP. 

Upon LTP induction, Ca2+/calmodulin enhances binding of endophilin A1 to both membrane 

and p140Cap, a cytoskeletal regulator. Consequently, endophilin A1 rapidly localizes to the 

plasma membrane and recruits p140Cap to promote local actin polymerization, leading to spine 

head expansion. Moreover, its molecular functions in activity-induced rapid spine growth are 

required for LTP and long-term memory. Our study uncovers a novel mechanism for acute 

structural plasticity that is necessary for learning and memory. 
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Abstract: Controlled synchronic release of neurotransmitters stored in synaptic vesicles (SVs) 

is a fundamental process that is central to all information processing in the brain. This relies on 

tight coupling of the SV fusion to action potential-evoked presynaptic Ca2+ influx. The protein 

components involved in the process is known, but the supramolecular architecture and 

underlying mechanisms are unclear. Here, we use correlative light and electron microscopy 

(CLEM), cryo-electron tomography (cryo-ET) and subtomogram averaging (STA) analysis in 

nerve growth factor-differentiated neuroendocrine (PC12) cells and cultured hippocampal 

neurons to delineate the organization of the release machinery under the docked vesicles. Under 

native conditions, we find that vesicles are initially “tethered” to the PM by a variable number 

of protein densities (∼ 10 to 20 nm long) with no discernible organization. In contrast, we 

observe exactly six exocytosis modules, each likely consisting of a single SNAREpin with its 

bound Synaptotagmins, Complexin, and Munc proteins, arranged symmetrically connecting the 

“primed” vesicles to the PM. Mutational analysis suggests that the symmetrical organization is 

templated by circular oligomers of Synaptotagmin. Our data indicate that the fusion machinery 

is likely organized into a highly cooperative framework during the priming process which 
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enables rapid SV fusion and neurotransmitter release following Ca2+ influx. The observed 

arrangement, including its precise radial positioning, is in-line with the recently proposed 

‘buttressed ring hypothesis’.  

 

Keywords: synaptic vesicles; cryoelectron tomography; SNARE protein; vesicle priming 
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Revisiting Katz's Quantal Release Theory by Observation of 

Synaptic Transmission at Single Synapse 

 

Jianyuan Sun 

Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences 

 

Abstract: In their seminal work, Katz and colleagues established the quantal nature of synaptic 

transmission, whereby the basic unit of neurotransmission is the quantal event detected 

postsynaptically as a small all-or-none similar sized miniature postsynaptic potential or current 

(mini), in response to the neurotransmitter release from a single vesicle.  However, the quantal 

nature of minis has never been justified by the study at single synapses, leaving the open 

question whether minis are identical in size and follow the principle of invariance. Here, we 

selectively study the quantal transmission from single active zone contained synapses using 

whole-cell recording and quantitative analysis. It was found that the amplitude of spontaneous 

and evoked miniature events from single synapses displayed large variation and were integer 

multiples of a subunit. Our study suggests the large encoding scope of quantal synaptic 

transmission and the higher capacity of synaptic information processing than that the quantal 

theory implied. 
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Activity in projection neurons from prelimbic cortex to the 
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Abstract: Objective Previous work has shown that the paraventricular nucleus of the 

thalamus (PVT) is an important region that is involved in the conditioned context-induced 

retrieval of morphine withdrawal memory. However, the upstream neural circuits that 

activate the PVT to participate in the conditioned context-induced retrieval of morphine 

withdrawal memory remain unknown. The present study is to explore the upstream neural 

circuits that activate the PVT during the retrieval of morphine withdrawal memory. Methods 

The retrograde labeling method to identify PrL neurons projecting to the PVT (PrL-PVT 

projection neurons) and examined the influence of the conditioned context on the expression 

of c-Fos, a marker of neuronal activation, and Arc, a marker of neuronal plasticity, in these 

projection neurons using immunohistochemistry, and studied the role of these projection 

neurons in the retrieval of morphine withdrawal memory by examining the influence of the 

chemogenetic inactivation of PrL-PVT projection neurons on conditioned place 

aversion(CPA). Results (1) The conditioned context activates projection neurons from the 

prelimbic cortex (PrL) to the PVT, and the inhibition ofPrL-PVT projection neurons inhibits 

the conditioned context-induced retrieval of morphine withdrawal memory;(2) The conditioned 

context induces an increase in Arc expression, intrinsic excitability, and glutamate output 

in PrL-PVT projection neurons in morphine-withdrawn mice. Conclusion The activity of 

PrL-PVT projection neurons is necessary for the retrieval of morphine withdrawal memory, 

and the conditioned context causes a plastic change in the activity in these projection neurons 

during the withdrawal memory retrieval. 

 

Keywords: the paraventricular nucleus of the thalamus; prelimbic cortex; morphine 

withdrawal memory; the apamin-sensitive ISK currents 
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Abstract: Exposure to drugs of abuse induces alterations of dendritic spine morphology and 

density that has been proposed to be a cellular basis of long-lasting addictive memory and 

heavily depend on remodeling of its underlying actin cytoskeleton by the actin cytoskeleton 

regulators. However, the actin cytoskeleton regulators involved and the specific mechanisms 

whereby drugs of abuse alter their expression or function are largely unknown. Twinfilin (Twf1) 

is a highly conserved actin-depolymerizing factor that regulates actin dynamics in organisms 

from yeast to mammals. Despite abundant expression of Twf1 in mammalian brain, little is 

known about its importance for brain functions such as experience-dependent synaptic and 

behavioral plasticity. Here we show that conditioned morphine withdrawal (CMW)-induced 

synaptic structure and behavior plasticity depends on downregulation of Twf1 in the amygdala 

of rats. Genetically manipulating Twf1 expression in the amygdala bidirectionally regulates 

CMW-induced changes in actin polymerization, spine density and behavior. We further 

demonstrate that downregulation of Twf1 is due to upregulation of miR101a expression via a 

previously unrecognized mechanism involving CMW-induced increases in miR101a nuclear 

processing via phosphorylation of MeCP2 at Ser421. Our findings establish the importance of 

Twf1 in regulating opioid-induced synaptic and behavioral plasticity and demonstrate its value 

as a potential therapeutic target for the treatment of opioid addiction. 
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Orchestrating Opiate-Associated Memories in Thalamic 

Circuits 

 

Yingjie Zhu 

Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences 

 

Abstract: Disrupting memories that associate environmental cues with drug experiences holds 

promise for treating addiction. Yet accessing the distributed neural network that stores such 

memories is challenging.  Here we establish the paraventricular nucleus of the thalamus (PVT) 

as a key node in the network for orchestrating opioid-associated memories. Activity in the 

PVT→central nucleus of the amygdala pathway bidirectionally regulates the formation of 

morphine-conditioned place preference (CPP).  Whereas transient silencing of the 

PVT→nucleus accumbens (NAc) pathway during retrieval causes long lasting protection 

against opioid-primed relapse.  Using brain wide activity mapping, we revealed the distributed 

memory traces that are altered in these non-relapsing mice, which lead to the discovery that 

activation of the NAc→lateral hypothalamus (LH) pathway also robustly prevent relapse.   Our 

findings demonstrate the PVT→NAc→LH pathway is a promising target for treating opioid 

addiction, and present a powerful approach for mapping brain wide memory engrams.  
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Inhibitory inputs of ventral tegmental area promote the 

formation of opiate-withdrawal memory 
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Abstract: Drug dependence has been hypothesized to be driven by two relatively independent 

systems: the downregulation of the reward system (DA function) in the VTA that leads to 

anhedonia, and the upregulation of the stress system that leads to stress disorders. Here, we 

used the enhanced synaptic plasticity-driven systems to label the VTA ensembles response to 

opiate. We found that GABAergic inputs to these ensembles were enhanced during opiate 

withdrawal. Restoring the activity of these ensembles alleviated the negative affect triggered 

by opiate withdrawal. The potential role of CRF in remodeling the inhibitory inputs of these 

ensembles was also assessed. Our results highlight the importance of the functional circuit 

which desensitizes the reward threshold and drives the negative reinforcement via  enhanced 

GABAergic transmission in the ensembles encoding opiate reward experience.  
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The Paradigms to Erase Addiction Memories 

 

XUE Yan-Xue  
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Abstract: The theory of memory reconsolidation and updating suggests that conditioned 

stimulus (CS) can induce memory to enter a state of reconsolidation and updating, and this 

hypothesis provides an opportunity to eliminate pathological memory. In the previous work of 

our group, based on the theory of memory updating, we proposed the behavioral paradigm of 

"conditioned stimulus retrieval-extinction" for the erasure of pathological memory, namely, 

exposing the subjects to environmental cues (CS retrieval) before conducting extinction training. 

In multiple animal models of addiction and human individuals with heroin addiction, we 

observed that this paradigm can sustainably reduce drug craving. According to the basic 

principle that an unconditioned stimulus (US) can form an associated memory with multiple 
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CSs, our group recently proposed a new theoretical strategy: a targeted intervention for the US-

induced memory reconsolidation process. Unlike traditional theoretical strategies, multiple 

drug memory traces were destabilized by memory activation via US rather than CS before 

pharmacological and non-pharmacological interventions, and it was found that in animal 

models of cocaine addiction, extinction training following US memory retrieval was able to 

inhibit all memory cue-induced drug-seeking behaviors, suggesting that this paradigm can 

eliminate drug memories thoroughly. Our group has also translated the targeted intervention 

for US-induced memory reconsolidation process to addicted patients. It was found that in 

smokers, US memory retrieval with a small dose of nicotine followed by adrenergic receptor 

blocker, propranolol, was able to disrupt all nicotine-associated memories, including newly 

acquired nicotine drug memories and memories that had been formed for years, and reduce drug 

craving induced by multiple smoking-related cues (e.g., lighters). These studies deepen the 

understanding of pathological memory and provide new evidence for clinical translation based 

on memory updating theory and memory editing strategies. 
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Abstract: Neuromodulation represents the opportunity to target specific brain region and/or 

manipulate its functioning with physical approaches. The recent advances in the field facilitated 

our understanding in neural mechanisms of drug addiction (e.g. verification of drug-evoked 

synaptic plasticity theory), promoted the translational application from preclinical studies (e.g. 
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optogenetic inspired brain stimulation), and allowed multimodal treatments for drug addiction 

(e.g. physical with concurrent psychological approaches).  
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利用基因编辑大动物模型研究脑疾病 

 

李晓江 
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摘要：转基因动物模型已被广泛用于研究与衰老有关的神经退行性疾病的发病机理，例

如老年痴呆（AD），帕金森（PD），亨廷顿（HD）疾病和肌萎缩性侧索硬化症

（ALS）。这些疾病的共同特征是错误折叠的蛋白质随衰老在脑组织中累积，并在各种

神经退行性疾病的小鼠模型表规出来。但是，AD，PD 和 HD 的转基因小鼠模型的大脑没
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有显示出明显的神经元丢失或变性，与患者大脑中的典型病理特征有所不同。小动物和

人类之间的物种差异及衰老过程中的不同机制可能是转基因小鼠模型和患者大脑中病理

差异的原因。使用 CRISPR / Cas9 修饰大型动物（猪和猴子）的内源性疾病基因，我们证

明了大型动物的大脑可以更好地模仿病人脑中的典型的神经病理学特征。这些发现强调

了使用大型哺乳动物研究与衰老有关的重要脑疾病的病理机制及治疗方法的重要性。 
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Abstract：  Monogenic neurological disorders (MNDs) cover a broad spectrum of brain 

syndromes that totally affect hundreds of millions of people worldwide. The brain damages of 

MNDs, occur either as developmental disorders in children (e.g. fragile X syndrome, 

Huntington’s disease, or monogenic autism) or neurodegenerative deficiency in aged 

population (e.g. some forms of Parkinson’s disease or amyotrophic lateral sclerosis) . On a 

structural level, the manifestations of MNDs range from microcircuit impairment to nuclei 

degeneration or even vast brain atrophy and result in neurological problems including cognitive 

decline, motor deficits, and psychiatric dysfunction. We will discuss selected examples using 

different animal models to address the underlying pathogenic mechanisms of MNDs, especially 

CDKL5-deficiency syndrome, Angelman syndrome and primary familial brain calcification. 
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We will also talk about the employment of animal models in potential strategies for the 

discovery of novel biomarkers and targeted therapies from a translational perspective. 

 

Back to top ↑ 

 

 

S04-03 
 

Identification and Purification of Human Mesencephalic 

Dopaminergic Progenitors for Predictable Cell therapy in 

Parkinson’s Disease 

 

Yuejun Chen 

Center for Excellence in Brain Science and Intelligence Technology 

 

Abstract: Human pluripotent stem cells (hPSCs)-based replacement therapy for treating 

Parkinson’s disease (PD) is entering clinical trials among countries. However, hPSC -derived 

donor cells are highly heterogeneous, and generation of characterized cell products to ensure 

predictable therapeutic outcomes remains a major challenge. By using time-course single-cell 

RNA sequencing (scRNA-seq), we resolved the temporal dynamics of midbrain dopamine 

neuron differentiation from hPSCs, the process of which resembles the ontogeny of endogenous 

mDA neurons. Importantly, we identified novel surface markers of mDA progenitors, which 

correlate with mDA neuron yield after transplantation in vivo and facilitated up to 80% 

enrichment of mDA neurons following FACS sorting and transplantation. scRNA-seq and 

histological analysis reveal constant cellular composition of the grafts among different marker -

sorted groups, with mDA neurons enriched and other cell types defined. Furthermore, mDA 

progenitors isolated on these markers are capable of integration into the host brain and 

correction of motor deficits in PD mice. These results suggest that graft outcomes using marker-

sorted mDA progenitors is stable and predictable in terms of functionality and cellular 

composition, highlighting potential application of these markers for quality control and 

enrichment of mDA progenitors in clinical PD cell replacement therapy.  
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Synthetic Biology: new challenges and opportunities for 

neurobiology 

 

Qing Xia 
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Abstract: Synthetic biology holds great potential for biomedical engineering, yet is limited to 

accessing a relatively small area of neuroscience space. By interfacing this new technology 

with the versatility and scope of neurobiology engineering, the best of both worlds can be 

harnessed to drive new biotechnology innovation machine. 

Nonsense mutations with premature termination codons (PTCs) account for approximately 11% 

of monogenic diseases. Reading through PTCs by unnatural amino acid (UAA) incorporation 

systems could generate full-length proteins with minimal loss of function, which represents a 

promising therapeutic approach for nonsense mutation diseases. Here, we engineered a 

pyrrolysyl tRNA synthetase-tRNAPyl UUA (PylRS-tRNAPyl UUA) system and tested its 

potential in suppressing nonsense mutation in dystrophin (DMD gene), which could cause 

Duchenne muscular dystrophy (DMD). With this system, we partially restored the dystrophin 

expression in differentiated primary myoblasts derived from a mdx mouse and a DMD patient. 

To investigate the therapeutic potential in vivo, we constructed trans/mdx mice by crossing the 

PylRS-tRNAPyl UUA transgenic mice with mdx mice. Subsequent UAA administration could 

restore the dystrophin expression and muscle function in trans/mdx mice. Delivered by adeno-

associated virus (AAV), the system also worked similarly in mdx mice. In summary, our results 

demonstrated the feasibility of using UAA incorporation systems to restore endogenous protein 

expression and provided a promising intervention to supplement current strategies for human 

monogenic nonsense mutation diseases. 
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mRNA based in vivo gene editing for treating ocular diseases 

 

Yujia Cai 

Shanghai Jiao Tong University 

 

Abstract: Herpes simplex virus type 1 (HSV-1) is a leading cause of infectious blindness. 

Current treatments for HSV-1 do not eliminate the virus from the site of infection or latent 

reservoirs in the trigeminal ganglia. Here, we target HSV-1 genomes directly using mRNA-

carrying lentiviral particles that simultaneously deliver SpCas9 mRNA and viral-gene-targeting 

guide RNAs (designated HSV-1-erasing lentiviral particles, termed HELP). We show that 

HELP efficiently blocks HSV-1 replication and the occurrence of herpetic stromal keratitis 

(HSK) in three different infection models. HELP was capable of eliminating the viral re servoir 

via retrograde transport from corneas to trigeminal ganglia. Additionally, HELP inhibited viral 

replication in human-derived corneas without causing off-target effects, as determined by 

whole-genome sequencing. These results support the potential clinical utility of HELP for 

treating refractory HSK. 
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Accelerate the translational research from bench to clinic   

 

Guodong Jia 
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Abstract： When investigators moving the discovery gained from the basic sciences to its 

applications in clinical, the majority of translational neuroscience research concentrates on the 

phase of proof-of-concept. However, merely of the researchers consider the druggablities and 
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pressures from the regulatory authorities before formulating an advanced therapy for 

neurological disease. A commercial advanced therapy requires approximately 7 to 10 years to 

transition from preclinical investigation to commercialization after the proof-of-concept studies. 

The therapy developer could submit an investigational new drug application to the regulatory 

authority with the data gathered from the process and formulation development, stability studies, 

and animal studies in the preclinical investigation. With approval, the therapy manufactured 

under GMP protocols would be allowed to test in well-designed clinical trials in different 

phases for verification of safety and efficacy. Only with convincing trial results and a well -

controlled manufacturing process could an advanced therapy win approval from the regulatory 

authority and eventually enter the market. Any negligence during the lengthy application 

journey can postpone the commercialization of the therapy, which in turn would eventually 

deteriorate the benefits for the patients. From the view inside of the biopharmaceutical industry, 

the speaker will briefly discuss the challenges and risks for the therapy developer in multiple 

stages when transitioning the therapy from the preclinical investigation to commercialization, 

such as the process development, investigation new drug application, clinical trial design, and 

GMP manufacturing, as well as helping the translational researcher to bypass these risks, 

accelerating the translation research process from bench to clinic.  
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脑发育及疾病调控机理研究 
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Abstract: The mammalian brain contains millions of neurons and glial cells. Normal cerebral 

brain development plays an important role in controlling behavior, learning and cognition. 

During neurogenesis, neural progenitor cells (NPCs) proliferate and differentiate into neurons 

of cortical layers, which are precisely controlled by various intracellular and extracellular 

signaling pathways. NPCs of the brain are mainly PAX6-positive apical progenitor cells and 

TBR2-positive basal progenitor cells. Although more and more molecules are reported involved 
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in the proliferation of progenitor cells, how neurogenesis is regulated by epigenetic factors 

during the embryonic development of the cerebral cortex remains largely to be investigated. 

Here, we found a series of epigenetic molecules and modifications are essential for the 

proliferation and self-renewal of neural stem cells. 
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Control of neurogenesis during cortical development 

 

Chunjie Zhao 
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Abstract: The mammalian cortex is a highly organized laminar structure. A fundamental 

feature during cortical development is the precisely controlled temporal production of 

excitatory projection neurons. Radial glial cells (RGCs) that reside in the ventricular zone (VZ) 

divide symmetrically to expand the progenitor pool during early/middle neurogenesis and then 

shift to asymmetric division to initiate neurogenesis. Balancing RGC proliferation and 

differentiation is critical for establishing the progenitor pool, determining neuronal output and 

subsequently confining the size/morphology of the cortex. Too little or too much proliferation 

and abnormal differentiation are closely related to a variety of neurodevelopmental disorders . 

However, the mechanisms underlying the coordination between RGC proliferation and 

differentiation are not fully understood.  

 

We have identified a new role for Phosphoinositide-dependent protein kinase-1 (PDK1), a 

member of the cAMP-dependent, cGMP-dependent and protein kinase C (AGC) kinase family, 

in controlling the transition period of RGCs to IPCs. The ablation of Pdk1 leads to a delayed 

transition of RGCs to IPCs and subsequently results in an increased deeper-layer output 

accompanied with a delayed upper-layer production. We demonstrate that PDK1 controls the 

orientation of dividing planes during asymmetric division through Notch signaling and the 
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aPKC-Par3 complex. We further have found Pdk1 disruption in the developing cortex resulted 

in a shortened G1 phase at late-neurogenic stages. PDK1 also regulates the lengthening of the 

G1 phase through the Myc-cyclin D1 signaling pathway. Our findings provide new insights into 

the mechanisms underlying the balance between cell proliferation and cortical neurogenesis. 
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ABHD6 enhances AMPA receptor endocytosis at rest and 

during plasticity 

 

Chen Zhang 

Southeast University 

Abstract: The membrane removal of AMPA ( α -amino-3-hydroxy-5-methyl-4-isoxazole 

propionic acid) receptors (AMPARs), the counteract part of membrane insertion of AMPARs, 

provides the basis for the neurons to maintain the tuning capabilities at rest or activity. The 

molecular mechanisms underlying AMPAR endocytosis are still being investigated. Here we 

characterize the ABHD6, which is reported to exist in the endogenous AMPAR complex, in the 

hippocampal neurons. Our results showed that genetic deletion of ABHD6 increases the 

AMPAR, but not NMDAR-mediated synaptic responses in both acute slices and cultured 

neurons. The long-term depression, but not potentiation, is reduced in the CA3-CA1 synapses 

in hippocampal slices. Imaging analysis revealed that activation of ABHD6 in controlling the 

endocytosis of AMPAR at rest or biochemical analysis of the AMPAR protein in the KO 

neurons reveals a shift of AMPAR from the ER to the plasma membranes. Furthermore, we 

tested the role of ABHD6 in homeostatic plasticity and found that ABHD6 plays an essential 

role in synaptic scaling down. Finally, ABHD6 KO mice show behavioral abnormalities in 

reversal learning tests. Our findings provide evidence for a molecular mechanism in which 

ABHD6 drives AMPA receptor endocytosis. 
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Investigating the pathogenesis of bipolar disorder 

 

Jun Yao 

Tsinghua University 

 

Abstract: Bipolar disorder (BD) is a complex neuropsychiatric disorder characterized by 

intermittent manic and depressive episodes. Although a lot of susceptible genes have been 

identified by clinical research, animal models based on these genes often failed to show the 

hallmark symptom of mood swings shown by the patients. Hence, the mechanism underlying 

the pathogenesis of BD has remained enigmatic. As the neurons derived from the induced 

pluripotent stem cells (iPSCs) of the patients are believed to carry the natural genetic 

deficiencies of the neuropsychiatric disorders, the iPSC model has been applied in recent years 

to study the etiology of BD. However, the iPSC model has its own limitation, mainly in that it 

is an in vitro platform and the iPSC-based findings need to be verified in animals to determine 

whether they are important for the pathogenesis. In the past years, we have been combining the 

iPSC and mouse models to investigate BD. I will introduce our recent findings in the 

pathogenesis of BD. 
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Abstract: The development of the cerebellum depends on intricate processes of neurogenesis, 

migration, and differentiation of neural stem cells (NSCs) and progenitor cells. O-GlcNAc 

transferase (OGT) regulates multiple cellular processes through the addition of the O-GlcNAc 

modification to thousands of its substrates. Although OGT is highly enriched in the central 

nervous system including cerebellum, so far little is known about its importance in the 

development of the cerebellum. Here, we show that OGT is essential for cerebellar development 

in a cell type-specific manner. Selective deletion of OGT in mouse NSCs or granule neuron 

progenitors (GNPs), causes severe defects in cerebellar morphogenesis, including impaired 

folia and fissure formation. These effects are observed early in postnatal development and 

progress as animals age. Cultured GNPs lacking OGT also exhibit significantly decreased 

proliferation. RNA-sequencing results indicated that Shh signaling was dramatically 

downregulated in OGT knockout GNPs. We also identified that Shh signaling transcriptional 

factors Gli1 and Gli2 are both highly O-GlcNAcylated during cerebellar development. 

Moreover, disruption of the O-GlcNAcylation of Gli2 significantly inhibits its transcriptional 

activities as well as the proliferation of GNPs. Together, these results reveal a previously 

unknown role of OGT in controlling cerebellar development by tuning Shh signaling activation. 
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Abstract: Suicidal major depression (sMDD) poses a substantial burden to both personal and 

public health. Dysfunction of GABA interneurons has been observed in studies on postmortem 

tissue from patients with sMDD. However, there is no effective research model for studying 

the etiology of sMDD. In the current study, we generated induced pluripotent stem cell (iPSC) 

lines from MDD patients who had committed suicide, and differentiated GABA interneurons 

(GINs) from both patient and control (CTRL) iPSCs. sMDD GINs exhibited altered 

differentiation ratios of calbindin (CB) and calretinin (CR), abnormal neuronal morphology and 

electrophysiological activities, as well as decreased calcium signaling, in contrast to CTRL 

GINs. Using single-cell sequences and bulk cell sequences, we found that the expression of the 

serotoninergic receptor 2C subtype (5-HT2C) was decreased in sMDD GINs. Furthermore, 

three FDA-approved small molecules were tested against 5-HT2C, and trazodone hydrochloride 

(Trzd) could restore the defects in sMDD GINs. Our findings provide a human model for 

studying the molecular mechanisms and drug targets for sMDD. 
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Systemic regulation of brain function 

 
Tony Wyss-Coray 

Stanford University 

 

Abstract: Brain aging leads to cognitive decline and is the main risk factor for sporadic forms 

of neurodegenerative diseases including Alzheimer’s disease. While bra in cell- and tissue-

intrinsic factors are likely key determinants of the aging process recent studies document a 

remarkable susceptibility of the brain to circulatory factors. Thus, blood borne factors from 

young mice or humans are sufficient to slow aspects of brain aging and improve cognitive 

function in old mice and, vice versa, factors from old mice are detrimental for young mice and 

impair cognition. In trying to understand the molecular basis of these observations we found 

evidence that the cerebrovasculature is an important target and that brain endothelial cells show 

prominent age-related transcriptional changes in response to plasma. We discovered that plasma 

proteins are taken up broadly into the brain and that this process various between individual 

endothelial cells and with aging. We are exploring the relevance of these findings for 

neurodegeneration and potential applications towards therapies. 

 

 

Back to top ↑ 

 

 



The 14th Annual Meeting of Chinese Neuroscience Society 

S06-02 

Neutrophil NETs and cerebrovascular dysfunction after 

cerebral ischemia 

 

Bingqiao Zhao 

Institutes of Brain Science, Fudan University 

 

Abstract: Neovascularization and vascular remodeling are functionally important for brain 

repair after stroke. Here, we show that neutrophils accumulate in the peri-infarct cortex during 

all stages of ischemic stroke. Neutrophils producing intravascular and intraparenchymal 

neutrophil extracellular traps (NETs) peak at 3-5 days. Neutrophil depletion reduces blood-

brain barrier (BBB) breakdown and enhances neovascularization at 14 days. Peptidylarginine 

deiminase 4 (PAD4), an enzyme essential for NET formation, is upregulated in peri-ischemic 

brains. Overexpression of PAD4 induces an increase in NET formation that is accompanied by 

reduced neovascularization and increased BBB damage. Disruption of NETs by DNase 1 and 

inhibition of NET formation by genetic ablation or pharmacologic inhibition of PAD increases  

neovascularization and vascular repair and improves functional recovery. Furthermore, PAD 

inhibition reduces stroke-induced STING-mediated production of IFN-β, and STING 

knockdown and IFN receptor-neutralizing antibody treatment reduces BBB breakdown and 

increases vascular plasticity. Using a mouse model of thrombotic MCAO, we show that tPA 

treatment in mice with thrombotic stroke increases NET formation. These NETs are associated 

with increased loss of cerebrovascular integrity, amplified BBB damage and increased cerebral 

hemorrhage in tPA-treated mice after stroke, all of which could be attenuated by clearing NETs 

with DNase 1 or inhibiting NET production by PAD4 deficiency. We have further identified 

neutrophil NETs-induced activation of the cGAS-STING pathway in microglia cells and 

production of IFN-β participate in NETs-mediated effects on tPA-associated cerebrovascular 

complications in stroke. Collectively, these findings indicate that NETs impair vascular 

remodeling and promote tPA-associated BBB breakdown and cerebral hemorrhage after 

ischemic stroke (Nat Commun. 2020; Blood. 2021, In Press). 
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Mechanisms and early diagnosis of age-related cognitive 

impairment 

 

Yun Xu 
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Abstract: The aging of the population and cognitive impairment show an obvious positive 

correlation. In addition to age, hypertension, diabetes and other vascular risk factors also play 

an important role. As the mechanism is not clear, there is still a lack of effective early diagnosis 

and treatment methods in clinical practice. First, we discovered some genes from mouse aging 

models through spatial transcriptome, and further verified patients with age-related cognitive 

impairment, such as C16orf95, ECHDC3, MN1, NID2, SALL1, VCAN, KCNK2, etc. We also 

found higher exosomes miRNA miRNA-107, miRNA-191-3p, miRNA-223-3p, miRNA-330-

3p, miRNA-339-3p, miRNA-432-5p, miRNA-625-3p, miRNA-671-3p, miRNA-7641. Second, 

some of them destroy the myelin sheath through different mechanisms. Finally, based on the 

above research foundation, we can early predict age-related cognitive impairment by combining 

structural and functional MRI. 
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Study on Cognitive impairment in diabetic mice (KKay) and 

ultrastructural changes of cerebral blood vessels and glial cells 

 

Xiaoliang Wang 
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摘要：KKay 是常用的Ⅱ型糖尿病小鼠动物模型，由于糖尿病人患阿尔茨海默病的机率是

其他人群的 2 倍，因此，我们研究了不同月龄 KKay 的认知行为改变及脑血管和神经元的
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结构和功能变化，我们发现随着糖尿病进程，KKay 的空间认知能力快速下降，同时脑血

管功能和星形胶质细胞数量明显下降，而神经元形态和标志物的表达逐渐变化。脑超微

结构研究发现，持续的糖尿病血管病变，导致脑供血不足，大脑皮层显著变薄，全脑微

血管密度和直径变小，尤以皮层和海马更为显著。星形胶质细胞在脑内的分布以皮层为

主，糖尿病时，星形胶质细胞的密度减少约 50%，星形胶质细胞与微血管的相互连接减

弱，血脑屏障功能较弱，非选择性通透性增加，对神经元的营养支持功能受到破坏，糖

尿病时引起血管，神经胶质细胞单元功能障碍的机制也进行了研究。 
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Abstract: Objective The proper interactions between blood vessels and neurons are critical for 

maintaining the strength of neural circuits and function. However, the precise molecular events 

underlying these interactions remain largely unknown. The present study is to explore the 

functions of endothelium-derived semaphorin 3G (Sema3G) on the Neurovascular Unit. 

Methods. Sema3G location and distribution were identified by transcriptional analysis of 

secretome protein, RNA in situ hybridization and electron microscopy; Immunostaining of 

whole-mount retinas was performed to analyze and quantify the retina vascular phenotype; 

Hippocampal neuron activity was detected through whole-cell recordings and optogenetics. 

Results Sema3G modulates physiological vascular remodeling and regression of pathological 

blood vessels for reparative vascular regeneration through the neuropilin-2 (Nrp2)/PlexinD1 

receptor, which coordinated the functional interaction between β-catenin and VE-cadherin by 

increasing β-catenin stability. Moreover, the selective knockout of Sema3G in endothelial cells 
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impaired hippocampal-dependent memory and reduced dendritic spine density in CA1 neurons 

in mice; these effects were reversed after restoration of Sema3G levels in the hippocampus by 

AAV transfection. Sema3G increased excitatory synapse density via neuropilin-2/PlexinA4 

signaling and improve cognitive function. Conclusion Our results elucidate the mechanism of 

Seam3G on vessel remodeling and its role in neuronal function. 

Keywords: Sema3G; vascular remodeling; Hippocampal Plasticity; Synaptic Structure; 

Neuropilin-2/PlexinA4/ PlexinD1 
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Abstract： The brain vasculature supplies neurons with glucose and oxygen, but little is known 

about how vascular plasticity contributes to brain function. Using longitudinal in vivo imaging, 

we reported that a substantial proportion of blood vessels in the adult brain sporadically 

occluded and regressed. Their regression proceeded through sequential stages of blood-flow 

occlusion, endothelial cell collapse, relocation or loss of pericytes, and retraction of glial 

endfeet.  Regressing vessels were found to be widespread in mouse, monkey and human brains. 

Both brief occlusions of the middle cerebral artery and lipopolysaccharide-mediated 

inflammation induced an increase of vessel regression. Blockage of leukocyte adhesion to 
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endothelial cells alleviated LPS-induced vessel regression. We further revealed that blood 

vessel regression caused a reduction of neuronal activity due to a dysfunction in mitochondrial 

metabolism and glutamate production. Our results elucidate the mechanism of vessel regression 

and its role in neuronal function in the adult brain. 

Key words: brain vasculature, vessel regression, pericyte, neuron, glia 
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Abstract: The cerebral cortex is the seat of higher-order brain functions. It consists of a 

multitude of specialized, precisely positioned and interconnected cell types that assemble into 

specialized neuronal circuits to execute complex behaviors. One major goal of neuroscience is 

to understand how small pools of neural progenitor cells generate the vast diversity of neuronal 

cell types during brain development. The emergence of neuronal diversity is linked to the 

specification of progenitor cells by molecular networks which restrict the potential of these 

cells to generate only certain classes of neurons, but the cellular and molecular mechanisms 

underlying this process remain elusive. In this talk, I will share my recent studies using single -

cell transcriptomics to decipher molecular mechanisms underlying the emergence of cortical 

GABAergic interneuron diversity during early brain development and to discover shared and 

unique developmental trajectories of cortical GABAergic interneurons.  

 

摘要：大脑皮层是神经系统中最高级的认知功能中心，其层结构和功能上的复杂性很大

程度上取决于组成它的神经元的数量和细胞类型多样性。成人大脑皮层中约有超过 100种

神经元类型，这些神经元通过复杂的突触连接组成神经环路，从而执行高级认知功能。

长久以来神经科学领域的关键问题之一，便是数量巨大且种类繁多的神经元是如何从数

量和种类都相对有限的神经前体细胞中有序产生的。前期研究表明，神经元多样性的产

生与神经前体细胞的分化和细胞命运决定紧密相关，但其背后的分子细胞调控机制还不

完全清楚。本此报告将介绍我们应用单细胞转录组测序技术对大脑皮层中 GABA 能中间

神经元多样性产生相关分子调控机制的研究成果，以及不同种类 GABA 能中间神经元发

育轨迹的保守型和特异性的研究进展。  
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Combinatorial genetic dissection of gene function and neural 

circuit 

 

Miao He*, Ling Gong, Xue Liu 

Institutes of Brain Science, Fudan University 

*corresponding author 

 

Abstract：The mammalian brain is composed of diverse neuronal cell types derived from 

neural stem cells. Genetic strategies engaging the intrinsic gene regulatory mechanisms that 

generate and maintain cell type identity allow precise and reliable identification and 

manipulation of cell lineages and cell types. The most commonly used one is Cre-LoxP 

recombinase system, which is also widely used for conditional gene regulation. Here we will 

present some recent work in developing combinatorial strategies incorporating two orthogonal 

recombinases to enhance specificity and flexibility of genetic targeting, lineage tracing and 

conditional gene regulation. We are applying these tools to decipher complex genetic 

architecture of brain disorders and uncover organization principles of neural circuits. 
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Abstract: Sensory neurons in the neocortex exhibit distinct functional selectivity to constitute 

the neural map. While neural map organization in higher mammals is clustered, it displays a 

striking ‘salt-and-pepper’ pattern in rodents. Little is known about the origin and circuit basis 

of the interspersed neural functional map. In this study, we found that the intricate 

developmental origin-dependent synaptic connectivity regulates precise neural functional map 

organization in the mouse primary visual cortex. While sister neurons originating from the same 

neurogenic radial glial progenitors (RGPs) preferentially develop synapses, cousin neurons 

derived from amplifying RGPs selectively antagonize horizontal, but not vertical, synapse 

formation. Accordantly, cousin neurons in similar layers exhibit clear differences in functional 

selectivity, leading to a ‘salt-and-pepper’ architecture. Interestingly, a progressive increase in 

sister-to-cousin neuron ratio gradually shifts neural map organization from a ‘salt-and-pepper’ 

to a ‘clustered’ pattern. These results suggest a common developmental mechanism under lying 

neural functional map formation in the neocortex linked to neuronal origin and synaptic 

connectivity.       
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Abstract: The hypothalamus contains an astounding heterogeneity of neurons which play 

diverse roles in regulating endocrine, autonomic and behavioral functions. Despite previous 

progress in deciphering the gene regulatory programs linked to hypothalamus development, its 

molecular developmental trajectory and origin of neuronal diversity remain largely unknown. 

Here we profile the transcriptome of 43,261 cells derived from Rax+ hypothalamic 
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neuroepithelium to map a developmental landscape of mouse hypothalamus, delineate the 

developmental trajectory of radial glial cells (RGCs), intermediate progenitor cells (IPCs), 

nascent neurons and peptidergic neurons in the lineage hierarchy, and validate with population 

lineage tracing. We show that RGCs adopt a conserved strategy for multipotential 

differentiation but generate both Ascl1+ and Neurog2+ IPCs, which display regionally 

differential origins in telencephalon. As transit-amplifying cells, Ascl1+ IPCs differ from their 

telencephalic counterpart by displaying fate bifurcation to produce both glutamatergic and 

GABAergic neurons, while Neurog2+ IPCs only produce glutamatergic neurons. After 

classifying the developing neurons into 29 subtypes coded by diverse transcription factors, 

neurotransmitters and neuropeptides, we identified their molecular determinants via regulon 

analysis and further found that postmitotic neurons at nascent state possess the potential to 

resolve into multiple peptidergic neuronal subtypes. Lastly, we applied clonal analysis to 

uncover the proliferative potential of single RGCs and their capacity to produce multiple 

neuronal subtypes. Together, our study offers a single-cell framework for hypothalamus 

development and reveals that multiple cell types along the order of lineage hierarchy contribute 

to the fate diversification of hypothalamic neurons in a stepwise fashion, suggesting that a 

cascade diversifying model can deconstruct the origin of neuronal diversity.   
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摘要：自闭症谱系障碍（ASD）是由脑发育异常导致的常见精神疾病，发病机

理不明。自闭症患者中存在 SH3RF2 基因的单拷贝缺失或变异，我们发现

Sh3rf2 单拷贝缺失小鼠表现出明显的刻板/重复行为、社交互动和交流异常，并

伴有多动和癫痫发作等 ASD 病人中常见的表型。进一步研究表明，动物大脑海

马树突棘发育的缺陷和异常的兴奋性突触传递。有趣的是这些缺陷发生在左侧

大脑，与患儿功能磁共振结果相吻合。因此，我们证实 Sh3rf2 单拷贝缺失是

ASD 的高风险因素，甚至是致病基因，其突变导致疾病的发病机制很可能是由

于左脑半球突触功能缺陷引起的（wang et al., 2018）。我们最近的研究表明，

Sh3rf2 缺失小鼠在胚胎发育期间，神经前体细胞的增殖和分化就出现异常，导

致不同皮层神经元数量的改变。我们将讨论 Sh3rf2 缺失导致神经前体细胞的增

殖和分化异常的潜在机制。 

 

Sh3rf2 单拷贝缺失导致 ASD 的潜在机制 
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Abstract：A key feature of cortical interneurons is the incredibly rich diversity, which endows 

neural circuits with remarkable computational power. Understanding the diversity of 

interneuron cell types in the neocortex has been an enduring challenge and requires detailed 

characterization of individual neurons in multiple dimensions. In this study, we modified patch -

clamp single-cell RT-PCR technology and simultaneously obtain the multiple information of 

individual interneuron, including their morphology, electrophysiological properties and 

biochemical marker expression. Moreover, to minimizing human intervention, we 

automatically extracted morphological and electrophysiological features of interneurons 

through the computer codes and develop more effective algorithms to achieve the unsupervised 

classifications of interneuron morphological types (M-types) and electrophysiological types (E-

types). Through collecting large‑ scale data sets, we systematically explored the relationship 

of the multiple features among morphology, electrophysiological properties and mRNA 

expression of cortical interneurons as well as the origins of interneuron subtypes. By clarifying 

the diversity of cortical interneurons, this study establishes a basis for future investigations 

aiming at elucidating the roles of these interneuron subtypes in neocortex.  
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Abstract: Microglia are the major immune cells in the central nervous system (CNS), and they 

play critical roles in immunity, tissue homeostasis, as well as neural development and function. 

One unique property of microglia is their remarkable self-renewal ability for the long-term 

maintenance throughout the lifespan of organism, and yet the underlying cellular and molecular 

mechanism remains poorly understood. Previous studies have shown that zebrafish contains 

two microglia populations of different origins, the rostral blood island (RBI)-derived microglia 

and the aorta-gonad-mesonephros (AGM)-derived microglia. Remarkably, the microglia of 

different origins manifest distinct self-renewal potential. Using imaging and inducible genetic 

approaches, we show that the distinct self-renewal potential of RBI- and AGM-derived 

microglia appears to be governed, at least in part, by cell-cell competition.  
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Photoreceptor-derived jag2b promotes muller glial generation 

by repressing bipolar cell fates 

 

Mengmeng Jin, Hui Zhang, Jie He 

Center for Excellence in Brain Science and Intelligence Technology, Chinese Academy of 

Sciences 

 

 

Abstract: In the developing CNS, neural progenitors produced neurons followed by glial cells. 

However, the contribution of late-born neurons to the switch from neurogenesis to gliogenesis 

remains elusive. Using single-cell RNA-sequencing, we identified photoreceptor cell-

specific jag2b, encoding a ligand for Notch receptors. Genetic disruption of jab2b resulted in 

a significant loss of Muller glial cells. Furthermore, the misexpression of jag2b in 

photoreceptor cells rescued glial cells in jab2b-/- mutants. Remarkably, single differentiating 

muller cells became bipolar cells rather than mature muller cells in jab2b-/- mutants. Thus, our 
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finding illustrates late-born photoreceptors' involvement in controlling the balance between 

muller glia and bipolar neurons.  
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Circadian regulation of sleep -- Insights from zebrafish 

 

Han Wang, Zhaomin Zhong, Xiaohui Tan 

han.wang88@gmail.com 

Center for Circadian Clocks, Soochow University, Suzhou, China 

 

Abstract: The zebrafish (Danio rerio) has figured prominently as a vertebrate model for 

studying circadian clocks and sleep.  According to Borbely’s “two-process model” for sleep 

regulation, both the homeostatic process (S) that increases with the duration of wakefulness and 

the circadian process (C) that determines the timing of sleep and wake, contribute to regulation 

of sleep homeostasis. While we have a good understanding of circadian regulation, relatively 

less is known about molecular mechanisms underlying circadian regulation of sleep 

homeostasis. Here we set to investigate regulatory roles of circadian clock protein Period in 

zebrafish sleep homeostasis. Here, we reported characterization of zebrafish period3 (per3) null 

mutants generated by TALEN. Locomotor assays showed that per3 mutant fish display 0.5-

hour shortened period and approximately 3-hour phase advance compared with wild types under 

constant dark, and are completely arrhythmic under constant light. Intriguingly, per3 mutant 

fish display less sleep time, elevated arousal threshold and difficulty to restore sleep after sleep 

deprivation. As shown by ELISA, the GABA level is reduced, indicating that the disturbed 

sleep pattern of per3 mutant fish may be resulted from altered levels of endogenous GABA. 

Deep sequencing-based transcriptome analysis leads us to focus on one candidate gene, GABA 

A receptor gene rho2a, which is up-regulated in the per3 mutant fish. Luciferase reporter assays 

showed that rho2a is circadian clock-controlled genes and Per3 negatively regulates its 

expression. Taken together, these results ascertain Per3’s essential roles in the zebrafish 

circadian system, demonstrate that Per3 acts through GABA signaling to contribute to sleep 
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regulation, and provide an ideal sleep disorder vertebrate model for drug screen and 

pathogenesis analysis. 
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Whole-brain analysis of sensorimotor transformation in 

zebrafish 

 

Yu Mu 

Center for Excellence in Brain Science and Intelligence Technology, Chinese Academy of 

Sciences 

 

Abstract: The ability to switch between behavioral states is critical for adapting to changes in 

the environment. For example, when a behavior repeatedly fails to achieve its goal, animals 

often give up and become passive, which can be strategic for preserving energy or regrouping 

between attempts. This process requires the brain to detect behavioral failures, accumulate such 

information across actions, and initiate a state switch. Zebrafish larvae switch to a passive 

behavioral state when swimming becomes futile and they perceive no corresponding body 

motion resulting from their tail movements. Through monitoring the activity of all neurons and 

astrocytes in the entire brain during such state switches, we identified a neural pathway 

performing a computation underlying the behavioral switch: noradrenergic neurons encode 

behavioral failures, then progressively activate astrocytes, which in turn suppress swimming 

through modulation of downstream neurons. Furthermore, when failures first start to occur, 

animals initially react with increased swim vigor, presumably resulting from increasing activity 

in specific neuronal populations following modulation by norepinephrine; meanwhile, also due 

to norepinephrine release, an opposing ‘driving force’ builds up in astrocytes that suppresses 

swimming, eventually showing its behavioral impact after crossing a certain threshold. This 

competitive process between these two populations of cells, neurons and astrocytes, thus allows 

for the alternation between active and passive behavioral states. 
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Dissecting the multidimensional neural dynamics in a 

transparent brain 

 

Chun-feng Shang 

Shenzhen University 

 

Abstract: The molecular pathogenesis of glioblastoma indicates that RTK/Ras/PI3K, RB, and 

TP53 pathways are critical for human gliomagenesis. Here, several transgenic zebrafish lines 

with single or multiple deletions of nf1, tp53, and rb1 in astrocytes, were established to 

genetically induce gliomagenesis in zebrafish. In the mutant with single deletion, we found only 

nf1 mutation low-efficiently induced tumor incidence, suggesting Nf1 pathway was critical for 

the initiation of gliomagenesis in zebrafish. Besides, the combination of mutations, nf1;tp53 

and rb1;tp53 cKO fish, displayed much higher tumor incidences, high-grade histology, 

increased invasiveness, and shortened survival time, respectively. Further bioinformatics 

analyses demonstrated the alterations in RTK/Ras/PI3K, cell cycle, and focal adhesion 

pathways, induced by abrogated nf1, tp53, or rb1, were probably the critical stepwise biological 

events for the initiation and development of gliomagenesis in zebrafish. Gene expression 

profiling and histological analyses showed the tumors derived from zebrafish have significant 

similarities to the subgroups of human gliomas. Furthermore, temozolomide treatment 

effectively suppressed gliomagenesis in these glioma zebrafish models, and the histological 

responses in temozolomide-treated zebrafish were similar to those observed in clinically treated 

glioma patients. Thus, our findings will offer a potential tool for genetically investigating 

gliomagenesis and screening potential targeted anti-tumor compounds for glioma treatment. 
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S08-06 

Stepwise crosstalk among aberrant Nf1, Tp53, and Rb 

signaling pathways induces gliomagenesis in zebrafish 

解析透明大脑中的多维动态神经环路 

 

Xiaojun Yang 

Shantou University Medical College 

 

摘要：神经元通过彼此之间繁复的联结构成神经环路，加工和处理信息。然而神经环路

的组成缺乏明确而可操作性的定义。基于细胞功能构筑和遗传学标记的分区，并不与功

能环路相吻合。越来越多的证据表明，神经环路是功能性和动态性的，需要实时解析其

动态构成和功能状态才能更好地理解和调控其作用。为此，我们利用基于 FPGA 和 GPU

的高性能计算系统，实时检测和解析幼年斑马鱼全脑神经元活动，根据目标神经元群的

活动状态施加感觉反馈，从而更加有效地触发了全脑范围的信息传递。这一技术与我们

前期开发的任意神经元集群光遗传学操纵相结合，为基于全脑功能状态调控高级认知活

动提供了基础。同时，为了了解神经环路丰富的信息传递和连接方式，我们开发了直接

记录神经元跨膜电压变化和细胞外钾离子浓度的纳米探针。 
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S09-01 

Metabolic regulation confers neuroprotection for retinal 

ganglion cells 

 

Wei Li, Senior Investigator 

National Eye Institute, NIH 

 

Abstract: Hibernation confers extraordinary protection against stresses and insults that would 

be life-threatening to non-hibernators. However, the mechanisms of such protection remain 

elusive, hindering therapeutic applications. Metabolic regulation is a hallmark of hibernation. 

However, beyond energy conservation, the potential link between metabolism and cellular 

protection is unclear. We discovered that hibernating ground squirrels are remarkably protected 

against axonal injury-induced neuronal death. Through metabolic profiling, we identified a key 

metabolic signature during hibernation, which exerts immunometabolic regulation and inhibit 

neuroinflammation. Moreover, in awake animals, pharmacological manipulation of the same 

metabolic pathway, mimicking hibernation, significantly reduced neuroinflammation, and 

promoted neuronal survival. Linking metabolic adaptation, immune regulation, and neural 

survival, we outline a hibernation-inspired treatment strategy against neural injuries.    
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干细胞移植再生神经视网膜 

Stem Cell-based Neuroretinal Regeneration 
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E-mail: jinzb502@ccmu.edu.cn 

首都医科大学附属北京同仁医院 北京市眼科研究所 

 

摘要：当前全球不可逆盲的最主要病因基本发生于神经视网膜，然而缺乏有效的临床治

疗手段。多能干细胞作为可分化成大部分体细胞、且可无限自我增殖的细胞，作为再生

医学领域的重要细胞源。本次报告将围绕多能干细胞分化视网膜进行移植治疗视网膜变

性疾病模型的探索，结合国内外相关进展，重点阐述干细胞再生神经视网膜的可行性和

治疗转化前景及挑战。 
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S09-03 

建立神经干细胞移植和人工耳蜗植入相结合的新综合技术

体系的研究 

The potential application of Stem Cell transplantation in the Cochlear 

Implants 

 

柴人杰 

东南大学 

 

摘要：听力障碍是一种常见的耳科疾病。根据 WHO 统计 2005 年全球听力障碍人数为

2.78 亿，占全球人口的 4.6%。2006 年我国国家统计局公布的调查数据显示，全国耳聋人

数为 2780 万，占全部残疾人总数的四分之一，居残疾人总数第二位。耳聋已成为影响社

会政治和经济的全球性健康问题，耳蜗毛细胞和螺旋神经元的不可逆损伤是造成感音神

经性聋的核心原因，成年哺乳动物的耳蜗毛细胞和螺旋神经元细胞在受损缺失后不能自



September 16-19, 2021 Chongqing 

发再生从而恢复正常的功能。目前临床上常用的人工耳蜗植入是目前临床应用最广、最

有效的现代康复技术之一。人工耳蜗是一种为重度、极重度、甚至全聋的成人及小儿恢

复或获得听力的一种电子装置，该装置能把声音信号转变为电信号直接刺激螺旋神经细

胞及听神经纤维，可以不依赖毛细胞产生听觉。作为唯一能使全聋病人恢复听觉言语交

流能力的医学装置，自从八十年代中期美国 FDA 批准首例人工耳蜗植入之后，目前全球

超过 30 万患者接受了人工耳蜗移植手术。但人工耳蜗能否产生令患者满意的言语分辨能

力完全依赖于残存的螺旋神经元，功能性螺旋神经元数量不足是影响人工耳蜗植入效果

的重大医学难题。因此，如何使螺旋神经元在损伤和丢失后修复和再生，是近年来听觉

领域研究的重点，而以干细胞为核心的再生医学为我们提供了一个充满希望的解决方案。

石墨烯被证明可以作为一种良好的神经界面材料，能显著促进神经干细胞再生神经元，

促进新生神经元神经突的生长以及功能成熟。同时石墨烯具有良好的导电特性，而电刺

激对以电生理活动为特征的螺旋神经元的发育成熟也是必须的，因此通过石墨烯做为支

架能显著促进神经干细胞分化为螺旋神经元。我们课题组和南京鼓楼医院耳鼻喉科主任

高下教授合作，利用具有良好神经界面效应和导电特性的纳米材料石墨烯做为神经干细

胞移植的支架，结合人工耳蜗的电刺激来显著促进螺旋神经元的再生和功能的成熟；进

而建立把神经干细胞治疗和人工耳蜗植入有机结合的新临床综合技术体系，为优化人工

耳蜗植入患者听觉言语功能康复奠定理论和实验基础。 
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Developing autologous cell therapy for macular degeneration: 

from bench-to-bedside 

 

Kapil Bharti, Senior Investigator 

National Eye Institute, NIH 

 

Abstract: Induced pluripotent stem cells (iPSCs) provide immune-compatible autologous 

replacement tissue for the treatment of potentially all degenerative diseases. Age-related 

macular degeneration (AMD) is caused by the progressive degeneration of retinal pigment 
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epithelium (RPE), a monolayer tissue that maintains photoreceptor function and survival. 

Combining developmental biology with tissue engineering we developed clinical-grade iPSC-

derived RPE-patch on a biodegradable scaffold. This patch performs key RPE functions like 

photoreceptor phagocytosis, water transport, and polarized cytokine secretion. We confirmed 

the safety of this patch in an immune-compromised rat model and confirmed its efficacy in a 

swine RPE injury model. A phase I/IIa Investigational New Drug (IND)-application for iPSC-

derived ocular tissue to treat AMD was recently cleared by the FDA. This Phase I/IIa clinical 

trial will test safety, feasibility, and integration of an autologous iPSC-derived RPE-patch in 

twelve advanced AMD patients. This work is helping leverage other similar autologous cell 

therapies in various other degenerative diseases. 
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Neuroregeneration of the retina 

 

Andrew Huberman 

Stanford University 

 

Abstract: Humans are highly visual. Retinal ganglion cells (RGCs), the neurons that connect 

the eyes to the brain, fail to regenerate after damage, eventually leading to blindness. Here we 

show that if the activity of mouse retinal ganglion cells (RGCs) is increased by visual 

stimulation or using chemogenetics, their axons regenerate. We also show that if enhancement 

of neural activity is combined with elevation of the cell-growth-promoting pathway involving 

mammalian target of rapamycin (mTOR), RGC axons regenerate long distances and re -

innervate the brain. Analysis of genetically labeled RGCs revealed that this regrowth can be 

target specific: RGC axons navigated back to their correct visual targets and avoided targets 

incorrect for their function. Moreover, these regenerated connections were successful in 

partially rescuing a subset of visual behaviors. Thus, functional restoration of sight in certain 

forms of blindness is likely to occur in the near future. 

 

Back to top ↑ 



September 16-19, 2021 Chongqing 

 

  



The 14th Annual Meeting of Chinese Neuroscience Society 

S10: Iron in Neurological and Psychological Disorders  

09:30 Sep.17 相悦厅 

S10-01 Wang Zhan-You 
Brain iron dyshomeostasis and Alzheimer’s 
disease 

S10-02 Zhu Xinhong Brain Iron Metabolism and Mental Health 

S10-03 Huamin Xu Iron dyshomeostasis in Parkinson's disease 

S10-04 Qingwu Yang 
Regulation and intervention of cerebral iron 
metabolism in cerebral hemorrhage 

S10-05 Yan-Zhong Chang 
Brain iron regulation, learning and contextual fear 
memory 

S10-06 Fudi Wang 
Decoding Molecular Mechanism of Ferroptosis in 
Disease 

 

Back to top ↑ 

 

 

S10-01 

Decoding Molecular Mechanism of Ferroptosis in Disease 

 

Fudi Wang 

Zhejiang University 

 

Abstract: Ferroptosis has been recognized as a new form of iron-dependent cell death. Despite 

much progress, the underlying molecular mechanisms of ferroptosis remain to be elucidated. 

We identified several ferroptosis gene functions and their potential mechanisms in the liver, 

heart injury and brain disease models. These novel findings includes functionally characterized 

the role of Slc7a11 in ferroptosis-induced liver injury (Hepatology, 2017 Cover), hepatic 

transferrin and metal transporter SLC39A14(ZIP14) in ferroptosis-induced liver fibrosis(Blood, 

2020), auranofin (AUR) induces hepatic ferroptosis (Signal Transduction and Targeted Therapy, 

2020), inhibition of ferroptosis protects against cardiomyopathy (PNAS, 2019; Chinese Science 

Bulletin, 2019 Cover), Slc7a11 protects Ferritin-deficiency induced ferroptosis in the heart 
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(Circulation Research 2020), Ferroportin and ferroptosis play important role in brain disorders 

(Journal of Pineal Research 2020; Aging Cell 2020; Cell Death & Differentiation 2021). Our 

findings not only shed new lights on mechanistic understanding of iron homeostasis or 

ferroptosis in diseases, but also provide experimental evidence in support of ferroptosis as a 

target in treating these related human diseases. 
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Brain iron dyshomeostasis and Alzheimer’s disease 

 

Zhan-You Wang 

Institute of Health Sciences, China Medical University, Shenyang, China 

 

Abstract: Iron dyshomeostasis has been recognized in the brains of aging people and 

Alzheimer’s disease (AD) patients. Several studies have identified that the iron is colocalized 

with senile plaques and is also accumulated in the neurons in AD brains, suggesting direct roles 

in the progression of AD. Our previous study exerted a significant decrease in the expression 

of Ndfip1, which accompanied by upregulation of DMT1 in APP/PS1 mouse brain, indicating 

that Ndfip1/DMT1 signaling pathway might be involved in the dyshomeostasis of brain iron. 

Highlighting that regulation of iron metabolism should be taken into the consideration of AD 

treatments. Indeed, our studies revealed that the iron chelator deferoxamine (DFO) effectively 

reduced the deposition of β-amyloid protein (Aβ) and phosphorylations of Tau by redistribution 

of iron in APP/PS1 mouse brain. Furthermore, the metal-ion chelator α-Lipoic acid (LA) clearly 

decreased the phosphorylations of Tau and neuron loss, which may be highly ascribed to the 

inhibition of iron accumulation mediated ferroptosis in P301S transgenic mice. In addition, our 

recent works found that the iron-affinity protein lactoferrin (Lf) markedly reduced the iron 

deposition in the MPTP-induced animal model of Parkinson’s disease, suggesting that Lf may 

also have beneficial bioactivities against AD. Taken together, targeting iron metabolism may 

be a promising therapeutic strategy for AD.  
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Regulation and intervention of cerebral iron metabolism in 

cerebral hemorrhage 

 

Qingwu Yang 

Third Military Medical University 

 

Abstract: Toll-Like Receptor 4 inflammation Signaling of Hepcidin Expression Causing Brain 

Iron Accumulation, Oxidative Injury, and Cognitive Impairment after Intracerebral 

Hemorrhage 

Background: Disturbance of brain iron metabolism after intracerebral hemorrhage (ICH) 

results in oxidative brain injury and cognition impairment. Hepcidin plays an important role in 

regulating iron metabolism, and we have reported that serum hepcidin is positively correlated 

with poor outcomes in patients with ICH. However, the roles of hepcidin in brain iron 

metabolism after ICH remain largely unknown.  

Methods and Results: Parabiosis and ICH models combined with in vivo and in vitro 

experiments were used to investigate the roles of hepcidin in brain iron metabolism after ICH.  

Increased hepcidin-25 was found in serum and primarily in astrocytes after ICH. The brain iron 

efflux, oxidative brain injury, and cognition impairment were improved in Hepc-/- ICH mice 

but aggravated by the human hepcidin-25 peptide in C57BL/6 ICH mice. Data obtained in in 

vitro studies showed that increased hepcidin inhibited the intracellular iron efflux of brain 

microvascular endothelial cells but was rescued by a hepcidin antagonist, fursultiamine. Using 

parabiosis ICH models also shows that increased serum hepcidin prevents brain iron efflux. In 

addition, Toll-like receptor 4 (TLR4)/MyD88 signaling pathway increased hepcidin expression 

by promoting interleukin-6 expression and signal transducer and activator of transcription 3 

phosphorylation. TLR4-/- and MyD88-/- mice exhibited improvement in brain iron efflux at 7, 

14, and 28 days after ICH, and the TLR4 antagonist (6R)-6-[N-(2-chloro-4-fluorophenyl) 

sulfamoyl] cyclohex-1-ene-1-carboxylate significantly decreased brain iron levels at days 14 

and 28 after ICH and improved cognition impairment at day 28.  
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Conclusions: The results presented here show that increased hepcidin expression caused by 

inflammation prevents brain iron efflux via inhibition of the intracellular iron efflux of brain 

microvascular endothelial cells entering into circulation and aggravating oxidative brain injury 

and cognition impairment, which identifies a mechanistic target for muting inflammation to 

promote brain iron efflux and to attenuate oxidative brain injury after ICH.  

Keywords: hepcidin; inflammation; intracranial hemorrhages; iron. 
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Axonal iron transport in the brain modulates anxiety–related 

behaviors 
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Abstract: Iron is essential for a broad range of biochemical processes in the brain, but the 

mechanisms of brain iron metabolism remains elusive. Here, we show that iron functionally 

translocates among brain regions along specific axonal projections. We identified two pathways 

for brain iron transport: a pathway from ventral hippocampus (vHip) to medial prefrontal cortex 

(mPFC) to substantia nigra (SN), and a pathway from thalamus (Tha) to amygdala (AMG) to 

mailto:zhuxh527@126.com
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mPFC. While vHip-to-mPFC transport modulates anxiety related behaviors, impairment of 

Tha-to-AMG-to-mPFC transport did not. Moreover, vHip-to-mPFC iron transport is necessary 

for the behavioral effects of diazepam, a well-known anxiolytic drug. In contrast, genetic or 

pharmacological promotion of vHip-to-mPFC transport produced anxiolytic-like effects and 

restored anxiety-like behaviors induced by repeated restraint stress. Taken together, these 

findings provide key insights into brain iron metabolism, suggesting the mechanisms 

underlying brain iron transport may represent a target for development of novel anxiety 

treatments. 
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Brain iron regulation, learning and contextual fear memory  

 

Yan-Zhong Chang 

Hebei Normal University 

Abstract: Learning memory is important characteristics of brain activity and are affected by 

many factors. Fear memory is a pivotal biological function by which organisms can predict 

possible danger to avoid or reduce harm. However, dysregulation of fear memory processing 

may lead to pathological fear or anxiety and produce serious clinical symptoms, such as post -

traumatic stress disorder (PTSD). At present, the influence and mechanism of brain iron 

metabolism on these functions are not fully understood. In our study, we found that ferroportin1 

(FPN1), the only known cellular iron export protein in mammals, and ablation in neurons and 

astrocytes caused iron deficiency in the cortex and hippocampus. However, little is known 

about its role in the development of learning and fear memory. Moreover, direct evidence of 

the role of FPN1, or the related molecular mechanisms of such a role, in balancing brain  iron 

homeostasis, especially in neuronal cells, is lacking. Herein, we deleted Fpn1 in mouse neurons, 

using Nestin-cre transgenic mice, and explored the impact on neuronal iron recycling and brain 

iron homeostasis in the cortex and hippocampus. We investigated the response of the mice to 

contextual fear and found that formation of fear memory was impeded after neuronal FPN1 

depletion. The learning memory measured by the water maze were not significantly affected. 

We also found that FPN1 ablation in neurons and astrocytes caused an atypical expression of 

iron metabolism-related proteins in these two regions: decreased expression of DMT1, Ft -H, 
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and Ft-L, and increased TfR1 expression. In addition, the decreased FPN1 in brain 

microvascular endothelial cells (BMVECs) also shed light on the cause of the decreased iron 

delivery to the brain through the blood-brain barrier (BBB). Our research highlights the major 

role played by FPN1 in brain iron homeostasis and identifies a potential target for the treatment 

of PTSD. 
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Iron dyshomeostasis in Parkinson's disease 
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Abstract: Growing evidence has indicated that iron deposition is one of the key factors leading 

to neuronal death in Parkinson’s diseases (PD). Iron is a coexisting factor with α-synuclein 

aggregates in Lewy bodies (LBs). We have showed that iron promotes α-syn aggregation, and 

α-syn acts as an iron reductase to promote iron deposition. Recently, we demonstrated that the 

iron level in the SN of A53T transgenic mice increased significantly with age, and it is more 

obvious in male mice; while in other brain regions, such as TeA, HIP, DMV, VTA, and PFC, 

the iron content decreased with varying degrees, suggesting that the redistribution of iron in the 

brain of A53T transgenic mice might be accompanied by the disease process. In addition, we 

elucidated how iron deposits chronologically and topographically and whether it is related to 

α-synuclein pathology in rotenone-induced mice models. Results have shown that 

phosphorylated α-synuclein was accumulated in the olfactory bulb (OB) and the lower brain 

stem, eventually in the cortex. Iron deposit occurred earliest in the nigrostrial system in detected 

brain regions. Nigral M1 microglia activation and pro-inflammatory cytokines induction were 
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observed before iron deposition. Our results indicated that nigrostriatal iron deposit was an 

early event in PD models with peripheral rotenone exposure, which might be due to microglia 

activation.  

 

Key words: Parkinson’s diseases; iron; α-synuclein; dopamine neuron 
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Neuropeptide Strengthens Escape Steering through a 

Cholecystokinin Receptor 

 

Shangbang Gao 

College of Life Science and Technology, Huazhong University of Science and Technology 

 

Abstract: Escape, an instinctive nociceptive response, is critical for survive and preserved in 

all organisms. Although most work focused on hard-wired neuronal circuit deciphering, the 

neuromodulatory mechanisms by which neuropeptides regulate the robust escape steering 

remain enigmatic. Here we show that a neuropeptide-like protein (NLP) precursor NLP-18 

regulates the robust escape steering in nematode Caenorhabditis elegans (C. elegans). 

Disrupting NLP-18 reduces the propensity of full omega (Ω) turn and decreases the enter Ω 

curvature, resulting in an increased proportion of shallow Ω turns with obvious enlarging Ω 

angles. Using genetic screens, we delineate an NLP-18 neuromodulation signaling pathway 
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from ASI sensory neurons to strengthen the escape steering robustness through a 

cholecystokinin receptor CKR-1 in SMD motor neurons and AIB interneurons. Specifically 

knock down of CKR-1 in SMD or AIB neurons, recapitulates the escape steering deficiency. 

The elevated SMD Ca2+ transients during the Ω turns are consistently decreased in nlp-18 and 

ckr-1 mutants. Moreover, application of the synthetic NLP-18 neuropeptides evoked substantial 

currents by heterogeneous expression of the CKR-1 in X. Laevis oocyte. Synthetic NLP-18 

could also activate SMD neurons in vivo, which is abolished in ckr-1 mutant, indicating that 

CKR-1 is a cognate receptor of NLP-18. We further revealed that the CKR-1 is a Gaq-protein 

coupled receptor. Taken together, these results demonstrated a motor robustness role of NLP-

18-CKR-1 neuromodulatory pathway in Caenorhabditis elegans.  
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Life Sciences, Nanjing University, Nanjing, Jiangsu 210023, and Peng Cheng Laboratory, 

Shenzhen 518000 

 

Abstract: Motivated behaviors, such as feeding in both invertebrates and vertebrates, often 

exhibit variability that may be an optimal behavioral strategy and are subject to 

neuromodulation, but the underlying neural mechanisms are not well understood. We use 

molecular, cellular, physiological and computational approach to study these issues in an 

experimentally-advantageous invertebrate model system, mollusc Aplysia californica. Here, we 
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describe our progress in motor variability and neuromodulation. First, we show that synaptic 

noise, in conjunction with weak feedforward excitation, generates variable motor output in the 

Aplysia feeding system. A command-like neuron (CBI-10) triggers rhythmic motor programs 

more variable than programs triggered by CBI-2. CBI-10 weakly excites a pivotal pattern-

generating interneuron (B34) strongly activated by CBI-2. The activation properties of B34 

substantially account for the degree of program variability. CBI-10– and CBI-2–induced EPSPs 

in B34 vary in amplitude across trials, suggesting that there is synaptic noise. Computational 

studies show that synaptic noise is required for program variability. Further, at network state 

transition points when synaptic conductance is low, maximum program variability is promoted 

by moderate noise levels. Thus, synaptic strength and noise act together in a nonlinear manner 

to determine the degree of variability within a feedforward network. Second, we show that 

neuropeptides that are present across phyla, such as NPY, CCK and Tachykinins, may play 

various roles in feeding. PYY (a member of the NPY family) and CCK are both satiety peptides 

in vertebrates, and Tachykinins have been shown to promote feeding in vertebrates and insects, 

but the circuit mechanisms of their actions are poorly understood. We have shown that Aplysia 

NPY and CCK similarly act as satiety peptides and, more importantly, they can promote 

egestive motor programs by reconfiguring the feeding network, prior to suppression of feeding. 

We also characterize Tachykinins and activity on their receptors in Aplysia. These studies 

provide a platform to reveal fundamental principles that may be applicable in higher animals 

including vertebrates. 

Key words: Aplysia, feeding, locomotion, behavioral flexibility, neuropeptides 
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A neuronal circuit that generates the temporal motor sequence 

for the defensive response in zebrafish larvae 

 

Jianren Song 

Tongji University 

 

Abstract: Animals use a precisely timed motor sequence to escape predators. This requires the 

nervous system to coordinate several motor behaviors and execute them in a temporal and 
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smooth manner. We here describe a neuronal circuit that faithfully generates a defensive motor 

sequence in zebrafish larvae. The temporally specific defensive motor sequence consists of an 

initial escape and a subsequent swim behavior and can be initiated by unilateral stimulation of 

a single Mauthner cell (M-cell). The smooth transition from escape behavior to swim behavior 

is achieved by activating a neuronal chain circuit, which permits an M-cell to drive descending 

neurons in bilateral nucleus of medial longitudinal fascicle (nMLF) via activation of an 

intermediate excitatory circuit formed by interconnected hindbrain cranial relay neurons. The 

sequential activation of M-cells and neurons in bilateral nMLF via activation of hindbrain 

cranial relay neurons ensures the smooth execution of escape and swim behaviors in a timely 

manner. We propose an existence of a serial model that executes a temporal motor sequence 

involving three different brain regions that initiates the escape behavior and triggers a 

subsequent swim. This model has general implications regarding the neural control of complex 

motor sequences. 

Keywords: Mauthner cell; cranial relay neurons; defensive response; escape; nucleus of medial 

longitudinal fascicle; swimming; temporal motor sequence. 
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Abstract: Many RNA-binding proteins, including TDP-43, FUS, and TIA1, are stress granule 

components, dysfunction of which causes amyotrophic lateral sclerosis (ALS). However, 

whether a mutant RNA-binding protein disrupts stress granule processing in vivo in 

pathogenesis is unknown. Here we establish a FUS ALS mutation, p.R521C, knock-in mouse 

model that carries impaired motor ability and late-onset motor neuron loss. In disease-

susceptible neurons, stress induces mislocalization of mutant FUS into stress granules and 

upregulation of ubiquitin, two hallmarks of disease pathology. Additionally, stress aggravates 

motor performance decline in the mutant mouse. By using two-photon imaging in TIA1-EGFP 

transduced animals, we document more intensely TIA1-EGFP-positive granules formed hours 

but cleared weeks after stress challenge in neurons in the mutant cortex. Moreover, neurons 

with severe granule misprocessing die days after stress challenge. Therefore, we argue that 

stress granule misprocessing is pathogenic in ALS, and the model we provide here is sound for 

further disease mechanistic study. 

Keyword: ALS; FUS-R521C; stress granule; knock-in; mouse model 
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Abstract: Neuroligins are postsynaptic cell-adhesion molecules that contribute to synapse 

specification. However, many other postsynaptic cell-adhesion molecules are known and the 

relative contributions of neuroligins versus other such molecules in different types of synapses 

and neurons remains largely unknown. Here, we have systematically studied the role of 

neuroligins in cerebellar circuits, well defined circuits that converges on Purkinje cells as the 

major output neurons of cerebellar cortex. By crossing conditional knock-out (cKO) mice 

targeting neuroligins with different Cre mouse lines, we deleted neuroligins from different 

cerebellar cell types (Purkinje cells, Purkinje cells and interneurons, or astrocytes), allowing us 

to study the effects of neuroligin deletions on different cell types and synapses by 

electrophysiology in acute slices. Our data suggest that Neuroligins play different roles in 

different cell types via different mechanisms. 
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Huyue Liu1,2, Yongxiang Hu1,3 and Yan Yang1,2 

State Key Laboratory of Brain and Cognitive Science1 

Institute of Biophysics, Chinese Academy of Sciences 

Beijing, 100101, China 

University of Chinese Academy of Sciences2 

Beijing 100049, China  

University of Science and Technology of China3  

Hefei 230026, China   

 

Abstract: Seeking reward is a positive motivational factor to optimize motor skill learning. 

Recently, researches shine a light on that cerebellum could involve in processing of reward. To 

test how reward may impact cerebellar plasticity and motor learning, we recorded the single 

unit activity of Purkinje cells in the cerebellar floccular complex of rhesus monkeys while they 
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tracked in smooth pursuit directional learning task (Medina and Lisberger, 2008, Yang and 

Lisberger, 2014). First, we assessed the direction selectivity of complex-spike responses (CS) 

of a Purkinje cell and customized "CS-ON" and "CS-OFF" instructive directions. During 

learning, these two opposite instructive changes in target motion will be randomly introduced. 

Once monkey successfully completed a learning trial, one of two sizes of reward were delivered 

with a fixed association with that instruction. For example, if a larger size reward (0.15ml）

was given in "CS-ON" learning trials, a smaller size reward (0.05ml) would be delivered in 

"CS-OFF" learning trials. The rule of reward was changed in different learning blocks. Our data 

showed that the probability of complex spikes of Purkinje cells to instructions was increased 

with reward sizes. Interestingly, the activation of CS to instruction is associated more with 

reward sizes than retinal slip errors. These results suggested that the activa tion of climbing 

fibers can convey reward value signals to instruct cerebellar plasticity during motor learning. 
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Non-coding RNAs in Depression: promising diagnostic and 
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Abstract: Non-coding RNAs (ncRNAs), including microRNAs, circular RNAs, and long non-

coding RNAs, are important regulators for the normal biological processes, and abnormal 

expression of them may involve in the pathogenesis of human diseases including depression. 

Multiple studies has demonstrated that significantly increased or reduced ncRNAs expression 

in depressed patients compared with healthy subjects and effective antidepressive therapy can 

alter the aberrant expression of ncRNAs in depressed patients. However, the existing evidence 
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is important and mixed, and there is a lack of comprehensive review to guide the effective 

clinical transformation. Focus on human research, this review summarizes clinical findings of 

ncRNAs in depression, including in brain tissues and peripheral samples. We outline the 

characteristics and functions of action of ncRNAs and highlight their performance in the 

diagnosis and treatment of depression. Although their exact roles in depression remain 

uncertain, ncRNAs have potential values as the biomarkers for depression of diagnosis and 

therapy. 
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A habenula-centric neural circuitry mechanism of chronic mild 

stress induced depression onset 

 

Yihui CUI 

Zhejiang University, School of medicine 

 

Abstract: Chronic stress is a major risk factor for depression onset. However, it remains 

unclear how repeated stress exposure sculpts neural circuits and finally elicit depression. Given 

the essential role of lateral habenula (LHb) in depression, here we attempt to clarify how LHb-

centric neural circuitry integrates stress-related information in an unbiased brain-wide scale. 

We identified a pathway-, cell-type and pattern-specific “hebbian potentiation” as the neural 

substrate for stress-related memory. Notably, such Hebbian potentiation is necessarily required 

for depression onset. By artificial inception of extracted neuronal coding under stress, we had 

the first time transplanted an emotional memory of stress experience from “stressed” mice onto 

completely “naïve” mice. Collectively, these results delineate the spatiotemporal dynamics of 

chronic stress processing from forebrain onto LHb in a pathway-, cell-type and activity pattern-

specific manner, shedding light on early interventions before depression onset. 
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The Central Amygdala and Aversion 

 

Haohong Li 
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Abstract: The lateral habenula (LHb) is implicated in emotional processing, especially 

depression. Recent studies indicate that different subregions of the basal forebrain (BF) transmit 

rewarding or aversive signals to the LHb. However, the contribution of the BF-LHb circuit in 

the pathophysiology of depression is still needed to be determined. Here, we find that excitatory 

projections to the LHb from the substantia innominate (SI), a BF subregion, can be activated 

by aversive stimuli and inhibited by reward stimuli. We demonstrate that chronic activation of 

the SI-LHb circuit is sufficient to induce depressive-like behaviors whereas inhibition of the 

circuit alleviates chronic stress-induced depressive-like behaviors. Furthermore, we find that 

reward consumption buffers depressive-like behaviors induced by activation of the SI-LHb 

glutamatergic inputs. In summary, we systematically define the function and mechanism of the 

SI-LHb circuit in modulating depressive-like behaviors, which provides important insights to 

better decipher LHb processing in the pathophysiology of depression. 
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Abstract: There are many theories about the etiology of depression, including the damage of 

neurons caused by stress, the damage of glia, the inflammatory changes of microglia cells, and 

the changes of blood vessels. However, as a disease whose core symptoms are emotional 

behavior, imaging technology plays an irreplaceable role in the study of depression. In the past 

years, the group has been involved in the development and application of a variety of imaging 

technologies including multispectral imaging technology, Miniature two-photon imaging 

technology. Multispectral imaging technology is mainly a kind of imaging technology of nerve 

- glial - blood vessels using a variety of spectral technologies, with high temporal and spatial 

resolution, can simultaneously image the nerve and blood vessels. Miniature two-photon 

imaging is able to image the changes in neurons, astrocytes, microglia and blood vessels in 

free-moving animals. There is no doubt that these techniques will greatly advance the research 

related to depression. 

Key Words: In vivo imaging；Two-photon imaging；Multispectral imaging 
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Abstract: AI has been successfully used in many applications such as computer vision, 

automatic speech recognition, natural language processing, audio recognition, and medical 

imaging processing and disease diagnosis. Recently, our group has designed a method to detect 

a type of epilepsy - benign epilepsy with centrotemporal spikes, which is the most popular 

epilepsy with children. In our method, we use three sources of data: hand-crafted features from 

MRI images based on doctors’ knowledge, 3D MRI images and 4D functional MRI images. 

The final prediction decision is obtained by fusing the three prediction results through another 

neural network. Our idea is to take advantages of all three data sources which have different 

strengths and important features to achieve the best prediction results. We have done many 

experiments which show that the proposed method is truly better than any existing prediction 

method. Currently, we are working on predicting Autism disease through video data (including 

facial expression, movement style, and voice), genetic features, and MRI images through 

effective fusion methods. Future improvements including how to design better AI systems, and 

how to use more data sources will also be outlined in this talk. 
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Structure optimization and in vitro activity evaluation of light 

chain inhibitors of botulinum toxin type A 
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Abstract: Botulinum neurotoxin type A (BoNT/A), produced by Clostridium botulinum, is one 

of the most potent biotoxins known. Studies have shown its lethal dose in humans is 0.1~1.0 

ng/ kg and it has been classified as a Category A bioterrorism agent by the Centers for Disease 

Control and Prevention.  

BoNT/A was approved by FDA for treating spasm, dystonia, strabismus in 1989 and its 

cosmetic application was approved in 2002. With its widely clinical application, the poisoning 

incidents frequently occurred. Currently antibody therapy is available for BoNT/A poisoning, 

its effect is limited because it can only neutralize the free toxin molecules outside the cells but 

without any inhibitory effect on those toxin molecules already entered the neurons.  

Recently, small peptides have been discovered to have the ability crossing the cell membrane 

and could be good toxin inhibitor candidates inside the cell. They have been widely screened 

for toxin inhibitors with characteristics of higher inhibitory activity and fewer side effects. 

Tetrapeptide of RRGC has been reported to inhibit the light chain of BoNT/A, but its inhibitory 

activity is easily affected by reducing substances in vivo. In present work, RRGC derivatives 
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were used to perform the structure optimization, with binding force and stability evaluation by 

computer-aided drug design. Two tetrapeptides of RRGW and RHGW were hence screened out 

and synthesized. Their inhibitory activities were evaluated with SNAP25 cleaving assay by 

light chain of BoNT/A. The result showed RRGW and RHGW have superior inhibitory 

activities than RRGC and are potential drug candidates for treating botulinum poisoning. 

 

Back to top ↑ 

 

 

 

S13-02 

HOW TO DOSE BOTULINUM TOXIN FOR THE 
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Abstract: Botulinum toxin (BT) has been used for many years to treat dystonia. Its success 

mainly depends on its dosing. Various dosing tables have been proposed in the past to guide 

BT injectors - all with considerable drawbacks. IAB - Interdisciplinary Working Group for 

Movement Disorders wanted to improve BT dosing by a novel approach based on a 

comprehensive analysis of real life treatment data and their subsequent evaluation by an 

international expert panel. 

Treatment data originated from a reference centre executing BT therapy for many years under 

optimal conditions. Altogether 420 patients with dystonia were included. 240 of them suffered 

from cervical dystonia, 100 from facial dystonia, 50 from writer's cramp, 50 from 

oromandibular dystonia, 10 from arm dystonia and 10 from axial dystonia. A total of 1831 BT 

injection series were analysed. For each dystonia indication target muscle selection was 

described by the total BT dose applied and the number of target muscles used. Additionally, 

target muscle dosing was described for each indication and for each target muscle by analysis 
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of the BT mean dose ('usual dose'), the BT standard deviation ('dose variability') and the BT 

minimum and maximum ('dose limits'). 

The IAB dosing schemes provide information on target muscle selection and target muscle 

dosing for all major dystonia indications separately. This information is based on exact 

statistical analysis rather than estimates only and consented by an international expert panel. 

With this the IAB dosing schemes advance current dosing schemes considerably.  
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Abstract: Botulinum toxin type A (BoNT/A) is a safe and therapeutic tool widely applicated 

in neurologic disorders, such as dystonia, chronic migraine, neuralgia, and non-neurologic 

conditions. Its primarily biological function is paralyzing hypermyotonia owning to inhibition 

of acetylcholine via cleaving the synaptosomal-associated protein 25 (SNAP-25) in cholinergic 

terminals limited on the injection loci. However, increasing evidences raised that some 

therapeutic effects of BoNT/A couldn’t be explained merely by peripheral action or unique of 

acetylcholine inhibited. Above all, the denervation of other neurotransmission like CGRP, 

substance P and glutamate via BoNT/A local administration might alter the sensory afference, 

indirectly resulting in the brain plastic reorganization. In addition, recent researches concerned 

that it could retrograde transport and transcytosis to the second-order neurons in the central 

nervous system (CNS). The retro-transportation of BoNT/A would directly target the membrane 

receptors or ion channels of neurons in CNS, changing physiological or electrophysiological 

properties, which forward explained the central actions on chronic migraine and neuralgia 

alleviation. The emotion was also improved post of BoNT/A injection into musculus procerus 
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reported by clinical and basic scientific evidences, but the mechanism is being characterized. 

Thus, BoNT/A has a much wider range of applications in clinic, while more convincing efforts 

are needed to understand the distantly central effects to widen its clinical practices.  

Key words: Botulinum toxin type A (BoNT/A), central effect, retrograde transport, transcytosis 
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Abstract 

Background：Cervical dystonia (CD) is the most common form of focal dystonia. Primary 

clinical manifestations include intermittent or persistent posture abnormalities and movement 

disorders of the head and neck, accompanied by neck pain and tremor. Symptoms can be 

alleviated by focal injection of botulinum toxin type-A (BoNT-A). Accumulating 

neuropathological and neuroimaging evidence have demonstrated maladaptive changes in brain 

regions responsible for sensorimotor control, including the basal ganglia, cerebellar, brainstem, 

motor and somatosensory areas, and even visual cortex in CD patients. Beyond these focal brain 

abnormalities, the disrupted neural network hypothesis is becoming a leading pathophysiologic 

model for CD, particularly for functional connectivity derived from functional magnetic 

resonance imaging (fMRI) data. However, the relationship between brain abnormalities and 

phenotypic characteristics in CD patients has not been fully established, and little is known 

about the neuroplastic changes induced by BoNT-A treatment. 

Methods：We retrospectively screened 92 CD patients presenting with rotational torticollis 

and 45 healthy controls (HCs) from our database. After clinical assessment, 92 patients 
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underwent baseline MRI scanning followed by a single-dose injection of BoNT-A. Four weeks 

later, 76 out of 92 patients were re-evaluated with the Tsui scale for dystonia severity, and 33 

out of 76 patients completed post-treatment MRI scanning. Data-driven global brain 

connectivity (GBC) and regional homogeneity (ReHo) in tandem with seed-based connectivity 

analyses were used to examine the functional abnormalities in CD and longitudinal circuit 

alterations that scaled with clinical response to BoNT-A.  

Results: Between-group analysis showed that CD patients exhibited significantly decreased 

GBC in the right superior frontal gyrus and left dorsomedial prefrontal cortex, and reduced 

ReHo in the right inferior temporal gyrus and bilateral postcentral gyrus compared to HCs. CD 

patients exhibited elevated baseline connectivity of right postcentral gyrus with the left 

dorsomedial prefrontal cortex and right caudate nucleus, which was associated with their 

symptom severity. Moreover, we observed partial normalization of disrupted functional 

connectivity in the sensory-motor integrative network in patients after BoNT-A treatment, and 

particularly the extent of decrease in excessive functional connectivity between right superior 

frontal gyrus (i.e. premotor cortex) and sensorimotor cortex was correlated with symptom 

improvement.  

Conclusions: We unravel dissociable DMPFC-Post CG-caudate nucleus and SFG-sensorimotor 

connectivity pathways in tight association with neuropathology and BoNT-A treatment central 

effects for CD patients. The pathogenesis mechanism of CD may arise from local abnormalities 

and interaction deficits in the sensorimotor network and basal ganglia. Furthermore, the results 

provide many new and testable hypotheses with direct relevance for new treatment strategies 

that go beyond the basal ganglia. 

Key words: Cervical Dystonia, botulinum toxin, functional magnetic resonance imaging, Brain 

Connectivity 
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Abstract: 

Background: Cricopharyngeal botulinum toxin (BTX) injection is one of the treatments for 

antegrade (neurogenic) cricopharyngeal dysfunction (A-CPD). We conducted this prospective 

study to investigate the effect and safety of BTX injection for A-CPD with a novel guidance. 

Methods: Twenty-one patients with A-CPD whose symptoms did not reduce after conventional 

swallowing therapy were included in this study. The impact of BTX injection on the swallowing 

function of the patients was evaluated.  

Key Results: After the injection, the Functional Oral Intake Scale (FOIS) score increased in 17 

of 21 patients (80.9%), which ranged from 1 to 3 (P < 0.001). Moreover, there was a significant 

reduction in the UES opening impairment (P < 0.01), UES residual pressure (P < 0.05), duration 

of UES relaxation, penetration-aspiration scale score (P < 0.05), secretion (P < 0.05), vallecular 

residue (P < 0.01), and left (P < 0.05) and right (P < 0.05) pyriform sinus residue. With at least 

6 months of follow-up, we found that FOIS continued to increase in patients who showed 

improvement after the injection (i.e., FOIS 5–7 points), while it remained unchanged in patients 

without improvement after the injection. There were no side effects reported in this study. 

Conclusion & Inferences: BTX injection into the cricopharyngeal muscle guided by 

ultrasound, catheter balloon, and electromyography possibly has a long-lasting effect that can 

effectively and safely improve the swallowing function of patients with A- CPD.  

Key Words: botulinum toxin, antegrade cricopharyngeal dysfunction, guidance of ultrasound 

with catheter Balloon and electromyography, functional assessment 
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S14-01 

Neural correlates of active sequence chunking in the human 

brain 

 

Nai Ding 

Zhejiang University 

 

Abstract: Humans and animals often have to process long sensory sequences. A useful strategy 

to handle long sequences is to segment it into shorter chunks, the size of which can easily fit 

into the working memory span. Here, I will report 2 studies concerning how the brain segments 

sensory sequences into chunks and I will argue that attention and the motor system play critical 

roles in sequence chunking. In the first study, it is shown that human participants can quickly 

learn to explicitly apply an abstract rule to segment an auditory sequence into chunks. Low-

frequency cortical activity measured by MEG/EEG tracks the chunk structure when participants  

perform the explicit chunking task. Such chunk-tracking activity disappears when participants 

passively listen to the sequence or perform tasks unrelated to chunking, confirming that it is 
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driven by the explicit chunking task. In the second study, it is further shown the motor system 

is engaged when participants actively segment a sensory sequence into chunks. The evidence 

is that ocular activity tracks the chunk structure during sequence chunking tasks, even when the 

task is auditory and when the participants close their eyes. It is further demonstrated that ocular 

activity is phase locked to the attentional focus in each chunk. Taken together, these studies 

suggest that attention and the motor system play critical roles in sequence chunking and I will 

discuss potential links between such artificial sequence chunking and syntactic chunking during 

language processing. 
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S14-02 

Disentangled neural representation of sequence memory in 

macaque prefrontal cortex 

 

Bin Min 

Institute of Neuroscience, CAS 

 

Abstract: Most, if not all, behavior is organized in sequences. However, how the brain 

represents a sequence in memory remained largely unknown. Here, we investigated the neural 

code of sequence memory by calcium imaging in lateral prefrontal cortex of macaque monkeys 

performing a delayed-sequence reproduction task, which involved viewing a sequence of 

locations on a hexagon and reproducing it by sequential saccades. We found that spatial 

sequence memory was composed of multiple highly disentangled low-dimensional rank 

subspaces, in each of which corresponding spatial locations were encoded in a manner same as 

the physical visual organization. Crucially, these disentangled rank subspaces could be 

generalized to novel and variable length sequences and were instantiated by the same 

population of prefrontal neurons. The properties of this disentangled code can well explain 

benchmarks of macaque sequence behavior. Our data thus support disentangled neural 

representation of spatial sequence memory, which enables compositional generalization of 

spatial sequences and could be potentially generalized to any neuronal structures with a 

progression through ordinal sets.  
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Evolving schema representations in orbitofrontal ensembles 

during learning 

 

Jingfeng Zhou, Chunying Jia, Marlian Montesinos-Cartagena, Matthew P. H. Gardner, Wenhui 

Zong, Geoffrey Schoenbaum 

National Institute on Drug Abuse Intramural Research Program 

 

Abstract: How do we learn about what to learn about? Specifically, how do the neural elements 

in our brain generalize what has been learned in one situation to recognize the common structure 

of—and speed learning in—other, similar situations? We know this happens because mammals 

become better at solving new problems—learning and deploying schemas—through experience. 

However, we have little insight into this process. Here we show that using prior knowledge to 

facilitate learning is accompanied by the evolution of a neural schema in the orbitofrontal cortex. 

Single units were recorded from rats deploying a schema to learn a succession of odour-

sequence problems. With learning, orbitofrontal cortex ensembles converged onto a low-

dimensional neural code across both problems and subjects; this neural code represented the 

common structure of the problems and its evolution accelerated across their learning. These 

results demonstrate the formation and use of a schema in a prefrontal brain region to support a 

complex cognitive operation. Our results not only reveal a role for the orbitofrontal cortex in 

learning but also have implications for using ensemble analyses to tap into complex cogni tive 

functions. 
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Zhiyuan Liu 

Tsinghua University 

 

Abstract: Knowledge representation and modeling is a key research topic in artificial 

intelligence. In AI, human knowledge is divided into concept knowledge, commonsense 

knowledge, relational knowledge, and domain knowledge and has been extensively studied how 

to represent and acquire the knowledge and how to use the knowledge in machine learning 

systems. This talk will introduce the most recent advances in knowledge computation in the era 

of deep learning. 

 

报告人简介 （200-500 字）：Zhiyuan Liu is an associate professor at the Department of 

Computer Science and Technology, Tsinghua University. He received his Ph.D. degree in 

Computer Science from Tsinghua in 2011. His research interests include representation learning, 

knowledge graphs and social computation, and has published more than 80 papers in top-tier 

conferences and journals of AI and NLP including ACL, IJCAI and AAAI, cited by more than 

14,000 according to Google Scholar. He is the recipient of the Excellent Doctoral Dissertation 

of Tsinghua University, the Excellent Doctoral Dissertation of CAAI (Chinese Association for 

Artificial Intelligence), Outstanding Post-Doctoral Fellow in Tsinghua University, MIT 

Technology Review Innovators Under 35 China (MIT TR-35 China), BAAI Young Scientist. 

He serves as Youth Associate Editor of Frontiers of Computer Science, Area Chairs of ACL, 

EMNLP, COLING, IJCNLP, etc. 

 

刘知远，清华大学计算机系副教授、博士生导师。主要研究方向为表示学习、知识图谱

和社会计算。已在 ACL、EMNLP、AAAI、IJCAI等人工智能领域的著名国际期刊和会议

发表相关论文 100 余篇，Google Scholar 统计引用 1.4 万次。曾获教育部自然科学一等奖

（第 2 完成人）、中国中文信息学会钱伟长中文信息处理科学技术奖一等奖（第 2 完成

人）、中国中文信息学会汉王青年创新奖，入选国家万人计划青年拔尖人才、北京智源

研究院青年科学家、2020 年 Elsevier 中国高被引学者、中国科学青年人才托举工程。担

任中文信息学会青年工作委员会主任，中文信息学会社会媒体处理专委会委员、秘书长，

SCI 期刊 Frontiers of Computer Science 青年编委，ACL、EMNLP、COLING、IJCNLP 领

域主席。 
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S14-05 

Embodied and Symbolic knowledge representation in the 

human brain. 

 

Bi Yanchao 

Beijing Normal University 

 

Abstract: Human brain stores tremendous amount of knowledge about this world, which is the 

foundation of language, thought, and reasoning. What’s the neural codes of knowledge 

representation? Is the knowledge “roses are red” simply the memory trace of perceiving the 

color of roses, stored in the brain circuits within color-sensitive neurons? What about 

knowledge that is not directly perceived by senses, such as “freedom” or “rationality”? What’s 

their relationship with machine-based knowledge representation? I will present some work from 

my lab that addresses this issue using cognitive, neuroimaging, and neuropsychological 

methods with healthy subjects, individuals with sensory deprivation (blind and deaf) or with 

brain damage. The findings point to a highly distributed system incorporating two different 

types of information coding – one based on distributed sensory experiences (embodied) and 

one based on language (symbolic). 
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S15-01 

Renew conception of Autism Spectrum Disorders：from 

China Multi-center Children Autism Project (CMCAP) 

 

 Tingyu Li 

Children's Hospital of Chongqing Medical University, Chongqing, China.tyli@vip.sina.com 

 

Abstract: The etiology of autism spectrum disorder (ASD) has not yet been fully identified, but 

it seems to be triggered by complex genetic and environmental risk factors. Moreover, the 

tremendous etiological and clinical differences among individuals with ASD has had a major 

negative impact on early diagnosis and individualized treatment. Earlier diagnosis of precise 

clinical subtypes of ASD could lead to individualized treatment and a better prognosis. 

However, few large-scale epidemiological studies have explored precise clinical subtypes and 

clinically meaningful biomarkers, especially in China. The China Multi-center Children Autism 

Project (CMCAP) includes nearly 3,000 children-1,469 individuals with ASD and 1,499 

typically-developing (TD) controls—from 13 cities in China. Using a case-control design, each 

participant was comprehensively characterized in terms of feeding and disease history, maternal 

history, family history, clinical core symptoms, comorbidities, biochemical markers, genomics, 

urine/fecal metabonomics, and intestinal flora. In addition, data on environmental risk factors 

were obtained using interviews and electronic medical records. The study was designed to: (1) 

investigate age at diagnosis and treatment and family and social support for preschool children 

with ASD in China, (2) develop a more accurate clinical subtype and intervention system for 
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the ICD-11, and (3) find the specific genes and environmental markers of different subtypes, 

which will help in 

the development of early diagnosis and individual intervention programs for preschool children 

with ASD. This study will provide the basis for improving national health policies  for ASD in 

China. 
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S15-02 

Protein ubiquitination of Neuroligin Regulates Synaptogenesis 

 

Jun XIA 

Division of Life Science, The Hong Kong University of Science and Technology/ 

Department of Medical Neuroscience, Southern University of Science and Technology 

jxia@ust.hk 

 

Abstract: Synapses are specialized structures that mediating neuronal communication. The 

formation of synapses, or synaptogenesis, are tightly regulated and highly dynamic in response 

to neuronal activity. The molecular mechanism governing the formation and dynamics of 

synapses are not fully understood. Neurexins and neuroligins are cell adhesion molecules that 

capable of inducing synaptogenesis. Neurexins localize at the presynaptic terminals and interact 

with neuroligins at postsynaptic membrane to form trans-synaptic link. Different neuroligins at 

postsynaptic membrane will determine the nature of synapses. Neuroligin-1 will mainly induce 

the formation of excitatory synapses while neuroligin-2 will induce the formation of inhibitory 

synapses. Here we report that neuroligins could be ubiquitinated. Their ubiquitination closely 

associates with neuronal activity. Ubiquitination of neuroligins will change the protein amount 

of neuroligins and regulate synapse formation. We also identified molecules that could modify 

the ubiquitination of neuroligins and investigated the roles and mechanisms of these molecules 

in synaptogenesis. (Supported by Research Grants Council of Hong Kong SAR, China) 
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S15-03 

Accurate diagnosis and treatment of autism based on the large 

scale genetic data 

 

Zhongsheng Sun 

Beijing Institutes of Life Science, Chinese Academy of Sciences，sunzs@biols.ac.cn 

 

Abstract: Autism spectrum disorder (ASD) is a heterogeneous neurodevelopmental disorder 

characterized mainly by impaired social communication, repetitive behavior, and limited 

interests or activities. ASD has a prevalence of 1–2% in the population, with a strong male bias 

and high frequency of comorbidities such as intellectual disability, microcephaly, 

macrocephaly, and epilepsy. Over the last few years, there have been unprecedented advances 

in understanding ASD in Western countries. Studies have also shown a significant increase of 

ASD incidence in China, leading to growing attention and research among the country’s 

scientists, clinicians, and government. We focus on understanding of the genetic  basis of ASD 

by next generation sequencing and identified several autism-risk genes, such as ANK3 and 

PAK2, as well as their pathologies in ASD. In the diagnosis of ASD, we integrative analyze the 

clinical symptoms and genetic components of the subtypes within ASD. We also characterized 

both the unique genetic components of ASD and shared patterns of ASD with other psychiatric 

disorders. We identified mutations of microcephaly- and macrocephaly-associated genes 

detected in patients with ASD, suggesting the important role of head circumference in the 

diagnosis of ASD. We also provide evidence that Vitamin D has treatment effects on ASD. 

Although challenges remain, with the collaborative efforts of research communities, financial 

support from administrative bodies and funding agencies, and public awareness and 

participation, we are likely to see significant scientific advances in understanding ASD.  
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Proteolytic cleavage of CNTNAP2 and its role in autism 

 

Jing Zhang, Jia-Da Li* 

School of Life Sciences, Central South University, Changsha, Hunan, 410078 

*Email: lijiada@sklmg.edu.cn 

 

Abstract: Contactin associated protein-like 2, belongs to the Neurexin protein family, is a 

neuronal transmembrane protein of the neurexin superfamily involved in synapse development 

and maintenance. Dysfunction in CNTNAP2 has recently been linked to several neurological 

diseases such as autism spectrum disorders (ASD), epilepsy, and schizophrenia; however, the 

underlying mechanisms are still elusive. In this study, we found that CNTNAP2 underwent 

several steps of proteolytic cleavage, producing the soluble extracellular N-terminal fragment 

and C-terminal domain (CTD). CTD promoted the nuclear entry of CASK protein to regulate 

transcription of downstream genes, such as necdin. Our results reveal a potential role for 

proteolytic processing of CNTNAP2 in the etiology of autism. 

 

Back to top ↑ 

 

 

S15-05 

PQBP1 regulates brain development and autistic behavior  

 

Shanshan Cheng, Wenhua Liu, Zi Chao Zhang, and Junhai Han 

 

School of Life Science and Technology, Southeast University, Nanjing 210096, China 
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junhaihan@seu.edu.cn  

 

Abstract: Mutations in human polyglutamine-binding protein 1 (PQBP1) gene are linked to X-

linked intellectual disability syndromes as well as autism spectrum disorder. However, the 

potential roles of PQBP1 in brain development and autism are unclear. Here, we generated 

PQBP1Y65C-knock-in mice and found that they exhibited microcephaly, growth retardation, 

impaired learning skills, and an atrial septal defect, similar to symptoms in patients with GIH 

syndrome. In addition, we generated PQBP1P242L-knock-in mice and PQBP1W215X-knock-in 

mice, and found that these mice exhibited impaired social interaction and communication, 

increased repeative behavior, similar to symptoms in ASD patients. We demonstrated that the 

Y65C mutation significantly reduced PQBP1 protein levels and led to the defective 

proliferation of neural stem and progenitor cells. Furthermore, we revealed that impaired 

PQBP1 synthesis was due to an aberrant disulfide bond in the mutant PQBP1 protein. Our work 

successfully generated the first mouse model for GIH syndrome, and demonstrates that the 

Y65C mutation, which causes a significant reduction in PQBP1 synthesis, is the major 

pathological mechanism responsible for microcephaly and mental retardation in patients with 

GIH syndrome. 
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Neuropsychiatric risk gene MIR137 modulates the 

neurodevelopment and behavior 

 

Ying Cheng 

 

Institute of Biomedical Research, Yunnan University, Kunming, 650500, China 

*Corresponding author 

E-mail: ycheng@ynu.edu.cn 
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Abstract Objective Genetic analyses have linked MIR137 (encoding microRNA miR-137) to 

neuropsychiatric disorders, including schizophrenia and autism spectrum disorder. miR-137 

plays important roles in neurogenesis and neuronal maturation, but the impact of miR-137 loss-

of-function in vivo remains unclear. Methods To systematically investigate the role of miR-

137 in brain, we have generated the miR-137 germline knockout (gKO) and nervous system 

knockout (cKO) mice. Brain cortical tissues of miR-137 gKO mice were isolated for 

transcriptomic and proteomic analyses to identify the key regulatory miR-137 targeted genes 

and signaling pathways in regulating the development and function of neurons. A series of 

experiments in cellular, electrophysiological and behavioral levels were performed to explore 

the role of miR-137 by using miR-137 cKO mice. Results (1) The complete loss of miR-137 in 

mice (gKO and cKO) leads to postnatal lethality, while heterozygous gKO and cKO mice 

remain viable. (2) Partial loss of miR-137 in heterozygous cKO mice results in dysregulated 

synaptic plasticity, repetitive behavior, and impaired learning and social behavior. (3) 

Transcriptomic and proteomic analyses revealed that the miR-137 mRNA target, 

phosphodiesterase 10a (Pde10a), is elevated in heterozygous cKO mice. (4) Treatment with the 

Pde10a inhibitor papaverine or knockdown of Pde10a ameliorates the deficits observed in the 

heterozygous cKO mice. Conclusion Our results collectively suggest that Mir137 plays 

essential roles in postnatal neurodevelopment and that dysregulation of miR-137 potentially 

contributes to neuropsychiatric disorders in humans.  

 

Keywords: miR-137; autism spectrum disorder; schizophrenia; neurodevelopment; Pde10a 
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A longitudinal hippocampal circuit for contextual fear learning 

 

Hao-shan CHEN1,2,3, Shou QIU1,2,3, Jin-ni WU1,2, Guang-ling WANG1, Qi-xin YANG1, Qing 

SHENG1, Rong-rong YANG1, Chun XU1,* 

 

1Institute of Neuroscience, State Key Laboratory of Neuroscience, CAS Center for Excellence in 

Brain Science and Intelligence Technology, Shanghai Institutes for Biological Sciences, Chinese 

Academy of Sciences, Shanghai 200031, China.  

2University of Chinese Academy of Sciences, Beijing 100049, China 

3These authors contributed equally to this work 

 

*Corresponding author 
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E-mail: chun.xu@ion.ac.cn 

 

Abstract: Objective Hippocampus participates in context processing and emotional learning, 

and hence is necessary for survival. However, the circuit substrates for context-dependent 

associative learning is still poorly understood. While most attentions were focused on the 

classic synaptic route in the coronal axis, we uncovered a pivotal role of longitudinal projection 

from dorsal CA3 (dCA3) to ventral CA1 (vCA1) in contextual fear conditioning. Methods and 

Results I will then present our ongoing efforts investigating the CA3 circuit in context encoding 

and discuss results that longitudinal projection from dCA3 to vCA1 is crucial for the contextual 

fear conditioning. By combining anatomical tracing, optogenetics and electrophysiological 

recordings, we found that dCA3 neurons exhibited context-modulated neuronal activities and 

specifically innervated dorsal part of vCA1 (vCA1d). The vCA1d showed robust shock 

responses and its postsynaptic response to dCA3 projections are enhanced after contextual fear 

conditioning. Moreover, optogenetic silencing this projection from dCA3 to vCA1d impaired 

contextual fear conditioning. Finally, we performed miniscope Ca2+ imaging from dCA3 and 

vCA1. We found that the context discrimination of neural activities is enhanced both in dCA3 

and vCA1. Interestingly, vCA1 but not dCA1 exhibited correlated changes of neural activities 

with the fear learning at the behavioral level. Conclusion Together, our findings uncovered a 

longitudinal circuit of specific projection from dCA3 to vCA1 and demonstrated its critical role 

in contextual learning, thereby providing the neural basis for context information flow and 

contextual learning. 

 

Keywords: context; fear conditioning; Ca2+ imaging; electrophysical recording; longitudinal 

hippocampal circuits;  
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Distributed and dynamical neuronal representation of working 

memory 

 

Chenyu Li 



The 14th Annual Meeting of Chinese Neuroscience Society 

1Institute of Neuroscience, State Key Laboratory of Neuroscience, CAS Center for Excellence in 

Brain Science and Intelligence Technology, Shanghai Institutes for Biological Sciences, Chinese 

Academy of Sciences, Shanghai 200031, China. 

 

Abstract: Working memory (WM) maintains and manipulates information in an active state 

for a brief delay period. Because no input is presented during the delay period, neuronal activity 

supporting WM must be internally generated following sensory stimuli. Such delay-period 

activity maintaining WM is found in many brain regions. However, a global picture of WM-

related activity dynamics remains to be determined. Our recent results of brain-wide activity 

recording in mice performing olfactory WM tasks reveal distributed and dynamical neuronal 

representation of working memory. 
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A cortico-basal ganglia-thalamo-cortical circuit for short-term 

memory 

 

Zengcai Guo 

Tsinghua University 

 

Abstract: Short-term memory (STM), which links past events and future actions, is central to 

virtually all cognitive abilities. During STM, ensemble of neurons in various brain areas, 

including prefrontal cortex, parietal cortex, motor cortex and subcortical areas, sustains 

elevated or suppressed discharge of action potentials. How this persistent activity generated 

and maintained in the brain remains unclear.  

 

We study this problem by combining multichannel recording, optogenetic perturbations, and 

quantitative behavior. Mice were trained to perform a whisker stimuli discrimination task with 

a delay. We previously recorded from a premotor cortex (the anterior lateral motor cortex, ALM) 

and found persistent activity that predicts future actions. This persistent activity was maintained 
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by the reciprocal connections between ALM and motor thalamus (the ventral medial and ventral 

anterior-lateral nuclei). We further systematically mapped functional connectivity from the 

cortex to thalamus and found that inhibition of cortex profoundly reduced thalamic activity. 

Since thalamus is strongly modulated by SNr, we studied the role of basal ganglia-thalamic 

projections in formation of trial type selective persistent activity. SNr activity is modulated by 

the striatum and we find that the direct and indirect pathways play differential roles in formation 

of persistent activity. Together, these results illustrate a multi-regional network for short-term 

memory. 

 

 

Back to top ↑ 

 

 

S16-04 

Cortical representation of stimuli association as a non-linear 

cellular response 

 

Guangyu Wang, Chenhui Liu, Kaiyuan Liu, Tianfu Zhang, Wenhan Luo, Hong Xie, Ji-Song Guan 

 

School of Lifesciences, ShanghaiTech University 

Abstract: Neural substrate of memory is the synaptic plasticity, which adjusts signal 

transmission rate between two neurons and maintains it for long time. Hebbin’s rule suggests 

the stimuli induced activation of distinct neural ensembles links together with each other to 

strengthen the responses, thereby, in traditional view, association of stimuli is represented as 

the strengthened synapse and the enhanced neural activation of the original stimuli -activated 

neurons. However, the proposed neuronal representation of stimuli association is lack of 

flexibility due to the simplicity of the synergistic rule, especially for dealing with complexed 

information, containing multiple components and temporally separated objects. Thereby, we 

re-examined neuronal responses in mouse visual cortex under stimuli association between air-

puff and a flash-light (250ms before). Interestingly, each stimulus induced activation of distinct 

ensembles in layer 2, both of they showed reduction of activity during association training. In 

contrast, a new ensemble emerged when the two stimuli were associated together. Such a 
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cortical response is non-linear as the association-specific response neurons emerged very 

quickly in the first few trials of association training. After labeling those association -specific 

neurons with c-fos CREer transgenetic mice, we found those neurons showed prolonged phase 

of neural activation after stimuli, comparing to their unlabeled neighbors. Inactivation of those 

c-FOS labeled neurons lead to the reduction of activities of its neighbors during association 

training, indicating association activated c-FOS+ neurons are a central hub of the association 

activated ensemble. Optogenetic activation of the association-activated c-FOS+ neurons 

induced memory retrieval behavior, specifically with the labeled stimuli association, but not 

unlabeled association, suggesting those association-activated ensembles are involved in 

memory encoding and retrieval. Furthermore, we found inhibitory neurons are critical to 

establish the selective response of the stimuli association. While PV neuron activities maintain 

the selectivity of layer 2 responses, SOM and VIP neuron activity quickly altered the 

association activated ensemble. Thereby, we found the cortical coding of the stimuli association 

is represented as the inhibitory-neuron modulated non-linear cellular response, underlying the 

emergence of cortical engram-like response. 
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Holistic bursting cells 

 

Xiaowei Chen 

Third Military Medical University 

 

Abstract: Learning can change neuronal activities in neocortex. However, the logic of how 

activities of individual neurons are transformed by learning and their roles in cortical processing 

of the learned stimuli remain unclear. By combining two-photon population Ca2+ imaging and 

single-cell loose-patch recordings in behaving mice, we found that learning transformed the 

sound-evoked response from a singlet firing mode to a high-rate bursting mode in a very sparse 

set of layer 2/3 neurons in primary auditory cortex. In mice trained with complex chords, we 

discovered cells with a ‘holistic bursting’ (HB) mode, exhibiting bursting responses specifically 
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to a chord but not to any constituent tone. Strikingly, the inclusion of sparse HB cells, but not 

large numbers of nonbursting cells, was required by a neuronal population to achieve 100% 

accuracy in single-trial complex sound discrimination. Together, we find learning-transformed 

HB cells and their pivotal role in performing a cognitively meaningful information processing 

logic. 
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Memory replay and learning-induced plasticity in the human 

visual cortex 

 

Nihong Chen 

Tsinghua University 

Abstract: One form of implicit memory, perceptual learning, involves improving one’s ability 

with practice to discriminate differences in the attributes of simple stimuli. Here I report 

functional changes associated with perceptual learning in the human visual cortex from three 

studies. (1) Using functional magnetic resonance imaging and transcranial magnetic stimulation, 

we show that visual motion learning modifies the cortical functional specialization, suggesting 

that learning could reweight the contributions of visual cortical areas to perceptual decisions 

based on their encoding qualities. (2) By training with simulated central vision loss, we found 

that normally sighted adults can develop a preferred retinal locus with a reduced crowding 

effect, suggesting that the adult visual system is capable of reshaping its oculomotor control 

and sensory coding to adapt to impoverished visual input. (3) Using intracranial recording, we 

show that repeated visual exposure leads to a cue-triggered sequential replay in the visual cortex, 

indicating that the early stages of sensory processing play a critical role in learning and memory 

consolidation.  
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S17-01 

Spying on endocannabinoid dynamics in vivo by constructing 

genetically-encoded GRAB sensors 

 

Yulong Li 

Peking University 

 

Abstract: Endocannabinoids (eCBs) are retrograde lipid neuromodulators involved in many 

physiological and pathological important processes including learning and memory. A 

longstanding yet largely unmet goal is to measure eCB dynamics reliably and specifically with 

high spatiotemporal precision, particularly in animals executing complex behaviors. Here, we 

developed a novel genetically-encoded fluorescent eCB sensor (GRAB-eCB) based on the 

human CB1 receptor and a circular permutated EGFP (cpEGFP). GRAB-eCB retains the 
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molecular specificity & affinity of native CB1 receptor and exhibits ~second kinetics and large 

fluorescent increase (up to ΔF/F0 ~800% in neurons) to eCBs. GRAB-eCB is capable of 

reporting eCB signals in cultured neurons and acute brain slices. In living mice, GRAB-eCB 

can depict running or foot-shock triggered eCB dynamics in hippocampus and amygdala, 

respectively. Finally, co-expressing GRAB-eCB with calcium indicator jRGEGO1a resolves 

eCB waves in green and neuronal activity in red simultaneously during an epileptic event in 

vivo. Thus, GRAB-eCB sensor provides a powerful new tool to study eCB dynamics in vivo. 

Additional GRAB sensors can be similarly developed to expand the detection repertoire of other 

important neurochemicals, such as monoamines, purinergic transmitters and neuropeptides.  

 

内源大麻素作为一种脂类逆行性神经调质，参与到包括学习和记忆等众多重要的生理病

理过程当中。精确的、高时间空间分辨率地（特别是在复杂的动物行为中）检测体内内

源大麻素的动态信号是领域内一个长期未解决的问题。在此，我们基于人的大麻素受体

CB1和循环重排的绿色荧光蛋白 cpEGFP开发了一个新型的基因编码的内源大麻素荧光探

针 GRAB-eCB。该探针有着和 CB1 类似的分子特异性和亲和力，对内源大麻素的检测有

秒级的动力学特性和大的荧光信号变化（在神经元上有 800%的信号）。GRAB-eCB 实现

了在培养的神经元和急性脑片上对内源大麻素的实时检测。在活体小鼠上，GRAB-eCB

检测到了跑步和脚部电击分别在海马体和杏仁核所引发的 eCB 信号变化。最后，GRAB-

eCB和红色的钙探针 jRGECO1a一起同时检测到了活体小鼠在癫痫发作时海马体上的 eCB

波和钙信号。综上，GRAB-eCB 探针为研究活体 eCB 动态信号提供了有力的新工具。类

似的 GRAB 探针的后续开发将不断扩大我们检测其他如单胺类、嘌呤类和神经肽类等多

种重要的神经化学物质的能力。 
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Abstract: The innate defensive behaviors triggered by environmental threats play a critical role 

in animal survival. Among these behaviors, defensive attack physically toward threatening 

target (e.g., predator) is the last line of defense to struggle for survival. How the brain 

transforms threat-relevant sensory information into defensive attack remains poorly understood. 

We found that noxious mechanical force in an inescapable context was a key stimulus to trigger 

defensive attack in laboratory mice. The mechanically evoked defensive attack was abrogated 

by photoinhibition of vGAT+ neurons in the anterior hypothalamic nucleus (AHN). The AHN 

vGAT+ neurons encoded the intensity of mechanical force and were innervated by brain areas 

related to pain and attack. Activation of these neurons triggered biting attack toward a predator, 

while suppressing other ongoing behaviors. The efferent pathway from AHN vGAT+ neurons 

to the periaqueductal gray was both sufficient and necessary for mechanically evoked defensive 

attack. Together, these data reveal a GABAergic brain circuit engaged in converting noxious 

mechanical stimuli to neural signals that provoke defensive attack in mice. 
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S17-03 

Central Neural Regulation of Bone Metabolism 

 

Fan Yang 

Shenzhen Institute of Advanced Technology 

 

Abstract: Homeostasis of bone metabolism is regulated by the central nervous system, and 

mood disorders such as anxiety are associated with bone metabolism abnormalities, yet our 

understanding of the central neural circuits regulating bone metabolism is limited. Here, we 

demonstrate that chronic stress in crewmembers resulted in decreased bone density and elevated 

anxiety in an isolated habitat mimicking a space station. We then used a mouse model to 

demonstrate that GABAergic neural circuitry in the ventromedial hypothalamus (VMH) 

mediates chronic stress-induced bone loss. We show that GABAergic inputs in the dorsomedial 

VMH arise from a specific group of somatostatin neurons in the posterior region of the bed 
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nucleus of the stria terminalis, which is indispensable for stress-induced bone loss and is able 

to trigger bone loss in the absence of stressors. In addition, the sympathetic system and 

glutamatergic neurons in the nucleus tractus solitarius were employed to regulate stress-induced 

bone loss. Our study has therefore identified the central neural mechanism by which chronic 

stress-induced mood disorders, such as anxiety, influence bone metabolism. 
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Stressful CRH Neurons 

 

Ming Chen, Yuan Yuan, Wei Wu, Ji Hu 

ShanghaiTech University 

 

Abstract: To benefit from opportunities and cope with stress in the environment, animals must 

adapt their behavior to avoid danger and to maximize rewards. We are focusing on dissecting 

the neural circuits underlying stress and reward. Specifically, we found that corticotrophin -

releasing hormone (CRH) neurons in paraventricular nucleus (PVN) organize adaptive stress 

response by complementarily integrating reward and stress signals. Also, we found that PVN 

and CeA CRH neurons are the command center of brain–spleen pathway in mice, through which 

behaviour can modulate adaptive immune responses. Together, these knowledges may provide 

guidance for developing novel treatment strategies for neuropsychiatric diseases, such as 

depression and anxiety. 
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A subcortical visual circuit for the spatial memory-promoting 

effects of bright light treatment 

 

Chaoran Ren 

Jinan University 

 

Abstract: Light exerts profound effects on cognitive functions across species, including 

humans. However, the neuronal mechanisms underlying the effects of light on cognitive 

functions are poorly understood. Here we show that long-term exposure to bright light treatment 

promotes spatial memory through a di-synaptic visual circuit related to the nucleus reuniens 

(Re). Specifically, a specific subtype of retinal ganglion cells (RGCs) innervate CaMKIIα 

neurons in the thalamic ventral lateral geniculate nucleus and intergeniculate leaflet 

(vLGN/IGL), which in turn activate CaMKIIα neurons in the Re. Specific activation o f 

vLGN/IGL-projecting RGCs, activation of Re-projecting vLGN/IGL neurons, or activation of 

postsynaptic Re neurons is sufficient to promote spatial memory. Furthermore, we demonstrate 

that the spatial memory-promoting effects of bright light treatment are dependent on the 

activation of vLGN/IGL-projecting RGCs, Re-projecting vLGN/IGL neurons, and Re neurons. 

Our results reveal a dedicated subcortical visual circuit that mediates the spatial memory-

promoting effects of bright light treatment. 
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A circuit from dorsal hippocampal CA3 to parvafox nucleus 

mediates chronic social defeat stress-induced deficits in 
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Jian-Guo Chen, Yang Liu, Si-Long Deng 

Department of Pharmacology, Tongji Medical College, Huazhong University of Science and 

Technology, Wuhan 430030, China 
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Abstract: The preference of social novelty is crucial to the social life of humans and rodents. 

However, the neural mechanisms underlying social novelty preference are poorly understood. 

Here, we found that chronic social defeat stress (CSDS) reduced the preference of social novelty 

in mice by impairing the response of CaMKIIα+ neurons in the CA3 region of dorsal 

hippocampus (dCA3) during approach an unfamiliar mouse. The deficits of social novelty 

preference in CSDS-treated mice was reversed by activing the output from dCA3 to the 

GABAergic neurons in lateral septum (LS). The activation of GABAergic projection from LS 

recruited a circuit that inhibited the Foxb1-positive neurons in the parvafox nucleus (PFN), 

which drove the social avoidance by projecting to lateral periaqueductal gray (lPAG). These 

results suggest that a novel circuit of dCA3CaMKIIα+→LSGABA+→PFNFoxb1+→lPAG 

mediates the deficits of social novelty preference induced by CSDS. 
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S18-01 

The Gelation of CAG Repeat Expansion RNAs Suppresses 

Global Protein Translation 

 

Boxun Lu 

Fudan University 

 

Abstract: RNA molecules with the expanded CAG repeat (eCAGr) undergo liquid-to-gel phase 

transitions rapidly, but the nuclear eCAGr RNA foci display liquid-like properties, different 

from their gel-like behaviour in vitro. The functional impact of this RNA gelation is also 

completely unknown. Here we demonstrate that eCAGr RNA may form gel-like foci in the 

cytoplasm that are rapidly degraded by the lysosomes. These RNA foci may lead to a drastic 

reduction of the global protein synthesis rate in cells and in vitro, possibly by sequestering the 

key protein translation elongation factor EEF2, which forms puncta colocalizing or surrounding 

the eCAGr RNA foci. Disrupting the eCAGr RNA gelation partially restored the global protein 

translation rate whereas the induction of enhanced gelation by an optogenetic system further 

exacerbated this phenotype. Finally, EEF2 puncta were significantly enhanced in brain slices 

from a mouse model and patients of Huntington’s disease, which is a CAG expansion disorder 

expressing eCAGr RNAs. Our study demonstrates the RNA gelation inside the cells and reveals 

its functional impact, providing new angles for understanding pathological mechanisms of 

repeat expansion diseases and global protein translation regulation. 
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S18-02 

Identification of a Novel Gene, UBAP1, Causing Pure 

Hereditary Spastic Paraplegia 

遗传性痉挛性截瘫新致病基因 UBAP1 的发现及功能鉴定   

 

Chen, Wan-Jin 

Department of Neurology and Institute of Neurology, The First Affiliated Hospital of Fujian 

Medical University 

 

Abstract: Hereditary spastic paraplegia (HSP) is a heterogeneous group of neurodegenerative 

diseases characterized by progressive spasticity and weakness in the lower limbs. Though the 

causative genes and subtypes of HSP are increasingly found, nearly 50% of HSP cases lack 

genetic diagnosis.  

To expand the genetic spectrum of HSP, we performed whole exome sequencing (WES) in two 

Chinese families with an autosomal dominant hereditary spastic paraplegia without known HSP 

pathogenic genes. WES showed that two families shared the same candidate HSP-causative 

gene UBAP1, carrying c.247_248insGTGAATTC and c.G526T mutations, respectively. Using 

Sanger sequencing, we found two additional heterozygous mutations of UBAP1 in another two 

AD-HSP families: c.425_426delAG and c.324_325delCA. All of these UBAP1 mutations co-

segregated with a pure lower limb spastic paraplegia phenotype in corresponding families 

completely. 

UBAP1 protein is incorporated into endosomal sorting complexes required for transport 

complex I and binds ubiquitin to function in endosome sorting. In vivo, downregulation of 

Ubap1 in zebrafish by morpholino caused abnormal organismal morphology, inhibited spinal 

motor neuron outgrowth, decreased mobility, and shorter lifespan. Patient-derived truncated 

form(s) of UBAP1 cause aberrant endosome clustering, pronounced endosome enlargement, 

and cytoplasmic accumulation of ubiquitinated proteins in HeLa cells and primary mouse 

cortical neurons. In addition, deletion of Ubap1 in primary cortical neurons derived from 

Ubap1flox/flox mice appeared dysregulation of both early endosome processing and 

ubiquitinated protein sorting. Also, in some distal axon of Ubap1 deletion neurons, we observed 

swelling, a common neurodegenerative phenotype, potentially mediated by apoptosis. 
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In general, our study provides genetic and biochemical evidence that UBAP1 is the causative 

gene of pure hereditary spastic paraplegia.  
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Mitochondrial HSF1 triggers neurodegeneration by disrupting 

dynamic balance and mtDNA replication in Huntington’s 

disease 

 

Xing Guo 

Nanjing Medical University 

 

Abstract: Aberrant localization of proteins to mitochondria disturbs mitochondrial function 

and contributes to the pathogenesis of Huntington’s disease (HD). However, the crucial factors 

and the molecular mechanisms remain elusive. Here, we found that heat shock transcription 

factor 1 (HSF1) accumulates in the mitochondria of HD cell cultures, a YAC128 mouse model, 

and human striatal organoids derived from HD induced pluripotent stem cells (iPSCs). 

Overexpression of mitochondria-targeting HSF1 (mtHSF1) in the striatum causes 

neurodegeneration and HD-like behavior. Mechanistically, mtHSF1 facilitates mitochondrial 

fission by activating dynamin-related protein 1 (Drp1) phosphorylation at S616. Moreover, 

mtHSF1 suppresses single-stranded DNA binding protein 1 (SSBP1) oligomer formation, 

which results in mitochondrial DNA (mtDNA) deletion. Suppression of HSF1 mitochondrial 

localization by DH1, a unique peptide inhibitor, abolishes HSF1-induced mitochondrial 

abnormalities and ameliorates deficits in an HD animal model and human striatal organoids. 

Altogether, our findings describe an unsuspected role of HSF1 in contributing to mitochondrial 

dysfunction, which may provide a promising therapeutic target for HD. 
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The structural basis of reversible fibril involved in phase 

separation and neurodegenerative diseases  

 

Cong Liu 

Interdisciplinary Research Center on Biology and Chemistry, Shanghai Institute of Organic 

Chemistry, Chinese Academy of Sciences, Shanghai 201210, China; 

 

Abstract: Pathological amyloid fibrils are characteristic of highly thermostable cross-β 

structure. However, the stable cross-β architecture cannot explain the reversible amyloid fibrils 

formed by RNA-binding proteins such as hnRNPA1 and FUS that is involved in the dynamic 

assembly of stress granules. Here we found that the reversible amyloid cores (RACs) of FUS 

and hnRNPA1 that can form reversible amyloid fibrils under the regulation of temperature and 

phosphorylation. We determined the atomic structures of the RACs in fibrillar forms by micro-

electron diffraction and X-ray diffraction. Combined with biochemical and cellular experiments, 

we reveal the structural basis of reversible amyloid formation regulated by phosphorylation, 

and explains how ALS disease-associated mutation abolishes reversibility of RACs which 

results in abnormal aggregation observed in the brain of ALS patients. Our study sheds light on 

understanding not only the dynamic amyloid formation in RNA granules but also how the 

dysregulation of reversible amyloid leads to diseases. 
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Multiple chaperones function as autophagic receptors for 

aggreghagy 
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Liang Ge 

Tsinghua University 

 

Abstract：Accumulation of misfolded proteins is a key landmark of neurodegeneration. 

Autophagy maintains proteostasis via degrading misfolded protein aggregates the process of 

which is termed aggrephagy. How autophagic membranes recognize protein aggregates for 

selective clearance has been a central and yet unclear question. Here we established an in vitro 

reconstitution approach to recapitulate autophagic membrane association with protein 

aggregates. Via proteomic analysis, we found that multiple chaperone proteins are involed in 

regulating autophagic membrane recruitment to toxic protein aggregates and mediate their 

clearance via autophagy. These chaperones associate with the autophagic membrane marker 

LC3, which is required for aggrephagy. Chaperones act independent of ubiquitination and the 

known autophagy receptors P62 and NBR1. Therefore, the data indicate that multiple 

chaperones may act as novel autophagy receptors regulating the clearance of aggregated 

proteins. 
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G3BP phase separation in stress granule assembly and 

implications in ALS 

 

杨培国, 特聘研究员 

西湖大学 

15057191272, yangpeiguo@westlake.edu.cn 

 

Abstract ： ALS is a devastating neurodegenerative diseases with the hallmark of the 

accumulation of RNA binding proteins in affected neurons, including TDP43. Current 

hypothesis holds that dysregulation of RNA granules dynamics and material properties is 

strongly implicated as a factor in neurodegenerative disease, including ALS. Many of ALS 

related genes encode stress granule proteins and mutations in the IDR of several related proteins 

dysregulate the dynamic of SGs. I will introduce my work of the identification of core SG 

mailto:yangpeiguo@westlake.edu.cn
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component G3BP proteins and the possible underlying principles of liquid-liquid phase 

separation of G3BP in the assembly of SG.  
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Cellular and Molecular Regulation of Adult Neurogenesis 

 
Weixiang Guo 

 

State Key Laboratory for Molecular and Developmental Biology, Institute of Genetics and 

Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China 

E-mail:wxguo@genetics.ac.cn 

 

 

Abstract: The precise control of neurogenesis is required for normal brain function, which is 

tightly regulated by combinatorial functions of extrinsic signals and intrinsic programs. 

Pathological disturbance of this process contributes to the symptomatology of many 

neurological disorders. In the adult mammalian brain, newborn granular neurons are 

continuously integrated into hippocampal circuitry throughout life, and the fine-tuning of this 

process is important for hippocampal function. Our studies focuses on understanding the 

mailto:ericfee@ustc.edu.cn
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molecular mechanisms that regulate adult hippocampal neurogenesis, as well as the interactive 

regulation of neuronal development and integration by neural stem cell population in 

neurogenic niches, which can not only shed light on the processes that govern the functional 

integrity of the adult brain, but provide valuable insights into neurological disorders.  

 

Keywords: Neural stem cells, Neurogenesis, Niche 
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Versatile roles of chromatin remodeler CHD7 during brain 

development 

 

Weijun Feng 

Fudan University 

 

Abstract: Single mutation of genes encoding chromatin remodelers leads to various 

neurodevelopmental diseases, highlighting their critical roles in brain development. We herein 

study neurodevelopmental function of the chromodomain helicase DNA-binding protein 7 

(CHD7), a chromatin remodeler with its mutation causing a severe developmental disease 

CHARGE syndrome. Intriguingly, CHD7 exhibits a very specific and dynamic expression 

pattern in the brain. Genetic inactivation of Chd7 in adult neural stem cells or cerebellar granule 

neuron progenitors lead to the impairment of adult neurogenesis or cerebellar hypoplasia, 

respectively. Ongoing study in my laboratory demonstrates that CHD7 is a critical chromatin 

remodeler during neurulation, via activating key neurogenic transcription factors to promote 

the transition from neuroepithelia to radial glia.  Altogether, our comprehensive analyses reveal 

a mechanism with chromatin remodeler governing brain development via controlling a core 

transcriptional program for neural differentiation. These results help us understand the 

pathogenic mechanism of CHARGE syndrome and reinforce our knowledge about the 

indispensable role of chromatin regulation during neurodevelopment. 
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Defective metabolism of Ac-CoA involved in neuronal 

developmental disorders in mice 

 

Zi-Xuan HE, Jun MA, Zhen-Kai XING, Lu-Qing ZHANG, Hua-Li YU, Xiao-Xiao HE, Yao-Wu 

ZHENG and Xiao-Juan ZHU* 

 

Key Laboratory of Molecular Epigenetics Ministry of Education, Northeast Normal University, 

Jilin, Changchun, 130024, China 

 

*Corresponding author 

Email: zhuxj720@nenu.edu.cn 

 

Abstract: Cellular metabolisms play key roles in proper brain development and homeostasis. 

However, we know relatively little about metabolism pathways and regulatory proteins in the 

development and related disorders. Acetyl coenzyme A (Ac-CoA) is an important intermediate 

metabolism molecule, which the metabolic balance is closely related to the neurological 

disorders. DIP2 is a recently characterized noncanonical Ac-CoA synthetase containing two 

adenylate-forming domains Class I superfamily. In mammals, DIP2 family includes three 

members, DIP2A, DIP2B and DIP2C. Human genetic studies have shown that mutations in 

members of the DIP2 family are related to Down's syndrome, folate sensitive mental retardation 

and developmental delay. In our previous work, we show that DIP2A regulates neuronal 

morphogenesis during development, which loss of function associates with autism. Here we 

found that Dip2b knockout led to excessive axonal outgrowth in culture neurons. The Dip2b 

knockout mice exhibited defects in memory and synaptic transmission for both spontaneous 

and rapid release. These findings reveal a new conserved regulator of neuronal morphology and 

provide a novel intervention mechanism for neurocognitive disorders. 

mailto:zhuxj720@nenu.edu.cn
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Key words: Acetyl coenzyme A; DIP2; neuronal developmental disorders, cellular 

metabolisms    
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Cytoskeletal regulation of neuronal migration and integration  

 

Yuewen CHEN, Zhenyan XU, Jing CHEN, Yu CHEN* 

 

The Brain Cognition and Brain Disease Institute, Shenzhen Institute of Advanced Technology, 

Chinese Academy of Sciences; Shenzhen–Hong Kong Institute of Brain Science-Shenzhen 

Fundamental Research Institutions, Shenzhen, Guangdong 518055, China 

 

* Corresponding author 

E-mail: yu.chen@siat.ac.cn 

 

Abstract: The well-organized six-layered architecture of neocortex arises from a 

spatiotemporally controlled process called neuronal migration, which is vital for complex 

cognitive and motor functions. Aberrant neuronal migration leads to improper cortical 

lamination and circuit integration, concomitant with the occurrence of various developmental 

brain disorders. In this study, we identified that Coronin 2B, a member of an evolutionarily 

conserved cytoskeleton regulatory protein family, is specifically enriched in the central nervous 

system and essential for the radial migration of cortical neurons initiated from the ventricular 

zone and subventricular zone. In utero suppression of Coronin 2B function arrested the 

migrating neurons in the intermediate zone by disrupting the multipolar-bipolar transition 

process, preventing the entry of neurons into the cortical plate. The ectopic neurons exhibited 

deficits in differentiation and integration, which is associated with abnormal behaviora l 

performance. We further demonstrated that Coronin 2B maintained the dynamics of actin 

cytoskeleton during neuronal migration through regulating the small Rho-GTPase-mediated 

actin depolymerizing activity. These findings establish a novel Coronin 2B-dependent 
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mechanism underlying neuronal migration and integration, providing insights into the 

pathogenesis of neurodevelopmental disorders. 

 

Key words: cytoskeleton, neuronal migration, neuronal development, cortical development, 

coronin 
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Shedding light on Chandelier cell microcircuit formation 

 

Yilin Tai 

复旦大学脑科学研究院 

 

摘要：皮层中间神经元具备轴突靶向支配的能力赋予了神经网络构架和计算的高度精密

性，可调性和复杂性。吊灯样细胞作为皮层中间神经元中最为特化的一类，特异地支配

锥体神经元轴突起始段，形成轴突-轴突型突触。轴突起始段是动作电位起始发放的位置, 

有且仅接收 GABA 能突触传递，其中绝大部分来自于吊灯样细胞。一个吊灯样细胞可以

同时支配数百个锥体神经元，因此人们猜测吊灯样细胞对神经网络活性调控起着关键作

用。然而受限于吊灯样细胞标记手段的匮乏，我们对吊灯样细胞发育的过程、选择性支

配 AIS 的机制及功能并不清楚。我们的工作发现，吊灯样细胞的发育进程较其它中间神

经元种类更晚，其特征性轴突末端的发育依赖于 DOCK7-ErbB4 信号通路的激活。锥体神

经元轴突起始段细胞粘附分子 L1CAM 对指导和稳定吊灯样细胞轴突靶向支配起关键调控

作用。对吊灯样细胞微环路形成分子机制的研究将有助于我们进一步了解中间神经元轴

突靶向支配的机制，从而为理解中间神经元多样性的生物学意义提供更多的研究手段。 

 

Abstract：Specific subcellular targeting of cortical interneurons enables them to modulate the 

neural network activity with high precision, adjustability and complexity. As one of the most 
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distinguished interneurons, chandelier cells specifically innervate on axon initial segment of 

pyramidal neurons to form axo-axonic synapses. Axon initial segment, where action potential 

is initiated, receives exclusively GABAergic input mostly from chandelier cells. As one 

chandelier cell is capable to innervate hundreds of pyramidal neurons, it is believed to exert 

crucial roles in regulating network activity. However, due to the lack of biological markers, we 

know little about their developmental process, the mechanism of axon initial segment targeting 

and their function. We found that the developmental process of chandelier cells is delayed 

compared with other types of interneurons. The DOCK7-ErbB4 signaling pathway is critical 

for chandelier cartridge and bouton development. L1CAM, which is an axonal adhesion 

molecule, attracts and stabilizes chandelier cell innervation on axon initial segment. 

Understanding the molecular mechanisms that regulate chandelier cell microcircuit formation 

will gain insight on how interneurons achieve axonal targeting on specific subcellular domain, 

which will allow us to further decipher the functions of diverse interneuron cell types.  
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S20-01 

Paraventricular nucleus of the hypothalamus is critical for the 

pathogenesis of hypersomnolence 

 

Wei-Min QU*, Yi-Heng ZHONG, Chang-Rui CHEN, Zhi-Li HUANG* 

Department of Pharmacology, School of Basic Medical Sciences; State Key Laboratory of 

Medical Neurobiology and MOE Frontiers Center for Brain Science, and Institutes of Brain 

Science, Fudan University, Shanghai 200032, China 

 

*Corresponding author 

E-mail: quweimin@fudan.edu.cn, hunagzl@fudan.edu.cn 

Abstract: Objective Adequate wakefulness is fundamental for proper daytime functions. 

However, the wake-promoting nuclei still remain to be elucidated. We observed that three 

patients with lesion around the paraventricular nucleus of the hypothalamus (PVH) showed 

mailto:hunagzl@fudan.edu.cn
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hypersomnolence lasting more than 20 h per day. Therefore, we speculated that the PVH, in 

which most of neurons are glutamatergic, may be one of the key arousal-controlling centers. 

Methods We determined the roles of PVHvglut2 neurons in the sleep-wake regulation by using 

vesicular glutamate transporter 2 (Vglut2)-cre mice together with fiber photometry, 

multichannel electrophysiological recordings and genetic approaches. Results We found that 

PVHvglut2 neurons exhibited the highest activities during wakefulness. Chemogenetic activation 

of PVHvglut2 neurons induced wakefulness for 9 h, and photostimulation of PVHvglut2→the 

parabrachial complex/the ventral lateral septum circuits immediately drove transition from 

sleep to wakefulness. Most importantly, lesion or chemogenetic inhibition of PVHvglut2 neurons 

dramatically decreased wakefulness. Conclusion The PVH is critical for arousal promotion and 

maintenance in both human and rodents. 

Keywords: Hypersomnolence; Wakefulness; Paraventricular nucleus of the hypothalamus; 

Chemogenetics; Optogenetics 

 

 

Back to top ↑ 

 

 

S20-02  

丘脑室旁核介导感觉刺激调控觉醒的神经环路机制 

 

胡志安 1, *  

 

1, 陆军军医大学基础医学院生理学教研室，重庆，400038 

*通讯作者: Email：zhianhu@aliyun.com 

 

目的：觉醒状态受外界环境和机体内部感觉信息的影响，然而感觉信息调控觉醒的机制

尚未充分阐明。丘脑室旁核（paraventricular thalamus, PVT）是重要的觉醒调控核团，其

活动促进睡眠向觉醒的转换。此外，PVT 神经元可被多种感觉刺激激活，并编码感觉刺

激的显著性与效价，提示 PVT 可能介导感觉刺激诱发的觉醒活动变化。为此，本研究旨

mailto:zhianhu@aliyun.com


The 14th Annual Meeting of Chinese Neuroscience Society 

在研究 PVT 在感觉刺激诱发觉醒中作用，并进一步探究感觉刺激影响 PVT 活动的神经环

路基础。方法：采用光纤记录技术，研究不同感觉刺激对 PVT 活动的影响；采用光遗传

学方法，研究 PVT 在感觉刺激诱发觉醒中作用；采用环路示踪方法，研究感觉刺激影响

PVT 活动的神经环路基础。结果：1. PVT 可被痛觉、温度觉、触觉、听觉和嗅觉等多种

感觉刺激激活；2. 光遗传激活 PVT 诱发觉醒水平增高，表现为瞳孔直径放大；3. 在给予

感觉刺激时同步抑制 PVT 活动，可降低感觉刺激诱发觉醒水平增高及睡眠向觉醒的转换。

结论：PVT 介导感觉刺激对觉醒活动的影响。 

关键词：觉醒；感觉刺激；丘脑室旁核 
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S20-03 

估计随机反应的最小重复试验次数——以修订版昏迷恢复

量表为例 

 

狄海波 

武警浙江省总队医院 

 

摘要: 

目的：本研究的目的是开发一种通用方法，用于估计在有一定漏诊率的情况下检测具有

随机反应性患者所需重复试验的最小次数。 

方法：基本统计理论被应用来开发该方法。作为一项应用，100名意识障碍（DOC）患者

通过修订版昏迷恢复量表（CRS-R）进行评估。DOC 患者在 20 天内接受 13 次检查，而

在任何一轮中被诊断为最小意识状态（MCS）的患者在随后的几轮中不需要接受检查。

为验证方法的有效性，在 3 种 p 分布、5 种 p 值和 4 种样本大小所有可能组合的情况下，

一系列的随机模拟由电脑软件完成并重复了 100 次。 
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结果：我们开发了一系列公式来估计患者对单次检查阳性反应的概率，以及基于第 i

（i=1,2，…）轮次重复检查中检测到的患者数量所需最少连续检查次数。对于通过 CRS-

R评估的DOC患者，漏诊率低于0.0001，创伤性脑损伤患者的最低检查次数估计为 6次，

非创伤性脑损伤患者的最低检查次数为 5次。仿真结果表明，该方法在实践中可能出现的

各种条件下都取得较好的效果。 

说明：本文提出的方法在理论上是成立的，在应用和随机模拟中效果很好。它可以应用

在任何其他类型的随机反应性检查，而不局限于检测 MCS 的 CRS-R；这应该是通过进一

步的研究来验证。 

关键词：重复试验，随机反应性，诊断，昏迷恢复量表修订版，意识障碍，最小意识状

态，随机模拟。 
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Brian lateralization and disorders of consciousness 

 

Qiu-You XIE1*, Bao-Lin CAO1, Wan-Chun WU1, Cheng-Wei XU1, Qi-Mei LIANG1, Qiu-Lan 

LIANG1 

 

1 Joint research centre for disorders of consciousness, Zhujiang Hospital, Southern Medical 

University, Guangzou 510282, China 

 

*Corresponding author  

E-mail: xqy7180@163.com  

 

Abstract: Objective Disorders of consciousness (DOC) is the most severe complicaiton of 

acquired brain injury. The mechanism of DOC remains unknown and is a great challenge to 
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clinical management and neuroscience research. This review is to explore the mechanism of 

disorder of consciousness according to brain lateralization. Mehods Newly published 

literatures were selected and analyzed by using keywords research in Pubmed. Theories of 

conssciousness and neural correlate of consciousness were interpreted. The concept of brain 

lateralization were introduced to DOC. Result Nowadays the mainstream theory about 

consciousness includes Global Neuronal Workspace (GNW) and Integrated Information Theory 

(IIT). The former emphasizes the prefrontal cortex otherwise the latter considers post parietal 

cortex most important for consciousness sustainment. Brain lateralization points out certain 

cognitive function rely on different brain regions located in two hemisphere.Conclusion To 

explore the mechanism of DOC by brain lateralization would give us another pathway to deepen 

the understanding of DOC. 

Keywords: disorders of consciousness; brain lateralization; mechanism 
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S20-05 

意识障碍脑功能评估新进展及思考 

 

何江弘 

首都医科大学附属北京天坛医院神经外科  

 

摘要：慢性意识障碍（DOC）俗称植物人，检测与评估患者意识水平对诊疗策略具有决

定性意义，同时，从活动较为简单的 DOC 大脑提取意识相关机制及环路信息，能够加深

意识机制的理解。目前脑功能评估除临床检测外，还包括脑成像及神经电生理技术。近

年来研究发现，DOC 人群中具有不同的意识水平，但受到病人异质性及脑结构损坏等因

素影响，结果的可靠性及稳定性尚不够理想，尤其个体化诊断尚没有找到有效的解决办

法。同时，基于单个或几个环路的意识检测，无法体现意识是大脑对信息高度整合这一

基本理论。因此需要更加关注于多个环路以及整体脑网络效能的分析。未来需要更多任

务态检测，连续脑活动以揭示脑复杂信息加工的能力，需要开发针对 DOC 的实验范式及

检测分析方法。借助脑机接口或人机交互不断对结果进行反向验证，都是在未来需要值

得重点研究以及关注的研究趋势与方向。 
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Function of hippocampal formation in memory recall 

 
Zhonghua Dai1,2, Xiaofei Deng1,2, Jing Liang1,2,3,* 

 

1 CAS Key Laboratory of Mental Health, Institute of Psychology, Beijing, China  

2 Department of Psychology, University of Chinese Academy of Sciences, Beijing, China  

3 Sino-Danish College, University of Chinese Academy of Sciences, Beijing, China 

* Corresponding author 

 

Abstract: The abilities to identify novel conspecifics and recall context-associated information 

are vital for gregarious animals and humans. The previous studies imply that hippocampal 
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formation engages in modulating social recognition and context memory recall. However, more 

details need be explored. By optogenetical and calcium imaging methods, we highlighted the 

crucial role of parvalbumin interneurons in ventral hippocampus CA1 for discriminating novel 

conspecifics form other individuals. These findings contribute to our understanding of the 

neuropathology of mental diseases with social memory deficits. Relative to the ventral segment, 

the dorsal part of hippocampus is more involved in contextual and spatial memory. Using 

FosTRAP strategy, we revealed that the dorsal dentate gyrus (dDG) engaged in dynamic process 

of encoding, recall and extinction of contextual memory. Warmup of the dDG neurons through 

activating locus coeruleus-dDG circuit before the context re-exposure facilitated the extinction 

memory formation and the information updating. These data may provide a new approach for 

modifying pathological memories, such as drug addiction.  
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Dysfunction of ventral hippocampal CA1 drives anxiety and 

social memory deficits in Alzheimer’s disease 

 

Ying Yang and Jian-Zhi Wang 

Huazhong University of Science and Technology 

E-mail：yingyang@hust.edu.cn and wangjz@mail.hust.edu.cn 

 

Abstract: Abnormal amyloid-β (Aβ) and tau are characteristic pathologies in Alzheimer’s 

disease (AD). Hippocampus CA1 is vulnerable to AD pathologies and associated with anxiety 

and amnesia. However, the neural circuit mechanisms remain elusive. Here, we dissect 

glutamatergic projections from posterior basolateral amygdaloid (pBLA) to ventral CA1 

Calbindin 1 neurons (vCA1Calb1) in physiological condition. In APP/PS1 mouse model of AD, 

we find that Aβ in pBLA impairs pBLA-vCA1 pathway. Photoactivation of pBLA-vCA1 inputs 

promotes approach behaviors and ameliorates AD-like anxiety in a Calb1-dependent manner. 

For social memory loss in AD mice, we find its association with Tau-impaired vCA1 

microcircuit. Overexpression of human Tau (hTau) in vCA1-PV and glutamatergic neurons 

mailto:yingyang@hust.edu.cn
mailto:wangjz@mail.hust.edu.cn
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impair temporal “recent” and “distant” subject discrimination, respectively. Photoactivation of 

PV and glutamatergic neurons could rescue their insufficient firings and ameliorate hTau-

induced social memory deficits. These data provide novel circuit mechanisms of ventral 

hippocampus in anxiety and social memory loss as seen in AD patients. 
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Dissecting hippocampal circuits in pain modulation 

 

Longyu Ma, You Wan, Ming Yi 

Peking University 

 

Abstract: As one of the most attractive brain regions, the hippocampus is crucial for spatial 

navigation and declarative memory. However, accumulating evidence points to additional 

functions of this region in other behaviors such as feeding and negative affect. In particular, the 

hippocampus has been repeatedly demonstrated to participate in pain modulation. However, 

mechanistic explanation for the involvement of this memory-related region in pain modulation 

is almost completely missing, despite numerous descriptive reports. In past years, we have 

comprehensively investigated mechanisms of hippocampal modulation of pain at molecular, 

neuronal and circuitry levels. In particular, we reveal the significance of differentiating 

different hippocampal subregions and pathways in elucidating their role in pain modulation. 
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Hippocampal Spatial Representations: Integrating 

Environmental and Self-motion Signals 

 

Guifen Chen1,2†, Yi Lu3†, John King4, Francesca Cacucci2*, Neil Burgess1,5* 
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1UCL Institute of Cognitive Neuroscience, University College London, London, United Kingdom; 

2Department of Neuroscience Physiology and Pharmacology, University College London, London, 

United Kingdom; 3State Key Laboratory of Cognitive Neuroscience & Learning and 

IDG/McGovern Institute for Brain Research, Beijing Normal University, Beijing, China; 

4Department of Clinical Educational Health Psychology, University College London, London, 

United Kingdom; 5UCL Institute of Neurology, University College London, London, United 

Kingdom. 

 

*For correspondence: f.cacucci@ucl.ac.uk; n.burgess@ucl.ac.uk 

†These authors contributed equally to this work. 

 

Abstract: It has been established that hippocampal place cells fired when rodents occupied a 

specific region in an open-field environment and grid cells fired when at several locations that 

arranged in a regular hexagonal pattern. Experiments and theories suggested that place cells 

and grid cells 1) received inputs reflecting both environmental and self-motion information, 

and 2) were functionally connected to each other. Yet there were no direct evidence showing 

how the environmental and self-motion inputs separately dictated the function of either place 

cells or grid cells. Here we present a mouse 2D virtual reality (VR) system which allows 

expression of the spatial navigation and neuronal firing patterns characteristic of real open 

arenas (R). With the VR system we were able to isolate the environmental and self-motion 

inputs and manipulate them independently. We recorded electrophysiological signals 

simultaneously from hippocampal CA1 and dorsomedial entorhinal cortex(dMEC) when mice 

navigated in 2D virtual environments. Our results demonstrate that spatial representation in 

place cells and grid cells were affected by both environmental and self-motion cues but with 

different balance and suggest functional independency between place cells and grid cells.  

Keywords: Hippocampal CA1; dMEC; 2D virtual reality; place cells; grid cells 
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Hippocampal Spatial System: Allocentric vs. Egocentric 

Framework 
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Cheng Wang 

Shenzhen Institute of Advanced Technology 

 

Abstract: Spatial signals are prevalent within the hippocampus and its neighboring regions. It 

is generally accepted that these signals are defined with respect to the external world (i.e., a 

world-centered, or allocentric, frame of reference). Recently, evidence of egocentric processing 

(i.e., self-centered, defined relative to the subject) in the extended hippocampal system has 

accumulated. These results support the idea that egocentric sensory information, derived from 

primary sensory cortical areas, may be transformed to allocentric representations that interact 

with the allocentric hippocampal system. We propose a framework to explain the implications 

of the egocentric-allocentric transformations to the functions of the medial temporal lobe 

memory system. 
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Computational Models of the Entorhinal-hippocampal Circuit 

 

Bailu Si 

School of Systems Science, Beijing Normal University  

bailusi@bnu.edu.cn 

 

Abstract: The entorhinal-hippocampal circuit plays a critical role in learning and memory. 

Many space-encoding cells have been found in this circuit, including place cells, grid cells, and 

head-direction cells among them. It is a puzzle how different cells form network to support 

cognitive functions such like spatial navigation. In his talk, I will review new challenges of 

recent experimental findings on theoretical understanding of spatial memory, and report 

progress on modeling the entorhinal-hippocampal circuit. These results may reshape our 
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understandings on the entorhinal-hippocampal circuit, and shed lights on developing brain-

inspired robotic systems. 
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Cdyl deficiency brakes neuronal excitability and nociception 

through promoting Kcnb1 transcription in peripheral sensory 

neurons 

 

Zhao-Wei Sun1*, Jarod M.Waybright3, Serap Beldar4, Lu Chen1, Caroline A. Foley3, Jacqueline L. 

Norris-Drouin3, Tian-jie Lyu1, Aiping Dong4, Jinrong Min4,5,6, Yupu Wang1, Lindsey I. James3† 

and Yun Wang1,2† 
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1L7, Canada 

5Hubei Key Laboratory of Genetic Regulation and Integrative Biology, School of Life Sciences, 
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*These authors contributed equally to this work. 

†To whom correspondence should be addressed. E-mail: ingerman@email.unc.edu.cn, 

wangy66@bjmu.edu.cn 

 

Abstract: Epigenetic modifications are involved in the onset, development and maintenance of 

pain; however, the precise epigenetic mechanism underlying pain regulation remains elusive. 

Here we report that the epigenetic factor Chromodomain Y-like (CDYL) is crucial for pain 

processing. Selective knockout of CDYL in sensory neurons results in decreased neuronal 

excitability and nociception. Moreover, CDYL facilitates H3K27me3 deposition at the Kcnb1 

intron region thus silencing Kv2.1 transcription. Loss function of CDYL enhances the total Kv 

and Kv2.1 current density in dorsal root ganglia (DRG) and knockdown of Kv2.1 reverses the 

phenotypes of Cdyl deficiency mice. Furthermore, using a potent CDYL antagonist we found 

that focal administration blunts the nociception and attenuates neuropathic pain. These findings 

reveal that CDYL is a critical regulator of pain sensation and shed light on the development of 

novel analgesics targeting epigenetic mechanisms. 

Keywords: Chromodomain Y-like (CDYL); Dorsal root ganglia (DRG); neuronal excitability; 

pain hypersensitivity; Kcnb1 
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mTOR-neuropeptide Y signaling sensitizes nociceptors to 

promote neuropathic pain development 
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Lunhao Chen, Yaling Hu, Siyuan Wang, Kelei Cao, Weihao Mai, Wei-Lin Sha, Huan Ma, Yong-

Jing Gao, Shumin Duan, Yue Wang, Zhihua Gao1, 2 

1 Department of Neurobiology and Department of Neurology of Second Affiliated Hospital, NHC 

and CAMS Key Laboratory of Medical Neurobiology, Zhejiang University School of Medicine, 

Hangzhou 310058, China 

2 The MOE Frontier Research Center of Brain & Brain-machine Integration, Zhejiang University 

School of Brain Science and Brain Medicine, Hangzhou 310058, China 

 

Abstract: Neuropathic pain is a refractory condition that involves de novo protein synthesis in 

the nociceptive pathway. The mechanistic target of rapamycin (mTOR), a master regulator of 

protein synthesis has been implicated in pain; however, mechanisms underlying its role in 

neuropathic pain remain unclear. Using a spared nerve injury-induced neuropathic pain model, 

we observed mTOR activation in both dorsal root ganglion (DRG) neurons and spinal microglia. 

However, selective ablation of mTOR in sensory neurons, rather than microglia, delayed 

neuropathic pain development. We further found that activated mTOR was primarily correlated 

with neuropeptide Y (NPY) elevation in injured mechanoreceptors, and that NPY enhanced 

nociceptor excitability via Y2 receptors (Y2R). Ablation of mTOR prevented injury-triggered 

NPY induction and reduced nociceptor hyper-excitability, whereas administration of NPY 

increased nociceptor excitability and restored pain development in a Y2R-dependent manner. 

Our findings reveal an unexpected link between mTOR and NPY in promoting nociceptor 

sensitization and neuropathic pain development.  

 

Key words: mTOR, NPY, neuropathic pain 
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Laminin 1 protects against the comorbidity of neuropathic 

pain and psychiatric disorders through integrin 1-dependent 

actin reorganization 
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Zhen-Zhen Li1, 2#, Wen-Juan Han1#, Zhi-Chuan Sun1#, Yun Chen3, Jun-Yi Sun3, Guo-Hong Cai1, 

Wan-Neng Liu4,1, Tao-Zhi Wang5,1, Yang-Dan Xie3, Hong-Hui Mao1, Fei Wang1, 6, Sui-Bin Ma1, 

Fu-Dong Wang1, Rou-Gang Xie1, Sheng-Xi Wu1,*, Ceng Luo1,* 

 

1 Department of Neurobiology, School of Basic Medicine, Fourth Military Medical University, 

Xi’an 710032, China 

2 Department of Neurosurgery, Xijing Hospital, Fourth Military Medical University, Xi'an, 

710032, China 

3 The Second Regiment, School of Basic Medicine, Fourth Military Medical University, Xi'an 

710032, China 

4 College of Life Sciences, Northwest University, Xi'an, 710069, China 

5 Department of Anesthesiology, The Second Hospital of Jilin University, Changchun 130041, 

China 

6 Medical Experiment Center, Shaanxi University of Chinese Medicine, Xianyang 712046, China 

 

Abstract: Patients with neuropathic pain often experience comorbid psychiatric disorders. 

Cellular plasticity in the anterior cingulate cortex (ACC) is assumed as a critical interface for 

pain perception and emotion. However, substantial efforts thus far are focused on intracellular 

mechanisms of plasticity rather than extracellular alterations that might trigger and facilitate 

intracellular changes. Laminin is a key element of extracellular matrix (ECM) consisting of one 

-, - and -chain and implicated in several pathophysiological processes. Here we show that 

Laminin 1 (Lamb1) in ACC is significantly downregulated upon peripheral neuropathy. 

Knocking down ACC Lamb1 exacerbates pain sensitivity and induces anxiety and depression. 

Mechanistic analysis reveals that loss of Lamb1 causes actin dysregulation via interaction with 

integrin 1 and subsequent Src-dependent RhoA/LIMK/cofilin pathway, leading to abnormal 

spine remodeling and increased AMPARs membrane trafficking, which in turn orchestrates 

structural and functional plasticity of pyramidal neurons and eventually results in pain 

hypersensitivity and anxiodepression. This study sheds new light on the functional capability 

of ECM, Lamb1 in modulating pain plasticity and reveals a novel mechanism that conveys 

extracellular alterations to intracellular plasticity. Moreover, we identify cingulate 

Lamb1/integrin 1 as a novel therapeutic strategy for treatment of comorbidity of neuropathic 

pain and psychiatric disorders. 

Key words: Laminin 1; neuropathic pain; pain hypersensitivity; anxiodepression, ACC 
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A neural circuit for remifentanil-induced postoperative 

hyperalgesia 

 

Yan Jin†, Yu Mao†, Zhi Zhang 

University of Science and Technology of China 

†These authors contributed equally to this work. 

          

Abstract: Remifentanil-induced hyperalgesia (RIH) is a common clinical problem, the neural 

mechanism underlying this process remains elusive. Here, we established a RIH model using 

plantar incisional mice with intravenous injection of remifentanil for during surgery. We found 

that glutamatergic neurons from the ventral posterolateral nucleus (VPLGlu) of the thalamus 

exhibited a significant increase in burst firing, but not tonic firing, in RIH mice. Interestingly, 

photostimulation (594 nm; frequency, 1 Hz; pulse width: 100 ms) evoked burst firing in VPLGlu 

neurons that expressed optogenetic inhibitory virus could drive the plantar allodynia behaviors 

in naïve mice. As an initiative component of burst firing, the expression and function of the 

low-threshold, voltage-gated T-type calcium 3.1 (T-type Cav 3.1) channels were increased in 

VPLGlu neurons in RIH mice. Pharmacological blockade of the T-type Cav 3.1-dependent burst 

activity in VPLGlu neurons relieved RIH. Furthermore, we identified the thalamocortical circuit 

involving VPLGlu neurons projecting to the hindlimb primary somatosensory cortex 

glutamatergic neurons (S1HLGlu), and we found that preoperative pharmacological inhibition 

of bursting of VPLGlu thalamocortical projecting neurons or chemogenetic inhibition of 

S1HLGlu neurons reversed the increased excitability of S1HLGlu neurons and concomitantly 

decreased RIH. Together, our findings suggest that intraoperative application of remifentanil 

induced hyperalgesia by upregulating T-type calcium channel-dependent bursting activity of 

VPLGlu neurons to activate S1Glu neurons.  
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The neural origin of pain-induced gamma-band oscillations 

 

L.P. Yue1,2, L. Hu1,2,* 

 

1CAS Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of 

Sciences, Beijing, China; 2Department of Psychology, University of Chinese Academy 

of Sciences, Beijing, China. 

 

Abstract: Pain-induced gamma-band oscillations (GBOs) are one of the most promising 

biomarkers of perceived intensity of both stimulus-evoked and spontaneous pain in different 

species. However, the low spatial resolution of the neuronal population activity sampled from 

the brain surface and the intrinsic inaccuracy of the source analysis of surface electrocortical 

data make it challenging to identify the neural origin of GBOs unequivocally. To address this 

issue, we simultaneously recorded neural activity epidurally from the brain surface and 

intracortically from several pain-related brain regions in freely-moving rats receiving selective 

stimulation of peripheral nociceptive afferents using radiant heat. This approach enables us to 

assess the relationship of neural responses at different spatial scales. Our results demonstrated 

that pain-induced GBOs measured at the population level reflect neural activity coupled with 

the spike firing of interneurons located in the superficial layers of the primary somatosensory 

cortex contralateral to the side of nociceptive stimulation. 
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Ming Yao 

The First Hospital of Jiaxing & Affiliated Hospital of Jiaxing University 

 

Abstract: Trigeminal neuralgia (TN) is a common cranial nerve disease, which is characterized 

by paroxysmal severe pain in the trigeminal innervation area. At present, the treatment of TN 

is diversified, including drug treatment, nerve block, minimally invasive intervention and 

craniotomy. Among them, radiofrequency thermocoagulation of trigeminal nerve (intracranial 

and extracranial) is a minimally invasive treatment with mature application and high acceptance 

of patients. Classic semilunar ganglion radiofrequency thermocoagulation uses Hartel approach 

to relieve TN by blocking central sensitization. Although the operation is simple and the 

curative effect is obvious, the risk of intracranial infection and hemorrhage caused by breaking 

through the blood-brain barrier are high, and the operation-related complications are serious. 

In order to ensure a good curative effect and reduce the occurrence of complications as much 

as possible, we propose selective extracranial non-semilunar radiofrequency thermocoagulation 

on the basis of intracranial radiofrequency and according to the lesions of different branches. 

Puncture through supraorbital foramen, foramen ovale and foramen ovale was selected for 

single-vessel lesions, and combined radiofrequency thermocoagulation or awake percutaneous 

microballoon compression was used for multi nerve branch lesions. Based on a large cohort 

study, we found that compared with intracranial radiofrequency thermocoagulation in the 

semilunar ganglion, non-inferior therapeutic effect could be achieved after peripheral 

sensitization by extracranial radiofrequency thermocoagulation. It avoids the injury to the 

uninvolved nerve branches by selective radiofrequency to the diseased branches, and more 

importantly, the process of radiofrequency thermocoagulation does not need to break through 

the blood-brain barrier, which reduces the incidence of operation-related complications and 

ensures the curative effect at the same time, it greatly improve the safety of the operation and 

improve the satisfaction of patients. Our studies support the safety and effectiveness of 

extracranial radiofrequency thermocoagulation of trigeminal nerve and provide a new idea for 

the treatment of TN. 
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S23-01 

General Hospital Clinical neuroimmunology: an overview 

 

Shi Fu-dong 

Tianjin Medical University General Hospital 

 

This seminar discuses neuroimmune interactions in heath and diseases, with emphasis on 

multiple sclerosis, neuromyelitis optica spectrum disorders and stroke. It examines the genesis, 

propagation of neuroinflammation and its clinical relevance. It illustrates how research in this 

area has revolutionized management of patients with MS/NMO, and emerging new therapies 

for stroke. It analyses outstanding questions of the field neuroimmunology and propose future 

directions where new investigators are needed. 
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S23-02 

The role of microglia in multiple sclerosis 

 

Zhongwang Yu, Cheng He 

Department of Neurobiology, Second Military Medical University 

800 Xiangyin Road, Shanghai 200433 

 

Abstract: Multiple sclerosis (MS) is an autoimmune demyelinating disease that affects the 

central nervous system (CNS). In the early stages, clinical signs appear in a relapsing–remitting 

pattern, but in the later stage, the disease develops into a secondary progressive phase without 

remission. Currently, no effective treatment is available for progressive MS, and new 

therapeutic strategies are greatly needed. MS, manifested with many phenotypes, is 

characterized by compromised blood-brain barrier permeability, infiltration of peripheral 

immune cells into the brain and spinal cord parenchyma, and glial activation. Microglia are 

crucial in maintaining the homeostasis of the central nervous system and responding to injury 

and disease. As the major innate immune cells in the CNS, microglia play a central role in the 

inflammatory process of MS and in the disruption of neuronal elements within the CNS. In the 

present study, we found that depletion of microglia in the experimental autoimmune 

encephalomyelitis (EAE) model of multiple sclerosis could alleviate the destruction of the 

blood-brain barrier and prevent the development of EAE. The underlying mechanism and 

therapeutic implications were discussed.  
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Department of Neurology and Research Center of Neurology, Second Affiliated Hospital, 

Zhejiang University School of Medicine, Hangzhou 310009, China 

 

Abstract: Multiple sclerosis (MS) and neuromyelitis optica spectrum disorder (NMOSD) are 

both complex immune-mediated inflammatory demyelinating diseases of the central nervous 

system (CNS) and major cause of severe neurologic disability in young adults. The precise 

etiology of MS and NMOSD is still elusive. But converging studies have shown that genetic 

determinants are primarily responsible for the noticeably increased frequency of both disorders 

seen in the relatives of affected individuals. As for MS, genome-wide association studies have 

identified potential more than 200 genetic variants associated with MS susceptibility, and 

variations within the human major histocompatibility complex (MHC) region exert the greatest 

individual effect on risk. Of note, The HLA-DRB*15:01 had the strongest effect on MS 

susceptibility with an average odds ratio of 3.08. In addition, studies identified that risk alleles 

outside the MHC region such as IL7R, IL2RA, TNFRSF1A, TNFSF13B and so on also increase 

the risk for MS. As for NMOSD, the MHC region also contributes to the genetic susceptibility 

to NMOSD as MS. It is well-known that the HLA-DPB1*0501 was associated with NMOSD 

in Japanese and Chinese populations. In addition, our former studies also provided evidence for 

genetic variations confer susceptibility to both conditions. We identified that common variants 

of CYP7A1, CYP27A1, IL7/IL7Ra, EOMES are associated with MS or NMOSD in the Han 

Chinese population. Particularly, our recent research indicates that variants of PRRC2A located 

in MHC III region are predisposing to the development of MS and NMOSD. In summary, those 

identified genetic variants facilitate our understanding of the crucial mechanisms underlying 

the development of MS and NMOSD, and potentially lead to an individualized therapeutic 

approach for both disease entities.  
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Bingwei Wang2, Shuo Yang1 

1Department of Immunology, Key Laboratory of Immunological Environment and Disease, State 

Key Laboratory of Reproductive Medicine, Center for Global Health, Nanjing Medical University, 

Nanjing, China, 211166 

2Department of Pharmacology, Nanjing University of Chinese Medicine, Nanjing, China, 210023 

 

Abstract：Multiple sclerosis (MS) is an incurable and progressive inflammatory disease of the 

central nervous system (CNS) that results in demyelination and chronic neuroinflammation. 

Innate immunity plays a key role in triggering and driving neuroinflammation. Our research 

focuses on understanding how innate immune regulates the occurrence and development of 

heterogenous MS and mainly investigate the new underlying mechanism of innate immune 

molecules regulating the development of MS, which provides new targets for Asian MS that 

does not respond to interferon drugs. Specifically, we found Gasdermin D (GSDMD), the 

executioner of pyroptosis, in peripheral myeloid cells drives neuroinflammation during 

Experimental autoimmune encephalomyelitis (EAE) that is a commonly used experimental 

animal model of MS. The loss of GSDMD reduced the activation and differentiation of T cell 

in the secondary lymphoid organs and prevented T cell infiltration into CNS of EAE. 

Pharmacological inhibition of GSDMD-mediated pyroptosis attenuated CNS inflammation and 

pathogenesis of EAE. Additionally, we found that another important inflammasome sensor, the 

PYHIN family member absent in melanoma 2 (AIM2), negatively regulates the pathogenesis 

of EAE independent of inflammasome activation. We identify microglial AIM2 negatively 

regulates the DNA-PK–AKT3 axis to inhibit neuroinflammation synergistically induced by 

cGAS and DNA-PK and protect against the onset of EAE. Thus, this finding highlights cGAS 

and DNA-PK signaling as potential targets for the treatment of heterogeneous MS. 
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The diagnosis and distinguish of MS and NMOSD 

 

Yangtai Guan 

Department of Neurology, Renji Hospital, School of medicine, Shanghai Jiaotong University 
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Abstract: Although Multiple Sclerosis is the most common central nervous system (CNS) 

inflammatory demyelinating disorder, other CNS inflammatory disorders should be included as 

diagnostic considerations. Neuromyelitis Optica Spectrum Disorder (NMOSD)  share some 

clinical characteristics, such as optic neuritis and myelitis, which can make a specific diagnosis 

challenging. However, some disorders have distinctive and generally different clinical 

phenotypes, prognosis and management. It is imperative to distinguish each from one another, 

especially since the treatments can be different. The advent of reliable testing for anti-

aquaporin-4 for NMOSD has helped significantly; however, diagnosis can remain challenging, 

especially in sero-negative cases. Clinical indicators are important to guide diagnostic work-

up. Careful review of the history, neurological exam, imaging, and/or spinal fluid results are 

essential to making an accurate diagnosis.  
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S23-06 

Inhibition of astrocytic DRD2 suppresses CNS inflammation 

in an animal model of multiple sclerosis 

 

Jia-wei Zhou 

 Institute of Neuroscience, State Key Laboratory of Neuroscience, CAS Center for Excellence in 

Brain Science and Intelligence Technology, Chinese Academy of Sciences, Shanghai, 200031, 

China 

Abstract: Astrocyte activation is associated with progressive inflammatory demyelination in 

multiple sclerosis (MS). The molecular mechanisms underlying astrocyte activation remain 

incompletely understood. Recent studies suggest that classical neurotransmitter receptors are 

implicated in the modulation of brain innate immunity. We investigated the role of DA 

signaling in the process of astrocyte activation. Here, we show the upregulation of dopamine 

D2 receptor (DRD2) in reactive astrocytes in MS brain and non-canonical role of astrocytic 

DRD2 in MS pathogenesis. Mice deficient in astrocytic Drd2 exhibit a remarkable suppression 
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of reactive astrocytes and inflammation which are highly correlated with the amelioration of 

experimental autoimmune encephalomyelitis (EAE). Mechanistically, DRD2 regulates the 

expression of 6-pyruvoyl-tetrahydropterin synthase which modulates NF-B activity through 

protein kinase C-. Pharmacological blockade of astrocytic DRD2 with a DRD2 antagonist 

dehydrocorybulbine remarkably inhibits the inflammatory response in mice lacking Drd2 in 

neurons. Together, our findings reveal previously uncharted roles for a DRD2 in astrocyte 

activation during EAE-associated CNS inflammation. Its therapeutic inhibition may provide a 

potent lever to alleviate autoimmune diseases. 
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S24-01 

The Status and Prospect of Neuromodulation 

 

Jianguo Zhang 

Beijing Tiantan Hospital 

 

Abstract: After more than 20 years of development, neuromodulation, represented by DBS, 

is now the preferred surgical treatment for movement disorders and pain. At the same time, 

neuromodulation also has potential efficacy to address other epilepsy, psychiatric disorders, etc. 

In China, there is a large number of patients with functional brain disorders. Considering 

the large treatment gap, further development of neuromodulation is urgently needed. Overall, 

the application of neuromodulation is promising. 

  

In the future, neuromodulation will gradually develop in the direction of precision, intelligence 

and individualization. Namely, through the analysis of data of both the specific population and 

individuals, patients will be able to obtain targeted treatment plans, which will significantly 
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improve the efficacy of surgery. In the meanwhile, neuromodulation, with the unique capacity 

to obtain the in vivo signal of human brain, not only opens a new door, also works as a powerful 

tool for brain research. 
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S24-02 

基于超材料太赫兹生物传感器的胶质瘤细胞分子分型无标

记快速检测 

 

冯华 1 

1 陆军军医大学第一附属医院神经外科  

 

摘要：脑胶质瘤是当前神经性肿瘤疾病中发病率和恶性程度均高肿瘤疾病，具有侵袭性、

异质性、预后差等特点。目前标准治疗手段为外科手术切除、放疗和化疗相结合的综合

序贯治疗，治疗效果仍非常有限。为进一步发展胶质瘤的精准治疗，目前主张综合考虑

分子病理信息和传统组织学病理信息进行整合诊断，利用分子分型结果指导个性化综合

治疗。在获取胶质瘤样本后尽早确定其分子分型，以更早辅助术中术后治疗决策的需求

非常迫切。本研究基于太赫兹超材料生物传感器，建立了早期快速无标记区分 IDH1 野生

/突变两种胶质瘤细胞的检测方法。通过在生物传感器表面加载人原代胶质瘤细胞进行太

赫兹波谱探测，探究不同类型细胞的振动频率和峰波幅变化及其浓度和种类的相关性。

另外，通过观察超材料传感器共振频率的变化，来进一步区分不同分子分型的胶质瘤细

胞。研究发现，生物传感器表面加载 IDH 突变型和野生型的胶质瘤细胞，其透明峰的频

率偏移和幅值变化可以作为两类细胞的物理分类依据，在不需要引入抗体的情况下，可

数分钟内实现快速早期无标记的胶质瘤分子分型诊断。研究提示太赫兹超材料生物传感

器在识别胶质瘤细胞分子分型中具有巨大的应用潜力，为胶质瘤术中客观病理技术的发

展开辟了新的途径。 

关键词：脑胶质瘤；分子分型；太赫兹波；超材料；生物传感器 
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S24-03 

丘脑前核电刺激治疗难治性癫痫 

 

赵国光 

首都医科大学宣武医院 

 

摘要：癫痫通常被视为一种由神经元兴奋性异常增强和同步化引起的脑部疾病。丘脑前

核的脑深部电刺激(anterior nucleus of the thalamus, ANT)已成为治疗局灶性耐药性癫痫的

一种有前景的疗法。我们通过回顾接受丘脑前核脑深部电刺激治疗的难治性癫痫患者，

阐述该治疗方式的治疗机制、现状及疗效等。 
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The role of PTEN signaling in intracerebral hemorrhage injury 

 

Jing Chenga, Dan Zhaob, Qi Wanc 
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Abstract：L-lysine is a basic amino acid that has been shown to exert neuroprotective effect. 

However, the underlying mechanism remains to be elucidated. In this study, we investigate how 

L-lysine exerts its neuroprotective effect in hemin-insulted mouse cortical neurons in vitro and 

the mouse model of intracerebral hemorrhage (ICH) in vivo. We demonstrate that L-lysine 

treatment promotes M2 microglial polarization and reduces inflammatory response both in vitro 

and in vivo, suggesting that L-lysine may play a neuroprotective role in ICH injury. Indeed, we 

show that L-lysine treatment reduces cortical neuronal death after hemin insult in vitro and 

decrease the number of degenerating neurons after ICH in vivo. L-lysine also improves the 

functional recovery of ICH animals in neurobehavioral tests. Consistent with the role of PTEN 

in regulating inflammatory response, we find that PTEN inhibition promotes M2 microglial 

polarization and suppresses pro-inflammatory response in mouse ICH injury, which contribute 

to the neuroprotective effect of L-lysine. Moreover, our results reveal that microRNA-575 

directly suppressed PTEN to promote M2 microglial polarization and mediate the 

neuroprotective effect of L-lysine in ICH injury. Together, our results suggest that L-lysine 

confers neuroprotection after ICH injury through enhancing M2 microglial polarization and 

reducing inflammatory response, which is mediated by microRNA-575 upregulation and 

subsequent PTEN downregulation. 
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S25-01 

The Human Brainnetome Atlas and its Applications in Brain 

Disorders 

 

Tianzi Jiang 

Institute of Automation, Chinese Academy of Sciences 

 

Abstract: The Human Brainnetome atlas is constructed with brain connectivity profiles 

obtained using multimodal magnetic resonance imaging. It is in vivo, with fine-grained brain 

subregions, and with anatomical and functional connection profiles. In this lecture, we will 

summarize the advance of the human brainnetome atlas, its biological basis and practical 

applications in neuroscience and brain diseases. We first present the basic ideas of the human 

brainnetome atlas and the procedure to construct this atlas. Then some parcellation results of 

the human brain areas with different types of cytoarchitectures will be provided. After that, we 

will present the biological basis of the brainnetome atlas from aspects of genetics, evolution, 
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and relationships between structure and functions of the brain. Next, we will show how to use 

the human brainnetome atlas in practice to address issues in diagnosis and therapy of the brain 

diseases. Finally, we will give a brief perspective in this field.  
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Towards an Objective Evaluation of Depression Level Using 

Multimodal Affective Brain-Computer Interface 

 

Bao-Liang Lu 1,2,3,4,5 

 

1Center for Brain-Like Computing and Machine Intelligence, Department of Computer Science 

and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China 

2Key Laboratory of Shanghai Education Commission for Intelligent Interaction and Cognitive 

Engineering, Shanghai Jiao Tong University, Shanghai 200240, China 

3Qing Yuan Research Institute, Shanghai Jiao Tong University, Shanghai 200240, China 

4Center for Brain-Machine Interface and Neuromodulation, RuiJin Hospital, Shanghai 200025, 

China 

5Rijin-Mihoyo Lab., RuiJin Hospital, Shanghai 200025, China 

 

Abstract: Affective disorders, like depression, become increasingly common. Early detection 

of depression has been challenging since the assessment of depression has largely relied on the 

experience of professional psychiatrists. Affective brain-computer interface (aBCI) recognizes 

and regulates human emotions, which can be used for personalized treatment of affective 

disorders. The closed-loop affective brain-computer interface can realize effective emotion 

regulation after decoding emotions. In the diagnosis and treatment of affective disorders, people 

hope to use the multimodal affect brain-computer interface to evaluate the patient's emotional 

state, and to conduct emotion regulation at the appropriate time. One of the popular approaches, 

deep brain stimulation (DBS) technology, is used to stimulate the corresponding brain regions 
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to achieve optimal emotion regulation. In this talk, we will introduce our recent development 

of aBCI and the ongoing research on objective evaluation of depression level using multimodal 

aBCI for the treatment of refractory depression with DBS. 
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Brain Computer interface with Artificial Intelligence 

 

Dezhong Yao1,2,3,*, Peng Xu1,2, Daqing Guo1,3 

1 The Clinical Hospital of Chengdu Brain Science Institute, MOE Key Lab for NeuroInformation, 

School of Life Science and Technology, University of Electronic Science and Technology of 

China, Chengdu 611731, China 

2 Research Unit of NeuroInformation, Chinese Academy of Medical Sciences, 2019RU035, 

Chengdu, China 

3 Sichuan Institute for Brain Science and Brain-Inspired Intelligence, Chengdu, China 

 

*Corresponding author 

E-mail: dyao@uestc.edu.cn 

 

Abstract: Objective Brain-computer interface (BCI) is a special technology to provide new 

channel for the brain to communicate with computer. It consists of a few basic components 

including brain signal detection, features extraction and mental willingness translation. EEG 

is the most widely used brain signal, and it is usually very noisy, non-stable and weak, 

therefore, EEG-based BCI looks forward to a better signal processing all the time. In recent 

years, artificial intelligence (AI) has been proved to be a promising method to tackle various 

challenges in signal processing and feature extraction. In this work, we want to know whether 

AI can improve the performance of BCI. Methods We test Deep Learning (DL-AI) for the 

feature extraction in both motor imagery and motion-onset VEP BCI, and Digital Twins Brain 

(DTB) model (brain-inspired-AI) for SSVEP BCI. Results (1) With DL-AI, the accuracy of 

BCI may have a significant improvement, especially for subjects with low performance using 

traditional features; (2) DTB may reproduce the all phenomena of SSVEP experiments. 

Conclusion AI is helpful in promote the performance of motor imagery, SSVEP and motion-
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onset VEP BCI. 

Keywords: Brain-computer interface; deep learning; brain-inspired intelligence; motor 

imagery; motion-onset VEP and SSVEP 
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Comprehensive characterization and classification of major 

psychiatric disorders using deep learning 

 

Fei Wang 

Affiliated Nanjing Brain Hospital of Nanjing Medical University, China 

 

 

Introduction 

Phenomenology is currently the sole means for diagnosing major psychiatric disorders (MPDs–

schizophrenia (SCZ), bipolar disorder (BD), and major depressive disorder (MDD)). However, 

significant heterogeneities exist across diagnoses and substantial overlaps subsist among the 

diagnoses, resulting in many patients untreated. Biologically based methods to delineate MPDs 

are desperately needed to advance diagnosis and treatment of MPDs. 

Methods 

A total of 1359 participants with MPDs and healthy controls were included. A novel deep-

learning approach was used for clustering MPDs into subtypes based on regional homogeneity 

(ReHo). The resulting subtypes were validated using polygenic risk scores (PRS), risk gene 

expression, metabolomic profiling, comparison to a rat neurodevelopmental model, and two 

longitudinal clinical trials.  

Results 
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Our novel approach resulted in three MPDs subtypes, Neurodevelopmental, Neurosomatic, and 

Atypical. Neurodevelopmental MPDs had increased ReHo in ventral prefrontal cortex (PFC) 

and decreased ReHo in posterior regions associated with increased PRS-SCZ, PRS-MDD, 

enriched risk gene expression in brain tissues, and specific metabolic changes. Similar ReHo 

alterations were observed in a rat neurodevelopmental model. Neurosomatic MPDs had 

increased ReHo in dorsomedial PFC (DMPFC) and decreased ReHo in posterior regions 

associated with increased PRS-SCZ, enriched risk gene expression in brain and somatic tissues, 

and widespread metabolic changes. DMPFC-repetitive transcranial magnetic stimulation 

reversed ReHo alterations and decreased symptom measures. Atypical MPDs had decreased 

ReHo in the PFC and increased ReHo in posterior regions associated with enriched risk gene 

expression in somatic and stress-related tissues and widespread metabolic changes. Cognitive-

behavioral therapy reversed ReHo alterations and decreased symptom measures.  

Conclusions 

Our deep learning-based multi-omics integration identified three ReHo-based subtypes that 

have differential features in genetic vulnerability, risk gene expression and metabolomic 

profiles. we developed a classification model based on these subtypes and performed treatment 

trials based on this subtyping with promising results and high response rates. The findings 

herein represented proof-of-concept in using biologically-based subtypes to bridge gaps in 

conventional diagnostic categories that are solely based on clinical phenomenology and 

improve treatment targeting and response. 
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Abstract: Alzheimer’s disease (AD) is characterized by progressive dementia, especially in 

episodic memory, and amnestic mild cognitive impairment (aMCI) is associated with a high 

risk of developing AD. The critical role of structural magnetic resonance imaging has also been 

underlined by its inclusion in the criteria for the AD research framework. We believe that a 

comprehensive evaluation of AD-associated brain alteration and its neurobiological basis is 

very important for searching for biomarkers and understanding the pathogenesis of AD. The 

main results of this work including the following aspects:  We formed atrophy maps for 

AD/MCI with quantitative effect sizes for the whole brain through a systematic direct meta -

analysis of 3118 subjects from three sMRI datasets (23 cohorts). We systematically evaluated 

the genetic basis of the general brain structure alterations in MCI and AD, and our results 

provided solid evidence that brain atrophy plays a critical key in dissecting their 

pathophysiology. We also systematically evaluated the AD-associated alterations in region-

specific atrophy, cognition, and brain topographic metabolism patterns and found that atrophy 

in some regions may play a more important role in cognitive decline.  And, we will 

schematically illustrate how to make MRI indices provide novel, robust, and biologically 

plausible insight into how structural brain changes be potential imaging markers for AD. 
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S26-01 

Input associativity underlies fear memory renewal 

 

Tian-Le Xu 

Shanghai Jiao Tong University School of Medicine 

 

Abstract: Synaptic associativity, a feature of Hebbian plasticity wherein coactivation of two 

inputs onto the same neuron produces synergistic actions on postsynaptic activity, is a primary 

cellular correlate of associative learning. However, whether and how synaptic associativity are 

implemented into context-dependent relapse of extinguished memory (i.e. fear renewal) is 

unknown. Here, using an auditory fear conditioning paradigm in mice, we show that fear 

renewal is determined by the associativity between convergent inputs from the auditory cortex 

(ACx) and ventral hippocampus (vHPC) onto the lateral amygdala (LA) that reactivate 

ensembles engaged during learning. Fear renewal enhances synaptic strengths of both ACx to 

LA and the previously unknown vHPC to LA monosynaptic inputs. While inactivating either 

of the afferents abolishes fear renewal, optogenetic activation of their input associa tivity in the 

LA recapitulates fear renewal. Thus, input associativity underlies fear memory renewal.  
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The formation of hippocampal place cells 
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Key Laboratory of Brain Functional Genomics (Ministry of Education), Institute of Brain 

Functional Genomics, School of Life Science, East China Normal University, Shanghai 200062. 

*Corresponding author, E-mail: lnlin@brain.ecnu.edu.cn 

 

Abstract: The hippocampus is essential for the brain function of memory. Most of the 

pyramidal neurons in the hippocampus show firing characteristics of place cells, which is 

believed to be the neural mechanism for the hippocampus to be involved in the formation of 

spatial memory and cognitive map. But the formation of the firing kinetics of place cells is still 

largely elusive. We recorded place cell activities while training rats to shuttle back and forth in 

a two-dimensional U shape track for water rewards. We recorded a total of 515 neurons from 7 

rats, 84.7% of the neurons were characterized as place cells. About 60% of the place cells were 

formed during the first training session, accompanying the acquisition of the shuttle behavior.  

The number of newly formed place cells decreased from S1 to S4. Although certain number of 

place cells disappeared during each training session, the total number of place cells increased 

from S1 to S4. We further examined the formation of place cells during their appearance. Some 

place cells established place selective firing rather quickly. There are also place cells that 

changed continuously during their formation. Specifically, on the width of a place field, the 

start-point and mid-point of a place field will drift gradually towards the direction where the 

animal is coming from, but the end-point of a place field remains constant. The firing rate 

within a place field increased gradually with each shuttle until it peaked. Moreover, we also 

analyzed the directionality of the newly formed place cells. We found certain overlapped areas 

of place fields from two running directions, namely clockwise and counter-clockwise, but they 

differ in both place field sizes and firing rates. These characteristics of the formation of place 

cells reveal the spatial coding mechanism of hippocampal neurons in regulating information 

from other spatially tuned brain areas. 

Key Words: hippocampus, place cell, place field, spatial information encoding 
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S26-03 

Synergistic control of nucleus accumbens in emotional 

memory encoding 

 

Xing Liu （刘星） 

 

State Key Laboratory of Medical Neurobiology, School of Basic Medical Sciences, Shanghai 

Medical College, Fudan University 

 

Abstract: Emotional memory is critical for survival as well as mental health. Our previous 

study shows that D1-engram cells in the nucleus accumbens (NAc) encodes cocaine reward 

memory, and the strengthened synaptic plasticity of vCA1 engram-NAc D1-engram mediates 

cocaine memory retrieval, suggesting that NAc D1 medium spiny neurons (D1-MSN) are 

critically involved in positive memory encoding. The NAc is primarily composed of D1-MSNs 

and D2-MSNs that project through distinct circuits. The NAc has been implicated in 

information processing of both positive (reward) and negative (aversion) valence. How the 

MSNs encode emotional memory are largely unknown.  We recorded the responses of 

projections of D1-MSNs and D2-MSNs to stimuli of positive and negative valences and 

investigated their roles in the storage of rewarding and aversive memory storage. We found 

distinct molecular profiles and electrophysiological properties of VP and VTA projecting D1-

MSNs and D2-MSNs in the NAc. We also examined the regulation of these projections on the 

activity of dopaminergic and GABAergic neurons in the ventral mesencephalon (VM). Our 

results suggest that D1-MSNs and D2-MSNs cooperatively control NAc dopamine balance and 

reward-aversion states. 
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S26-04 

Dopamine Signal Mediates Time-dependent Sensory 

Modification for Rhythmic Behavior 

 

Mingmin Zhou1, Xiaohang Zhang1,2, Jiazhen Wang1, Yang Yang1,2, Jing Guo1, and Yan Li1,2 

 

1Institute of Biophysics, State Key Laboratory of Brain and Cognitive Science, CAS Center for 

Excellence in Biomacromolecules, Chinese Academy of Sciences 

2Colleage of Life Sciences, University of Chinese Academy of Sciences 

 

Abstract: Dopamine signal plays critical roles in learning and memory. It usually carries 

reward or aversive signals for further integration with sensory inputs. In Drosophila central 

nervous system, dopamine neurons have been cataloged into reward- and aversive-neurons. For 

olfactory learning and memory, odor information is carried by the projection neurons (PNs), 

and memory is formed when it is conditioned with dopamine signal. Previous studies showed 

that flies are able to retrieve memory according to when it’s formed. In this study, we found 

that a group of PNs displays distinct odor responses in different time of the day. Interestingly, 

this difference does not come from the primary sensory neurons, instead, it is modified by a 

dopamine signal through inhibitory dopamine receptor D2R. Knocking-down of D2R in the PN 

removed the difference in odor response, as well as the related foraging behavior. Therefore, 

our findings reveal a neural mechanism controlling time-dependent behavior. 
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Gating of hippocampal rhythms and memory by synaptic 

plasticity in inhibitory interneurons 

 

Huan Ma 

Zhejiang University 
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Abstract: Mental experiences can become long-term memories if the hippocampal activity 

patterns that encode them are broadcast during network oscillations. The activity of inhibitory 

neurons is essential for generating these neural oscillations, but molecular control of this 

dynamic process during learning remains unknown. Here we show that hippocampal oscillatory 

strength positively correlates with excitatory monosynaptic drive onto inhibitory neurons (EI) 

in freely behaving mice. To establish a causal relationship between them, we identified 

CaMKII as the long-sought mediator of long-term potentiation for EI synapses (LTPEI), 

which enabled the genetic manipulation of experience-dependent EI synaptic input/plasticity. 

Deleting CaMKII in parvalbumin interneurons selectively eliminated LTPEI, and disrupted 

experience-driven strengthening in theta and gamma rhythmicity. Behaviorally, this 

manipulation impaired long-term memory, for which the kinase activity of CaMKII was 

required. Taken together, our data suggest that EI synaptic plasticity, exemplified by LTPEI, 

plays a gatekeeping role in tuning experience-dependent brain rhythms and mnemonic function. 
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Memory engram coding pattern underlying fear erasure 

 

滕帅文 王鑫荣 杜博文 杨晓晖 帅佳诚 谢雨潇 付冠州 陈哲宇 

山东大学基础医学院，山东济南 250012 

 

Abstract: Whether the inhibition or updating of memory engram coding pattern responsible for 

fear memory attenuation is a long-standing question. It is known that post-retrieval extinction 

(R+E) but not extinction (E) alone could erase fear memory, however whether engrams coding 

pattern alternation contribute to this process remains unclear. We found that the activation of 

engram cells in prelimbic cortex (PL) but not BLA played a key role in auditory fear memory 

erasure, manipulating the PL engram cells by optogenetics could induce fear memory erasure. 

Moreover, combining with calcium imaging we found that the engram cell ensembles in PL 
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were updated during fear memory erasure but not extinction. Our results suggested that fear 

memory erasure induced rewriting of memory engrams coding pattern, while engrams coding 

pattern kept stable in extinction. 
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S27-01 

Briefing on Virus-based Tools for Neurocircuit Studies 

 

Fuqiang Xu 

WIPM-SIAT, CAS 

 

Abstract: All our brain functions, such as basic condition-controlling, learning, memory, 

decision-making, are based on corresponding neurocircuits. For a complete elucidation of the 

mechanisms of a given brain function, we must reveal all the related structures and 

characteristics of all circuits precisely. In the past dozen years, the group has been developing 

virus-based tools, and mostly through collaborations, to apply them to dissect the detailed 

structures of neuronal connections, and the corresponding functions and properties. Hundreds 

of commercialized tools have been used by over 1000 labs all over the world for a variety of 
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applications. Here. I will give a brief on the arsenal and an update of the progresses in our 

laboratory on the relevant topics.   
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S27-02 

High Definition Whole-brain Imaging 

 

Jing Yuan 

Huazhong University of Science and Technology 

 

Abstract: Whole-brain optical imaging faces big data challenges to extract and store 

meaningful information from terabyte (TB) datasets due to imperfect image quality. Prior 

attempts focus on the use of computational science to overcome challenges in big data 

acquisition and management. While another fundamental but neglected strategy is to improve 

imaging quality. Here, we report a high-definition fluorescent micro-optical sectioning 

tomography (HD-fMOST) method, combining line-illumination modulation (LiMo) technique 

with thin tissue sectioning, to achieve whole-brain imaging with an average signal-to-noise 

ratio of 110 and substantial improvement in neuronal morphology reconstruction. We achieve 

a > 30 folds lossless data compression at a voxel resolution of 0.32 × 0.32 × 1.00 μm, enabling 

online data storage to a USB drive or in the cloud, and high-precision (95% accuracy) brain-

wide 3D cell counting in real time. These results highlight the potential of HD-fMOST to 

facilitate large-scale acquire and analysis of whole-brain high-resolution datasets.  
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S27-03 

Reconstruction of brain-wide connectivity network at single 

neuron resolution 

 

Anan Li 

Huazhong University of Science and Technology 

 

Abstract: The brain is the most complex and significant organ, but little is known about brain 

function mechanisms yet. Despite the great efforts made by neuroscientists, our knowledge 

about the brain is still limited, and studies on small model animals have only provided 

preliminary results. Micro-Optical Sectioning Tomography (MOST) has been developed to 

capture the characteristics of neurons across the entire mouse brain to meet this need. The huge 

amount of data collected during these brain-wide and single-neuron level studies has introduced 

challenges not seen in other fields. This presentation will introduce how to build a complete 

data processing pipeline to achieve accurate, high-throughput, and automated computing based 

on MOST/fMOST mouse brain datasets. Among them, the key technologies of big data 

computing, image information extraction, and spatial positioning are particularly focused. 

Finally, I will also present some thoughts on future challenges in response to these challenges.  
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Single-neuron projectome for mouse prefrontal cortex 

 

Jun Yan 

CAS Center for Excellence in Brain Science and Intelligence Technology, CAS 
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Abstract: Neurons in the prefrontal cortex (PFC) are responsible for high-level cognitive 

functions. However, the connectivity organization of PFC is still poorly understood. In this 

study, we reconstructed the axonal morphologies of over 6,000 individual projection neurons 

in mouse PFC. Classification of axon projections revealed specific projection patterns  that 

correlated systematically with the soma locations across PFC. Mapping the single-neuron 

projectome allowed us to reveal new PFC subdomains, modular connectivity within PFC, and 

subdivisions of PFC target regions. We unveiled a variety of rules underlying the projection 

diversity, including the ordered arrangement of primary axons, the selection of collaterals for 

target regions and the ordered distribution of axon arbors within target subregions. Analysis of 

the axon arbors unveiled asymmetric terminal connectivity in PFC network. Furthermore, 

single-cell transcriptome and retrograde analysis revealed the association of projectome and 

transcriptome in neuron classification. Thus, the organization of the entire axon projection 

reflects gene expression differences among cortical neuron subtypes, the effect of soma location, 

axon position within the fiber tract, and the interactions with targeted regions. This work 

demonstrates how large-scale single-neuron projectome analysis can provide new insights into 

the structural principle within the brain. 
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Combinational transcriptomic and connectome analysis of 

non-human primate central brain   

 

ZHIYONG LIU 

Institute of Neuroscience, Center for Excellence in Brain Science and Intelligence Technology, 

Chinese Academy of Sciences 

 

Abstract: The cerebral cortex of the primate brain is highly complex. The aim of our study is 

to classify the main cell types in particular regions at a brain-wide scale and to delineate the 

projecting connectomes of main neural types simultaneously, via combination of rAAV2-retro-

barcode virus and 10x genomics sequencing platform. Currently, we have completed a 
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connectivity matrix (8 injection area × 23 collection regions) and identified the transcriptional 

profiles of 553,790 cerebral cortical cells from 24 regions of three Macaca mulattas. Briefly, 

our single-cell analysis data are comparable to those obtained by another independent 

conventional retrograde tract-tracers, validating the credit of our approach. Furthermore, we 

find that the proportions of neuronal cells in visual cortex is approximately twice as much as 

that of insular cortex. More importantly, we also discovered connections between brain regions 

which are previously unknown. Collectively, our work provide a comprehensive basis for brain 

wide neuronal circuit and whole brain transcriptional expression profiles of the non-human 

primate models.  
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CHEN1, Han-Yang HU1, Hong-An REN1, Zhi-Ming JIA1, Xin-Yu NING1, Yong-Wei ZHONG1, 

Xiu-Dan ZHENG1, Rui-Qi WANG1, Hong-Li WAN1, Ting-Ting ZHAO1, Chen-Xi JIN1, Jia-Wen 
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1Institute of Neuroscience, State Key Laboratory of Neuroscience, Center for Excellence in Brain 

Science and Intelligence Technology, Shanghai Research Center for Brain Science and Brain-

Inspired Intelligence, Chinese Academy of Sciences, 320 Yue-Yang Road, Shanghai 200031, 

China 
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4School of Life Science and Technology, ShanghaiTech University, 319 Yue-Yang Road, Shanghai 

200031, China 

 

*Corresponding author 

E-mail: forestdu@ion.ac.cn 

 

Abstract: Objective Understanding the functions of nervous system (NS) requires a 

comprehensive mesoconnectome. Zebrafish as the model vertebrate are endowed with brain -

wide mesoscopic mapping both structurally and functionally. Methods Using NS-wide live 

imaging and 3D subcellular-resolution registration, Results (1) we generated a zebrafish NS 

Common Physical Space (CPS) with two initial transgenic modalities and 3D anatomical 

parcellations. (2) Using this CPS we have built a NS-cytoarchitecture atlas of excitatory and 

inhibitory (E-I) neurons and a NS-wide single-neuron-morphology atlas by reconstructing over 

11,000 E-I neurons. (3) We assigned dendrite/axon polarity and putative morphological type 

for all E-I projection neurons and constructed the quantitative NS-wide inter-areal connectome, 

(4) from which we characterized topographic organization of spinal projection neurons and (5) 

revealed E-I information flow framework derived from further analyzed hub networks. 

Conclusion These combined and expandable digital atlas resources in a common coordinate 

framework will serve as strong foundations for integration of multimodal information on 

multiscale, data mining and structural neuroscience. 

Keywords: zebrafish; excitatory-inhibitory neuron; common physical space; brain 

cytoarchitecture; mesoscopic connectome; information flow 
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S28-01 

Modeling human brain development and diseases using brain 

organoids 

 

Zhen-Ge Luo 

School of Life Science and Technology, ShanghaiTech University 

393 Huaxia Middle Road, Shanghai, 201210, China; luozhg@shanghaitech.edu.cn 

 

Abstract: Brain organoids derived from human pluripotent stem cells (PSCs), including 

induced PSCs (iPSCs) and embryonic stem cells (ESCs), can self-organize to form distinct brain 

regions and have been used to recapitulate developmental programs of human fetal brain and 

model brain diseases. Using this model, we have investigated roles of interested genes or 

human-specific transcripts in regulating the expansion of the cerebral cortex during primate 

evolution. The lack of blood vessels and microglia cells in the current brain organoid system 

limits its use in modeling brain development and diseases.  We developed induction approach 

for vascular and brain organoids, respectively, and then fused two types of organoids together 

to form vascularized brain organoids. We are also using brain organoids to understand 

mechanisms of brain diseases. In this talk, I will introduce the application of brain organoids 

in the study for the mechanisms of human brain evolution, disease, and our progress in 

developing vascularized brain organoids.  



September 16-19, 2021 Chongqing 

 

Back to top ↑ 

 

 

S28-02 

Origins and Proliferative States of Human Oligodendrocyte 

Precursor Cells 

 

Wei Huang 

University of California, San Francisco 

 

Abstract: Human cerebral cortex size and complexity has increased greatly during evolution. 

While increased progenitor diversity and enhanced proliferative potential play important roles 

in human neurogenesis and gray matter expansion, the mechanisms of human 

oligodendrogenesis and white matter expansion remain largely unknown. Here, we identify 

EGFR-expressing ‘‘Pre-OPCs’’ that originate from outer radial glial cells (oRGs) and undergo 

mitotic somal translocation (MST) during division. oRG-derived Pre-OPCs provide an 

additional source of human cortical oligodendrocyte precursor cells (OPCs) and define a lineage 

trajectory. We further show that human OPCs undergo consecutive symmetric divisions to 

exponentially increase the progenitor pool size. Additionally, we find that the OPC-enriched 

gene, PCDH15, mediates daughter cell repulsion and facilitates proliferation. These findings 

indicate properties of OPC derivation, proliferation, and dispersion important for human white 

matter expansion and myelination 
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S28-03 

Applications of cerebral organoids to study human brain 

development and disorders 

 

Shan Bian 

Tongji University 

 

Abstract: Human brain organoids derived from human pluripotent stem cells are self-

organizing three-dimensional culture system that recapitulate many aspects of the early 

developing human brains. These in vitro-cultures include that formation of different brain 

regions with in vivo-like morphology and spatiotemporal modulation of neurogenesis and 

gliogenesis as well as faithful transcriptomic and epigenetic profiling compared to human fetal 

brains.  Because of their capacity to mimic the early stages of human brain development, brain 

organoids have been applied to investigate human brain development, evolution, and brain 

disorders. Previously we have modeled interneuron migration and brain tumors using brain 

organoids. In this talk, our previous works will be briefly summarized, and new applications of 

using brain organoids to study cortical development and human brain development will be 

introduced. 
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Human Brain Organoids: Development and Application 

 

Yangfei Xiang  

ShanghaiTech University 

 

Abstract: Brain organoids are three-dimensional self-organized neural tissues cultured from 

stem cells. With the capability of recapitulating the spatiotemporal organization and function 

of the brain, brain organoids provide easy access to deciphering the human brain in a dish. The 
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structural complexity of the brain calls for the generation of brain organoids with defined 

regional identity, particularly for regions of direct correlation with clinical manifestations once 

they deteriorate. From human pluripotent stem cells, we have achieved regional specifications 

of human brain organoids, deciphered the differential development programs in various regions 

of the human brain, and applied region-specific human brain organoids for disease modeling. 

By fusing distinct region-specific brain organoids, we can reconstruct the regional interactions 

and connections inside the brain in a dish. By combining with genome editing techniques, we 

have applied brain organoid models to decipher the etiology and potential therapeutic 

approaches for human neurological disease. We will further develop  optimized human brain 

organoid systems and advance their applications in our future studies. 
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Developing Neuroregenerative Gene Therapy to Treat 

Neurodegenerative Disorders 

  

Gong Chen 

GHM Institute of CNS Regeneration, Jinan University 

 

Abstract: Human brain has 86-billion neurons. If 1% of our brain is damaged, then 8.6 billions 

of neurons are lost. How to regenerate billions of neurons in our brain to replenish the lost 

neurons for brain repair? To answer this question, we turned our eyes into the neighbors of the 

lost neurons, the glial cells, because glial cells can divide and thus possess a regenerative 

capability. We have pioneered an in vivo astrocyte-to-neuron conversion technology to 

regenerate functional new neurons using a subtype of internal glial cells called astrocytes. 

Through a series of works, we demonstrated that overexpression of a single neural transcription 

factor NeuroD1 in reactive astrocytes can convert them efficiently into functional neurons in 

situ. The advantage of such in vivo direct astrocyte-to-neuron conversion technology is that by 

tapping into the brain internal glial cell reservoir, one can in theory regenerate  functional new 

neurons indefinitely. We have indeed demonstrated that after converting some astrocytes into 

neurons in the mouse brain, the remaining astrocytes proliferated and replenished themselves. 
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In this talk, I will discuss our progress in developing AAV NeuroD1-based neuroregenerative 

gene therapy to treat a variety of neurological disorders including stroke, Alzheimer’s disease, 

Huntington’s disease, traumatic brain injury, and spinal cord injury. We found that NeuroD1 

treatment not only generated functional neurons that integrated into neuronal circuits but also 

facilitated functional recovery in animal models, suggesting a tremendous potential of such 

neuroregenerative gene therapy in the treatment of neurodegenerative disorders. 
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Vascularized human cortical organoids model cortical 

development in vivo 

 

Qian Wu 

Beijing Normal University 

 

Abstract: Modeling the processes of neuronal progenitor proliferation and differentiation to 

produce mature cortical neuron subtypes is essential for the study of human brain development 

and the search for potential cell therapies. We demonstrated a novel paradigm for the generation 

of vascularized organoids (vOrganoids) consisting of typical human cortical cell types and a  

vascular structure for over 200 days as a vascularized and functional brain organoid model.  The 

observation of spontaneous excitatory postsynaptic currents (sEPSCs), spontaneous inhibitory 

postsynaptic currents (sIPSCs), and bidirectional electrical transmission indicated the presence 

of chemical and electrical synapses in vOrganoids. More importantly, single cell  RNA-

sequencing analysis illustrated that vOrganoids exhibited robust neurogenesis and that cells of 

vOrganoids differentially expressed genes (DEGs) related to blood vessel  morphogenesis. The 

transplantation of vOrganoids into the mouse S1 cortex resulted in the construction of 

functional human-mouse blood vessels in the grafts that promoted cell survival in the grafts. 

This vOrganoid culture method could not only serve as a model to study human cortical 

development and explore brain disease pathology but also provide potential  prospects for new 

cell therapies for nervous system disorders and injury. 
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S29-01 

Decoding Cortical Glial Cell Development 

 

Xiaosu Li, Guoping Liu, Lin Yang, Zhenmeiyu Li, Zhengang Yang 

 

Institutes of Brain Science, Fudan University, Shanghai 200032, China.  

 

Abstract： Mouse cortical radial glial cells (RGCs) are primary neural stem cells, which give 

rise to cortical oligodendrocytes, astrocytes and olfactory bulb (OB) GABAergic interneurons 

in late embryogenesis. There are fundamental gaps in understanding how these diverse cell 

subtypes are generated. Herein, by combining single-cell RNA-Seq with intersectional lineage 
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analyses, we show that beginning ~E16.5 neocortical RGCs start to generate ASCL1+EGFR+ 

apical multipotent intermediate progenitors (MIPCs), which then differentiate into basal MIPCs 

that express ASCL1, EGFR, OLIG2, and MKI67. Basal MIPCs undergo several rounds of 

divisions to generate most of the cortical oligodendrocytes and astrocytes and a subpopulation 

of OB interneurons. Finally, single-cell ATAC-Seq supports our model for the genetic logic 

underlying the specification and differentiation of cortical glial cells and OB interneurons. 

Taken together, this work reveals the process of cortical RGC lineage progression and 

developmental origins of cortical astrocytes and oligodendrocytes.  

Key words: radial glial cell; intermediate progenitor cell; ASCL1; EGFR; OLIG2; 

oligodendrocyte; astrocyte; olfactory bulb interneuron; cerebral cortex 
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帕金森病的细胞治疗研究 

Cell therapy for Parkinson’s disease 

 

Zhiguo Chen 

Xuanwu Hospital Capital Medical University 

 

摘要：帕金森病是一种常见的神经退行性疾病。其主要病理特征是中脑黑质多巴胺能神

经元的死亡。由于受损细胞种类单一，又分布在特定的局限的空间，帕金森病比较适合

细胞治疗。然而，使用流产胎儿腹侧中脑组织进行移植治疗帕金森病的两次临床双盲实

验并没有达到预期的效果。回顾性分析发现了几种可能的原因，其中包括：对异体植入

组织/细胞的免疫识别；植入组织/细胞的异质性；以及病人脑内的微环境不适合植入细胞

发挥功能。在我们的工作中，通过使用帕金森病的食蟹猴模型猴，将 iPSC 分化而来的多

巴胺能神经前体细胞自体移植回帕金森病模型猴脑内进行干预并取得了显著疗效。为了

规避临床研究可能具有的潜在致瘤性风险，我们使用重编程技术在不经过多能干细胞的
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前提下直接诱导获得了神经干细胞（iNSC），完成了临床前的安全性和有效性验证，为

开展临床研究打下了基础。此外，还通过 iNSC 技术探索了 GBA 基因突变在帕金森病发

病过程中的机制。 

 

Abstract: Parkinson’s disease (PD) is a common neurodegenerative disease in the aging 

population. The major pathology of PD is the loss of dopaminergic neurons at the substantia 

nigra in midbrain. This restriction in cell type and space of the lost neurons makes PD a good 

candidate for cell therapy. However, the two double blind clinical tr ials using fetal ventral 

mesencephalon tissues to treat PD only gave mild outcome. Retrospective analysis revealed 

that the possible reasons might involve immune recognition, heterogeneity of graft, and the 

unfavorable niche. In our studies, using cynomolgus monkey PD models, we attempted to 

intervene the disease by transplanting autologous iPSC-derived dopaminergic neural cells to 

replenish dopamine supply, which showed promising results. To circumvent the possible 

tumorigenic risk associated with pluripotent cells, we directly converted human somatic cells 

into neural stem cells (iNSCs) and tested the safety and efficacy of iNSC-derived DA precursors, 

which paved the road to clinical trials. Using iNSC technology, we also investigated the 

mechanism of GBA gene mutation in the disease onset and progression of PD.  
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Abstract: Glioblastoma (GBM) is an incurable and highly heterogeneous brain tumor, 

originating from human neural stem/progenitor cells (hNSCs/hNPCs) years ahead of diagnosis. 

Despite extensive efforts to characterize hNSCs and end-stage GBM at bulk and single-cell 

levels, the de novo gliomagenic path from hNSCs is largely unknown due to technical 

difficulties in early-stage sampling and preclinical modeling. Here, we established two highly 

penetrant hNSC-derived malignant glioma models, which resemble the histopathology and 

transcriptional heterogeneity of human GBM. Integrating time-series analyses of whole-exome 

sequencing, bulk and single-cell RNA-seq, we reconstructed gliomagenic trajectories, and 

identified a persistent NSC-like population at all stages of tumorigenesis. Through trajectory 

analyses and lineage tracing, we showed that tumor progression is primarily driven by multi -

step transcriptional reprogramming and fate-switches in the NSC-like cells, which sequentially 

generate malignant heterogeneity and induce tumor phenotype transitions. We further 

uncovered stage-specific oncogenic cascades, and among the candidate genes we functionally 

validated C1QL1 as a new glioma-promoting factor. Importantly, the neurogenic-to-gliogenic 
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switch in NSC-like cells marks an early stage characterized by a burst of oncogenic alterations, 

during which transient AP-1 inhibition is sufficient to inhibit gliomagenesis. Together, our 

results reveal previously undercharacterized molecular dynamics and fate choices driving de 

novo gliomagenesis from hNSCs, and provide a blueprint for potential early-stage 

treatment/diagnosis for GBM. 
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Abstract: Precise positioning of neurons in the neocortex is fundamental for the establishment 

of the neuronal circuit function. Disruption in this process can lead to brain disorders. However, 

how neurons are positioned properly upon the completion of their migration remains unknown. 

To uncover the underlying mechanisms, we combine mouse genetics, cell biology and 

biochemistry and discover a novel pathway that involves the transcriptional regulation mediated 

expression of cell adhesion controls neuronal positioning in postnatal stages when neuron 

migration completes. I will present our work towards understanding neuronal positioning in 

brain development and how neuronal mispositioning leads to neurodevelopmental disorders. 
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Abstract: Understanding new modulators of axon regeneration is central to neural repair. Our 

previous work demonstrated critical roles of atypical cadherin Celsr2 during neural 

development, including cilia organization, neuron migration and axon navigation. Here, we 

address its role in axon regeneration. We show that Celsr2 is highly expressed in both 

embryonic and adult mouse spinal motoneurons. Celsr2 knockout promotes axon regeneration 

and fasciculation in mouse cultured spinal explants. Similarly, cultured Celsr2 mutant 

motoneurons extend longer neurites and larger growth cones, with increased expression of end-
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binding protein 3, and higher potassium-induced calcium influx. Mice with Celsr2 conditional 

knockout (cKO) in spinal motoneurons do not have any behavioral deficits; however, after 

branchial plexus injury, axon regeneration and functional forelimb locomotor recovery are 

significantly improved. Similarly, knockdown of CELSR2 using shRNA interference in 

cultured human spinal motor explants and motoneurons increases axonal fasciculation and 

growth. In mouse adult spinal cord after root avulsion, in mouse embryonic spinal cords, and 

in cultured human motoneurons, Celsr2 downregulation is accompanied by increased levels of 

GTP-bound Rac1 and Cdc42, and of JNK and c-Jun. In conclusion, Celsr2 negatively regulates 

motor axon regeneration, and is a potential target to improve neural repair. 

Significance statement: Celsr2 downregulates spinal motoneuron axon regeneration in both 

mice and human, and Celsr2 inactivation correlates with upregulation of Rac1/Cdc42-JNK/c-

Jun signaling. Modulation of Celsr2 activity may be useful for treatment of neural repair after 

brachial plexus injury. 

Key words: Axon regeneration; Spinal motoneurons; Brachial plexus injury; Root avulsion; 

Human embryos 
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Ogt controls neural stem/progenitor cell pool and adult 

neurogenesis through modulating Notch signaling 

 

Yibo Qu 
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Abstract: Ogt catalyzed O-linked N-acetylglucosamine (O-GlcNAcylation, O-GlcNAc) plays 

an important function in diverse biological processes and diseases. However, the roles of Ogt 

in regulating neurogenesis remain largely unknown. Here, we show that Ogt deficiency or 

depletion in adult neural stem/progenitor cells (aNSPCs) leads to the diminishment of the 

aNSPC pool and aberrant neurogenesis and consequently impairs cognitive function in adult 

mice. RNA sequencing reveals that Ogt deficiency alters the transcription of genes relating to 
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cell cycle, neurogenesis, and neuronal development. Mechanistic studies show that Ogt directly 

interacts with Notch1 and catalyzes the O-GlcNAc modification of Notch TM/ICD fragment. 

Decreased O-GlcNAc modification of TM/ICD increases the binding of E3 ubiquitin ligase Itch 

to TM/ICD and promotes its degradation. Itch knockdown rescues neurogenic defects induced 

by Ogt deficiency in vitro and in vivo. Our findings reveal the essential roles and mechanisms 

of Ogt and O-GlcNAc modification in regulating mammalian neurogenesis and cognition.  
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Abstract Objective：GABAergic disinhibition of amygdala has been implicated in stress-

associated mood and behavior disorders. The basolateral amygdala projection neurons (BLA 

PNs) are intermingled but dispersed into distinct functional circuits, how stress affects the 
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inhibition in these diverse PNs to mediate its adversity remains unknown. Methods: C57BL/6J 

male mice were exposed to chronic social defeat stress (CSDS). Its influence on GABAergic 

signals in BLA PNs was measured using ex vivo electrophysiology. The PNs projecting to 

ventral hippocampus (BLA→vHPC) and anterodorsal bed nucleus of the stria terminalis 

(BLA→adBNST) were retrogradely labelled with fluorescent Retrobeads. The CSDS effects 

on mice’s anxiety-like behavior were measured with the elevated plus maze and open field test. 

Virally overexpressing δ subunit-containing GABAARs (GABAA(δ)R) in BLA→vHPC PNs 

was used to occlude CSDS effects. Results: CSDS markedly reduced the tonic GABAAR 

current in BLA→vHPC PNs, but increased that in BLA→adBNST PNs. The phasic GABA AR 

and GABABR currents remained unaltered in both. The opposite CSDS influences on the tonic 

currents were mediated by loss- and gain-of-function of GABAA(δ)Rs in the two populations, 

respectively. Importantly, it was the lost inhibition in BLA→vHPC PNs but not that augmented 

in BLA→adBNST PNs that correlated with the increased anxiety-like behavior in CSDS mice. 

Virally-mediated maintenance of GABAA(δ)R currents in BLA→vHPC PNs occluded CSDS-

induced anxiety-like behavior.  Conclusion: This study reveals circuit-based dysregulation of 

tonic GABAAR current in BLA PNs of male mice by chronic stress and provides new insight 

into the amygdala circuits that underlie stress-associated psychopathology. 

Key Words: Stress; Amygdala; Tonic inhibition; Hippocampus; Anxiety 
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Abstract: The prevailing view is that parvalbumin (PV) interneurons play modulatory roles in 

emotional response through local medium spiny projection neurons (MSNs). Here, we show 

that PV activity within the nucleus accumbens shell (sNAc) is required for producing anxiety-

like avoidance when mice are under anxiogenic situations. Firing rates of sNAcPV neurons were 

negatively correlated to exploration time in open arms (threatening environment). Additionally, 

sNAcPV neurons exhibited high excitability in a chronic stress mouse model, which generated 

excessive maladaptive avoidance behavior in an anxiogenic context. We also discovered a novel 

GABAergic pathway from the anterior dorsal bed nuclei of stria terminalis (adBNST) to 

sNAcPV neurons. Optogenetic activation of these afferent terminals in sNAc produced an 

anxiolytic effect via GABA transmission. Next, we further demonstrated that chronic stressors 

attenuated the inhibitory synaptic transmission at adBNSTGABA  sNAcPV synapses, which 

in turn explains the hyperexcitability of sNAc PV neurons on stressed models. Therefore, 

activation of these GABAergic afferents in sNAc rescued the excessive avoidance behavior 

related to an anxious state. Finally, we identified that the majority GABAergic input neurons, 

which innervate sNAcPV cells, were expressing somatostatin (SOM), and also revealed that 

coordination between SOM- and PV- cells functioning in the BNST  NAc circuit has an 

inhibitory influence on anxiety-like responses. Our findings provide a potentially 

neurobiological basis for therapeutic interventions in pathological anxiety.  
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Abstract: NMDA receptors are glutamate-gated ion channels that are widely implicated in 

synaptic transmission and plasticity. Here we report a gallery of cryo-EM structures of human 

GluN1-2A NMDA receptor in distinct functional states at an overall 4 Å resolution. We 

demonstrate how the ligand binding domains (LBDs) sense the binding of antagonists or 

agonists to transduce the signals by closing or opening the channel gate within the 

transmembrane domain (TMD). We also determine that the positive allosteric modulator GNE-

6901 binds to the LBD heterodimer interface and allosterically stretches the opening of the gate. 

Moreover, we unexpectedly visualize the binding pocket of the foot-in-the-door blocker 9-

aminoacridine at a shallow site above the gate within the LBD-TMD linker region. The binding 

of 9-aminoacridine allosterically compacts the global conformation of the receptor. Our study 

provides molecular insights of gating transition and unveils an unsuspected site for NMDA 

receptor modulation with potential therapeutic utility. 
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Abstract: Exposure to long-term stress can lead to brain dysfunction, cognitive deficits and 

mental disorders. Yet, our understanding of the underlying neurocognitive mechanisms why 

some individuals are more vulnerable than others is still in its infancy. Conventional approaches 

with acute stress paradigm provide insights into the profound effects of stress on human brain, 

cognition and behaviour. I will present a series of four task-dependent and resting-state fMRI 

studies, with naturistic long-term stress paradigms (i.e., exposure to low socioeconomic 

backgrounds, negative parenting, and competitive exam stress), to investigate how stress-

induced neurocognitive reorganization predicts individual differences in stress vulnerability in 

children, adolescents and adults. By leveraging neuropsychological and endocrinal assessments, 

computational modeling, and advanced analytic approaches (i.e., network connectivity, 

dynamic causal modeling of functional circuits), we found that: (1) exposure to low 

socioeconomic backgrounds reduced children’s integrative cortisol secretion considering basal 

cortisol at bedtime, nocturnal cortisol activity during sleep and  accelerating cortisol activity 

after awakening, which further led to increased centromedial amygdala connectivity with 

ventromedial and dorsolateral prefrontal regions; (2) negative parenting at 13-year-old during 

early adolescence could predict adolescents’ depressive symptoms 3 years alter in middle 

adolescence through increased intrinsic amygdala connectivity with the ventrolateral prefrontal 

cortex; (3) trait anxiety as a vulnerable phenotype of stress-related mental disorders works in 

concert with long-term stress to affect latent decision-making dynamics during working 

memory through increased functional recruitment of fronto-parietal network and its imbalanced 

coupling with the default mode network in young healthy adults; (4) pharmacological 

manipulation provide casual evidence to suggest that stress-sensitive cortisol secretion plays a 

critical role in stress-induced brain functional reorganization at regional activation, functional 

circuitry and network levels. Altogether, our findings point toward that stress-induced 

neurocognitive reorganization predicts individual differences in stress vulnerability. 
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Abstract: Anxiety disorders are the most prevalent class of psychiatric disorders in China, 

imposing a substantial socioeconomic burden. In preclinical rodent studies, more than 30 

behavioral tasks have been developed to assess anxiety-like behavior, including the commonly 

used open field test and elevated plus maze test. These tests have contributed significantly to 

the validation of animal models of anxiety disorders, the understanding of the neural basis of 

defensive behaviors, and the development of therapeutic strategies in the past decades. However, 

there are also considerable limitations that constrain further use of these tests for novel drug 

discovery. In this talk, I will discuss the challenges as well as opportunities for these anxiety 

tests, and propose possible directions for mechanistic investigations of defensive behaviors.  
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Abstract: Emotional reactions, including fear and stress, are considered normal psychological 

and physical reactions to positive or negative situations in our lives. However, frequent acute 

emotional reactions referred to as chronic stress are pathological conditions that increase the 

risk of depression and anxiety. In this study, we used various animal behavioral assays to 

evaluate the anxious mood, and found that the lack of CD4+ T cells protects mice from stress-

induced anxiety-like behavior. Physical stress-induced leukotriene B4 triggers severe 

mitochondrial fission in CD4+ T cells, which further leads to a variety of behavioral 

abnormalities including anxiety, depression and social disorders. IRF-1 was found to be 

accumulated in CD4+ T cells with fragmented mitochondria. These accumulated IRF-1 in CD4+ 

T cells was significantly enriched at certain binding sites in the promoters of Ada, Pnp2 and 

Xdh, which further promotes the de novo synthesis of purine. As a result, most of the purines 

and their derivatives including adenine, hypoxanthine and xanthine were much times more 

abundant in anxious mice than in their WT littermates. Metabolomic profiles and s ingle-cell 

transcriptome reveals that CD4+ T cell-derived xanthine acts on oligodendrocytes in the left 

amygdala via adenosine receptor A1. Furthermore, the hyperactivity and hyperproliferation of 

oligodendrocytes caused more c-FOS expression on the neurons, directly promotes anxiety-like 

behavior. Our results establish peripheral CD4+ T cells as pivotal mediators of stress-induced 

mood disorders. These results provide insights into the physiological function of adaptive 

immunity in neurodevelopment and neuropsychiatric disorders.  
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Abstract: Objective Memory loss is the most common clinical sign in Alzheimer's disease 

(AD), thus, searching for peripheral biomarkers to predict cognitive decline is promising for 

early diagnosis of AD. As platelets share similarities to neuron biology, it may serve as a 

peripheral matrix for biomarkers of neurological disorders. Methods A comprehensive and in-

depth platelet proteomic analysis using TMT-LC-MS/MS in the populations with mild 

cognitive impairment (MCI, MMSE=18-23), severe cognitive impairments (AD, MMSE=2-17) 

and the age-/sex-matched normal cognition controls (MMSE=29-30). Results A total of 360 

differential proteins were detected in MCI and AD patients compared with the controls. These 

differential proteins were involved in multiple KEGG pathways, including AD, AMP-activated 

protein kinase (AMPK) pathway, telomerase RNA localization, platelet activation, and 

complement activation. By correlation analysis with MMSE score, three positively correlated 

pathways and two negatively correlated pathways were identified to be closely related to 

cognitive decline in MCI and AD patients. Partial least squares discriminant analysis (PLS-DA) 

showed that changes of nine proteins, including PHB, UQCRH, CD63, GP1BA, FINC, RAP1A, 

ITPR1/2 and ADAM10, could effectively distinguish the cognitively impaired patients from 

the controls. Further machine learning analysis revealed that a combination of four decreased 

platelet proteins, i.e. PHB, UQCRH, GP1BA and FINC, were most promising for predicting 

cognitive decline in MCI and AD patients. Conclusion Our data provide a set of platelet 

biomarkers for predicting cognitive decline which may be applied for the early screening of 

AD. 

Keywords: Alzheimer's disease; peripheral biomarkers; platelet; proteomics; machine learning 
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Autophagy receptors in Alzheimer's disease 
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Abstract: Autophagy is one of pivotal cellular processes maintaining the cellular homeostasis via 

controlling the quality of proteins and organelles. Defective autophagy has been observed in aging 

brains and several aging-related disorders such as Alzheimer’s disease (AD). The accuracy and 

efficiency of autophagy is regulated by a group of proteins called autophagy receptors (ARs). ARs 

selectively translocate the misfolded proteins and damaged organelles for degradation through 

autophagic pathway. We herein present the ARs identified by our lab and their contribution in AD 

pathogenesis.  
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* Corresponding author 

E-mail: zh.lu@siat.ac.cn 

 

Abstract: Mutation of the SHANK3 gene is one of the most common genetic causes for autism 

spectrum disorder (ASD) in human patients. Using genetically modified rodent and monkey models 

that carry mutations in the SHANK3 genes, we have characterized their behavioral and cognitive 

phenotypes. SHANK3 mutant macaque monkeys display profound sleep disturbances, motor 

deficits and increased repetitive behaviors, as well as abnormalities in social behavior and learning. 

We also found that Shank3 mutant mice have altered fear responses towards predator olfactory cues, 

suggesting developmental defects in neural circuits processing innate sensory information. Taken 

together, studies using these animal models have demonstrated a critical role for SHANK3 in core 

autistic-like cognitive and behavioral dysfunctions across different animal species.   
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S31-04 

Exploring the potential image biomarker in the brain disease and 

disorder by using 7T MRI  

 

Xinyi Lai 

Zhejiang University 

 

Abstract: Magnetic resonance imaging (MRI) is a sensitive and noninvasive method for brain 

exploring. With the increase in the strength of the main magnet, the increase of signal-to-noise ratio 

and contrast-to-noise-ratio can provide higher quality of structural and functional brain images as 
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compared with conventional clinical MRI (1.5T or 3.0T). The advantages of MR images acquired 

at ultra-high field strength 7T MRI for neuroscience research and clinical applications have been 

proven invaluable. There is a growing interest in the use of 7.0T MRI to investigate, in vivo, the 

pathological substrate (anatomical and pathological features) and dysfunctional neural network in 

the brain disease and disorder. Here, I will introduce the advantages of 7T MRI and present some 

clinical applications, such as Parkinson’s disease, Huntington's disease and obsessive -compulsive 

disorder. 
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Iron and ferroptosis: partner in crime during neurodegeneration  

 

Peng Lei  

Sichuan University 

 

Abstract: Treatments for Alzheimer’s disease and other neurodegenerative disorders directed 

toward the prominent pathology have yet to prove effective in clinical trials. Neurochemical 

abnormalities that occur in the Alzheimer’s brain, especially those associated with iron and 

selenium, warrant renewed attention as potential drug targets for the disease. The role of these 

elements in AD is not as simple as factors to facilitate Aβ aggregation, as proposed in the early 

stages of this line of research. In contrast, their dysregulation may result from AD onset and 

contribute to neuronal death in several aspects. Both elements are also involved in ferroptosis, and 

recent evidence has indicated the importance of ferroptosis in AD and other related disorders. These 

essential elements contribute to Alzheimer’s pathophysiology and may be translated into 

therapeutics. 
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S31-06 

Histone Lactylation regulates microglial metabolism in the AD 

pathogenesis, with an implication of a novel therapeutic strategy 

 

Zengqiang Yuan 

Beijing Institute of Basic Medical Sciences 

 

  

Abstract: Glucose metabolism disturbance is a key feature of Alzheimer’s disease (AD). 

However, cell-type metabolic profiles are undefined. Here, we report abnormal activation of the 

glycolytic pathway in microglia from patients and mice with AD. The expression of the key 

glycolytic enzymes HK2 and PKM2 was significantly elevated in microglia from AD mice, 

indicating the presence of the Warburg effect (aerobic glycolysis) in microglia. Secondly, we found 

that there is an increased histone lactylation in microglial cells and followed ChIP-seq and cut&tag 

analysis showed histone lactylation transcriptionally regulates the expressions of the glycolytic 

enzymes, including HK2 and PKM2. Pharmacological inhibition or genetic deletion of the 

glycolytic enzymes reprograms microglial metabolism, which could alleviate neuroinflammation, 

amyloid burden and cognition deficiency in AD model mice. By targeting microglial metabolic 

reprogramming, we performed an unbiased screening of a flavonoids and glycosides library: ZY-

12 was identified as a compound that significantly increased microglial ATP production and 

converted microglial metabolism from aerobic glycolysis to mitochondrial oxidative 

phosphorylation (OXPHOS) under LPS stimulation. ZY-12 treatment in vivo decreased Aβ burden, 

inhibited neuroinflammation, and rescued cognitive decline in 5XFAD mice. Together, our results 

reveal a novel regulatory mechanism underlying metabolic program of microglia in AD and 

microglial metabolic reprogramming might be a new strategy for AD treatment. 
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A Unified Model for Travelling Wave, Phase Pre- and Pro-

cession, and Anticipative Tracking 

 

Si Wu 

Peking University 

 

Abstract: Continuous attractor neural networks (CANNs) have been widely used as a canonical 

model for neural information processing. Travelling wave in the cortex, phase pre- and pro- cession 
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of hippocampus place cells at the theta rhythm, and anticipative tracking of head direction were 

observed in neurophysiological experiments. Previously, the three phenomena were modelled 

separately and their link was not recognized. Here, by including negative feedback in the dynamics 

of a CANN, we show that the three phenomena can be unified in a single computational framework 

under different parameter regimes, namely, different amplitudes of input signals or different 

amplitudes of feedback strengths. We hope that this study will give us insight into understanding 

the general mechanism of neural information processing. 

 

Back to top ↑ 

 

 

S32-02 

Maximum Entropy Principle Underlies Wiring Length 

Distribution in Brain Networks 

 

Songting Li 

Shanghai Jiao Tong University 

 

Abstract: A brain network in general comprises a substantial amount of shortrange connections 

with an admixture of long-range connections. Despite this common feature, the portion of long-

range connections between brain areas or neurons are observed to be quantitatively dissimilar for 

different species. It is hypothesized that the length of connections is constrained by the spatial 

embedding of brain networks, yet fundamental principles that underlie the wiring length 

distribution remain to be elucidated. In this talk, by quantifying the structural diversity of a brain 

network using the measure of Shannon’s entropy, we will show that the wiring length distribution 

across multiple species follows the maximum entropy principle under the constraints of limited 

wiring material and the spatial locations of brain areas or neurons. In addition, we will develop a 

generative model incorporating the maximum entropy principle, and will show that, for the five 

species, the network reconstructed by the generative model exhibits higher similarity to the real 



September 16-19, 2021 Chongqing 

network compared with those reconstructed by alternative models without accounting for the aspect 

of entropy. Our work indicates that the connectivity of brain networks evolves to be structurally 

diversified by maximizing entropy in order to support its complicated functions such as efficient 

inter-areal communication, thus provides a potential organizational principle of spatially embedded 

brain networks. 
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Biological detailed simulation: its past, present, and the future  

 

Kai Du 

Peking University  

 

Abstract: To understand how the brain computes is a fundamental challenge for both theoretical 

and experimental neuroscience communities. For decades, Biological detailed simulations have 

demonstrated to play important roles in understanding brain computation rules both at cellular and 

sub-cellular levels, which links the functions of ion channels, dendrites and neural circuitries. In 

this talk, I will try to cover a wide range of topics in biological detailed simulations: first, I will 

introduce how to make single biological detailed neuron model, and how to use the model to explore 

some important questions such as dendritic inhibition; next, I will introduce some of our recent 

work relate to large-scale biological detailed simulations. I will mainly show a GPU-based 

simulation engine which can speed up the NEURON simulator up to several hundred times. At last, 

I will show some demos with the GPU-based simulation engine, including: (1) a biological detailed 

network of the striatum/basal ganglia with over 1 million detailed neurons; (2) a deep learning 

system with biological detailed neurons. 
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S32-04  

Sparsity and optimal compressed coding in neuronal network 

dynamics 

 

Douglas Zhou 

Shanghai Jiao Tong University 

E-mail： zdz@sjtu.edu.cn  

 

Abstract: Considering that many natural stimuli are sparse, can a sensory system evolve to take 

advantage of this sparsity? Through modeling, analysis, and simulation, we explore this question 

and show that significant downstream reductions in the numbers of neurons transmitting stimuli 

observed in early sensory pathways might be a consequence of this sparsity. In addition, we find 

that the widely observed balanced state of networks seems to be optimal in sparsity encoding, and 

further propose a new sampling strategy based on the concept of receptive fields beyond 

conventional CS theory. Utilizing the sparsity ubiquitous in real-world network connectivity, we 

also develop a theoretical framework for efficiently reconstructing sparse connections in neuronal 

networks through its output activities. We expect our framework provides a new perspective for 

understanding the structure-function relationship as well as compressive sensing principle in 

neuronal network dynamics. 

 

报告人简介： 周栋焯，教授，博士生导师，北京大学学士和博士，美国纽约大学库朗研究所

博士后。2010 年进入上海交通大学自然科学研究院/数学科学学院工作，至 2015 年期间任特
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动力学特征刻画发现一些新的数学理论结构；设计对实验数据分析有帮助的新的高维数据处

理的统计学方法；发展大尺度神经元网络动力学模拟的快速数值算法等。 
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Automated extraction of neuronal activity from in vivo calcium 

imaging data 

 

Pengcheng Zhou 

Shenzhen Institute of Advanced Technology 

Abstract: In this talk, I will present two novel methods for extracting individual neuronal signals 

from in vivo calcium imaging data collected in two unique experimental setups. The first technique 

uses microendoscopic lenses to image previously inaccessible neuronal populations deep within 

the brains of freely moving animals. Unfortunately, it is computationally challenging to extract 

single-neuronal activity from its data due to the large contaminating background fluctuations and 

high spatial overlaps intrinsic to this recording modality. The second recording combines the 

conventional 2-photon calcium imaging and electron microscopy (EM), providing arguably the 

most powerful current approach for connecting function to structure in neural circuits. However, 

no automated analysis tools yet exist that can match each signal extracted from the CI data to a cell 

segment extracted from EM; previous efforts have been largely manual and focused on analyzing 

calcium activity in cell bodies, neglecting potentially rich functional information from axons and 

dendrites. For both of these two valuable experimental recordings, we model the observed imaging 

data using a constrained nonnegative matrix factorization (CNMF) framework and propose efficient 

iterative procedures for solving the resulting optimization problems. The methods were 

implemented into open-sourced packages (CNMF-E & EASE) and CNMF-E has been widely 

adopted by the neuroscience community. 
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S32-06 

SoftHebb: Bayesian inference in unsupervised Hebbian soft 

winner-take-all networks 

 

Chua Yansong 

China Nanhu Academy of Electronics and Information Technology 

 

Abstract: State-of-the-art artificial neural networks (ANNs) require labelled data or feedback 

between layers, are often biologically implausible, and are vulnerable to adversarial attacks that 

humans are not susceptible to. On the other hand, Hebbian learning in winner-take-all (WTA) 

networks, is unsupervised, feed-forward, and biologically plausible. However, an objective 

optimization theory for WTA networks has been missing, except under very limiting assumptions. 

Here we derive formally such a theory, based on biologically plausible but generic ANN elements. 

Through Hebbian learning, network parameters maintain a Bayesian generative model of the data. 

There is no supervisory loss function, but the network minimizes cross-entropy between its 

activations and the input distribution. The key is a "soft" WTA where there is no absolute "hard" 

winner neuron, and a specific type of Hebbian-like plasticity of weights and biases. We confirm 

our theory in practice, where, in handwritten digit (MNIST) recognition, our Hebbian algorithm, 

SoftHebb, minimizes cross-entropy without having access to it, and outperforms the more 

frequently used, hard WTA based method. Strikingly, it even outperforms supervised end-to-end 

backpropagation, under certain conditions. Specifically, in a two-layered network, SoftHebb 

outperforms backpropagation when the training dataset is only presented once, when the testing 

data is noisy, and under gradient-based adversarial attacks. Adversarial attacks that confuse 

SoftHebb are also confusing to the human eye. Finally, the model can generate interpolations of 

objects from its input distribution.  

 

Back to top ↑ 

S33: Genomic Big Data Driving Brain Tumor Research  

15:00 Sep.18 欢悦厅 B 



September 16-19, 2021 Chongqing 

S33-01 Qianghu Wang 
Natural coevolution of tumor and 
immunoenvironment in glioblastoma 

S33-02 Kang Chunsheng 

PTRF/cavin-1 remodels phospholipid metabolism 
to promote tumor proliferation and suppress 
immune responses in glioblastoma by stabilizing 
cPLA2 

S33-03 Qi Xie 
CRISPR Screening of CAR T Cells and Cancer 
Stem Cells Reveals Critical Dependencies for Cell 
Based Therapies 

S33-04 Nu Zhang 
ncRNA encoded peptides as novel molecular 
targets in Glioma 

S33-05 Lei Zhang 
Key Molecular Alterations in Endothelial Cells in 
Human Glioblastoma Uncovered by Single-Cell 
RNA Sequencing 

 

Back to top ↑ 

 

 

S33-01 

Natural coevolution of tumor and immunoenvironment in 

glioblastoma 

 

Qianghu Wang 

Nanjing Medical University 

 

Abstract: We studied the mechanisms by which natural evolutionary processes shape the tumor 

immune microenvironment and promote invasion in IDH wild-type primary glioblastoma (IDHwt-

pGBM). We integrated the transcriptional profiles of 46,789 single cells from two multifocal 

samples and five other GBMs to identify the natural evolution signature (NES) of IDHwt-pGBM. 

The NES showed a significant association with the transcript factors activation during brain 

development at different stages, including MYBL2, and FOSL2, etc. Genomic alterations such as 

PTEN and NF1 mutation were frequently observed in patients with high NES (hNES). Patients wi th 
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hNES showed a median survival time of less than a year. Besides, bone marrow-derived 

macrophages were more likely to be recruited and polarized by hNES tumor cells via activation of 

the FOSL2-ANXA1 axis. The polarized macrophages possessed an efficient ability to suppress the 

proliferation and IFNγ production of T cells. Moreover, the polarized macrophages also accelerated 

tumor progression by activating multiple transcript factors (e.g. FOSL2) and pathways (e.g. TGF-

beta signaling). The migration capacity of tumor cells was further enhanced when in co-culture 

with the polarized macrophages, induced by CCL2. 
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PTRF/cavin-1 remodels phospholipid metabolism to promote 

tumor proliferation and suppress immune responses in 

glioblastoma by stabilizing cPLA2 
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Zhou 1, Chao Yang 1, Yansheng Li 1, Chunsheng Kang 1 
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and Engineering, Tianjin University, Tianjin China.3Department of Pathology, Affiliated Hospital of 

Hebei University, Baoding, China.4Department of Pathology, Hebei University Medical College, 

Baoding, China.5Department of Neurosurgery, Affiliated Hospital of Hebei University, Baoding, 

China. 

 

Abstract: Background: Metabolism remodeling is a hallmark of glioblastoma (GBM) that 

regulates tumor proliferation and the immune microenvironment. Previous studies have reported 
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that increased polymerase 1 and transcript release factor (PTRF) levels are associated with a worse 

prognosis in glioma patients. However, the biological role and the molecular mechanism of PTRF 

in GBM metabolism remain unclear. Methods: The relationship between PTRF and lipid 

metabolism in GBM was detected by nontargeted metabolomics profiling and subsequent 

lipidomics analysis. Western blotting, quantitative real-time PCR, and immunoprecipitation were 

conducted to explore the molecular mechanism of PTRF in lipid metabolism. A sequence of in vitro 

and in vivo experiments (both xenograft tumor and intracranial tumor mouse models) were used to 

detect the tumor-specific impacts of PTRF. Results: Here, we show that PTRF triggers a 

cytoplasmic phospholipase A2 (cPLA2)-mediated phospholipid remodeling pathway that promotes 

GBM tumor proliferation and suppresses tumor immune responses. Research in primary cell lines 

from GBM patients revealed that cells overexpressing PTRF show increased cPLA2 activity-

resulting from increased protein stability-and exhibit remodeled phospholipid composition. 

Subsequent experiments revealed that PTRF overexpression alters the endocytosis capacity and 

energy metabolism of GBM cells. Finally, in GBM xenograft and intracranial tumor mouse models, 

we showed that inhibiting cPLA2 activity blocks tumor proliferation and prevents PTRF-induced 

reduction in CD8+ tumor-infiltrating lymphocytes. Conclusions: The PTRF-cPLA2 lipid 

remodeling pathway promotes tumor proliferation and suppresses immune responses in GBM. In 

addition, our findings highlight multiple new therapeutic targets for GBM. 
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CRISPR Screening of CAR T Cells and Cancer Stem Cells 

Reveals Critical Dependencies for Cell Based Therapies 

 

Qi Xie 

Westlake University 
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Abstract: Glioblastoma (GBM) contains self-renewing GBM stem cells (GSCs) potentially 

amenable to immunologic targeting, but chimeric antigen receptor (CAR) T cell therapy has 

demonstrated limited clinical responses in GBM. Here, we interrogated molecular determinants of 

CAR-mediated GBM killing through whole-genome CRISPR screens in both CAR T cells and 

patient-derived GSCs. Screening of CAR T cells identified dependencies for effector functions, 

including TLE4 and IKZF2. Targeted knockout of these genes enhanced CAR antitumor efficacy. 

Bulk and single cell-RNA sequencing of edited CAR T cells revealed transcriptional profiles of 

superior effector function and inhibited exhaustion responses. Reciprocal screening of GSCs 

identified genes essential for susceptibility to CAR-mediated killing, including RELA and 

NPLOC4, the knockout of which altered tumor-immune signaling and increased responsiveness of 

CAR therapy. Overall, CRISPR screening of CAR T cells and GSCs discovered avenues for 

enhancing CAR therapeutic efficacy against GBM, with the potential to be extended to other solid 

tumors. 
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ncRNA encoded peptides as novel molecular targets in Glioma  

 

Nu Zhang 

1st affiliated hospital, SYSU 

 

Abstract: the applicant focused on glioma tumorigenesis and “non-coding” RNA coded novel 

proteins, had following achievements: 1. Discovered the coding ability of circular RNA and 

revealed the molecular mechanisms of circular RNA-encoded protein during glioma tumorigenesis 

and progression; provided the new direction for glioma molecular mechanisms (J Natl Cancer Inst, 

Nat Commun, 2018 corresponding author); 2. discovery that circular RNA utilized the rolling-
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translation to generate specific targets and activates core signaling pathways of glioma, provided 

the scientific evidence for enhancing glioma EGFR target-therapy（Nat Cell Biol，2021，

corresponding author）; 3. Identified ‘5-UTR translated polypeptide with independent biological 

functions, provided supportive evidence for PTEN 5’UTR anti-cancer mechanism and provided the 

theoretical evidence for targeting OXPHOS dependent glioma （ Cell Metab ， 2021 ，

corresponding author）.In recent five years, published ten corresponding author articles (8 after 

the outstanding youth scholar foundation, 3 ESI highly cited articles, more than 1500 total citation). 

In future plan, will focus on utilizing “non-coding”RNA coded proteins as novel therapeutic targets 

for glioma. 
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Key Molecular Alterations in Endothelial Cells in Human 

Glioblastoma Uncovered by Single-Cell RNA Sequencing 

 

Lei Zhang 

Shaanxi Normal University 

 

Abstract: Glioblastoma is the most aggressive type of brain tumor with poor therapeutic response 

and prognosis. Passage of systemically delivered pharmacological agents into the brain is largely 

blocked by the blood-brain-barrier (BBB), an organotypic specialization of brain endothelial cells 

(ECs). Tumor vessels in GBM are abnormal and generally more permeable, but the heterogeneity 

of BBB breakdown in different parts of the tumor vascular tree and in vessels surrounding the tumor 

is largely unknown. Here, through single-cell RNA sequencing (sc-RNAseq) of freshly isolated 

ECs from human glioblastoma and paired non-malignant tissues, we have constructed a molecular 

atlas of human brain ECs providing unprecedented molecular insight into the heterogeneity of the 

human BBB and its molecular alteration in glioblastoma. We identified 5 distinct EC phenotypes, 

resembling different phenotypes and associating with distinct anatomical location within the tumor. 
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This unique resource will provide key information for designing rational therapeutic regimens and 

optimizing drug delivery. 
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Distinct neural activity in the VLPO during general anesthesia 

and sleep 

 

Yingwei Wang 

Huashan Hospital, Fudan University 

 

Highlights 

 General anesthetics suppressed population neural activity in VLPO 

 General anesthetics evoked diverse modulation of single-neuron activity in VLPO 
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 Different general anesthetics engaged similar yet different VLPO neural assemblies 

 General anesthesia and sleep produced distinct states of the VLPO neural network  

 

Abstract： The invention of general anesthesia (GA) represents a significant advance in modern 

clinical practices. However, the exact mechanisms of GA are not entirely understood. Because of 

the multitude of similarities between GA and sleep, one intriguing hypothesis is that GA may 

engage the sleep-wake regulation circuits. Here, using fiber photometry and micro-endoscopic 

imaging of Ca2+ signals at both population and single-cell level, we investigated how various 

anesthetics modulate the GABAergic neurons' activity in the VLPO (VLPOGABA), a brain region 

essential for the initiation of sleep. We found that different anesthetics primarily induced 

suppression of VLPOGABA neurons and tended to recruit a similar group of VLPOGABA neurons; 

however, each anesthetic caused comparable modulations of both wake-active and sleep-active 

neurons. These results demonstrate that GA creates a distinct state of the VLPO neural network 

than during natural sleep, suggesting that GA may not engage the same VLPO network for sleep 

generation.   
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Effects of inhaled anesthetics on developing brain and its 

mechanism 

 

Fuhai Ji 

The First Affliated Hospital of Soochow University 

 

1. 基础研究证实吸入麻醉药可影响发育期大脑，诱导神经发育毒性  
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2. 临床研究尚不完全一致，多次、长时间吸入麻醉药可影响发育期大脑，可能是影响儿

童学习、记忆的风险因素  

3. 主要机制和吸入麻醉药对发育期大脑神经炎症、肠道菌群、髓鞘形成、基因变化有关  
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Transplantation of platelet-derived mitochondria alleviates 

cognitive impairment and mitochondrial dysfunction in db/db 

mice 

 

Qiang Wang 

The First Affiliated Hospital -Xi'an Jiaotong University 

 

Abstract: Diabetes-associated cognitive impairment (DACI) can increase the risk of major 

cardiovascular events and death. Neuronal functionality is highly dependent on mitochondria and 

emerging evidence has shown that mitochondrial transplantation is a potential  and effective strategy 

that can reduce brain injury and associated disorders. Platelets are abundant in blood and can be 

considered a readily available source of small-size mitochondria. These cells can be easily acquired 

from the peripheral blood with minimal invasion via simple venipuncture. The present study aimed 

to investigate whether transplantation of platelet-derived mitochondria (Mito-Plt) could improve 

DACI. Cognitive behaviors were assessed using the Morris water maze test in db/db mice. The 

results demonstrated that Mito-Plt was internalized into hippocampal neurons 24 h following 

intracerebroventricular injection. Importantly, one month following Mito-Plt transplantation, DACI 

was alleviated in db/db mice and this effect was accompanied with increased mitochondrial number, 

restored mitochondrial function, attenuated oxidative stress and neuronal apoptosis, as well as 

decreased accumulation of Aβ and Tau in the hippocampus. Taken together, the data demonstrated 
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that transplantation of Mito-Plt attenuated cognitive impairment and mitochondrial dysfunction in 

db/db mice. This method may be a potential therapeutic application for the treatment of DACI.  
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PND and AD—Evidences from Cohort Study 

 

Yuan Shen 

TUMS 

 

Abstract: Neurocognitive disorder is a common postoperative complication in older adults. 

However, the risk factor of longitudinal postoperative development of AD remains largely 

undermined. It is also not known whether AD neuropathogenesis, e.g., high cerebrospinal fluid 

(CSF) Tau/A 42 ratio, is associated with the need for surgery. We employed AD Neuroimaging 

Initiative (ADNI) cohort as the non-surgery cohort and compared its CSF Tau/A 42 ratio with that 

of the surgery cohort at the start of the study. The rate of conversion from normal cognition to AD 

at 5-6 years after the surgery was compared between surgery cohort and community-dwelling older 

adults at the follow-up. We found that surgery cohort had higher CSF Tau/A 42 ratio than ADNI 

cohort. Moreover, surgery cohort demonstrated a higher conversion rate from normal cognition to 

mild cognitive impairment and AD dementia than community-dwelling older adults. The surgery 

participants who developed AD had higher preoperative CSF Tau/A 42 ratios. CSF Tau/A42 

ratio associate with the need for surgery and serves as risk factor of longitudinal postoperative 

development of AD. 

 

申远，主任医师、同济大学教授、博士生导师，现任同济大学医学院麻醉与脑功能

研究所常务副所长，附属上海市第十人民医院精神心理科主任。兼任包括中国教育

部精神医学教育指导委员会委员、中国科技部西部精神医学会重性精神障碍专委会
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常委、中国医药卫生文化协会心身医学分会常委，上海市医学会行为医学分会副主

任委员，等。主要研究方向为术后神经认知障碍的生物标志物与干预研究，承担多

项国家自然科学基金面上、重点项目，已发表 SCI 论文近 50 篇。目前兼任 J 

Alzheimer Dis, Front Aging Neurosci, Comprehensive Psychiatry 等杂志副编审，同时

担任美国 Alzheimer Association 函评专家，以及国家自然基金委二审专家。 
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S34-05 

Structural and allosteric modulation of antidepressive targets by 

anesthetics 

 

Yang Li 

Shanghai Institute of Materia Medica, CAS 

 

Abstract: General anesthetics act as either positive or negative allosteric modulators of ion 

channels, such as NMDA receptors, K2P channels, which are also potential drug targets for 

treatment of major disorders depression (MDD). Although there is an urgent and clear need for 

more efficacious and faster-acting therapeutic agents to treat patients with MDD, especially those 

who are resistance to the typical antidepressants, but the structure and function relationship of 

underlying molecular target is still unclear, either for anesthetics or antidepressants. Recently we 

performed structural and functional investigations on K2P (TREK1) channels, which are 

responsible for maintenance of resting membrane potential and emerged as a potential drug target 

for faster acting antidepressants. We identify multiple druggable allosteric pockets of TREK1 

channels by simulating the state transitions and functional validation of channel gating kinetics. 

Based on the vast reports of anesthetics and antidepressants and newly identified druggable pockets, 

we designed series of chemical candidates and performed extensively screening for leading 
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compounds for development of new antidepressants. Our work provide evidence for new strategy 

of drug development and initiate deep insight underlying interplay of anesthetic and antidepressants.  
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S34-06 

Parabrachial neuron types categorically encode thermoregulation 

variables during heat defense 

Wei Shen 

Shanghaitech University 

 

Abstract: The homeostatic control of body temperature is essential for survival in mammals and 

is known to be regulated by sophisticated neural circuits in the CNS. However, the specific neural 

pathways and corresponding neural populations have not been fully elucidated. To identify these 

pathways, we used cFos to map thermo-sensory neurons and found that induced-cFos activity by a 

thermal challenge resides in several subregions, including the preoptic area (POA), the dorsomedial 

hypothalamic nucleus (DMH), and the lateral parabrachial nucleus (LPB). Then, by using activity-

dependent transcriptomic analysis (phosphor-TRAP) and optogenetics, we found that POA Vglut2, 

Vgat, and BDNF neurons were activated by warmth and could reduce body temperature upon 

activation. Next, to define key sensory inputs into the POA that finally lead to differential 

regulation of various thermal effector organs, we developed projection-specific and tissue-specific 

transcriptome analysis termed retroTRAP. We identified genetic markers that delineate the LPB-

POA circuitry in regulating various aspects of thermoregulation, including BAT thermogenesi s, 

vasodilation, and shivering activity. Also, we revealed their links to fever and body weight control. 

In aggregate, our data define the LPB-POA as a hub to transmit thermal signals and control body 

temperature and energy expenditure. 
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S35-01 

Progress in studies on Biological mechanism of Bipolar 

Disorders 

 

Lvchun CUI, Yiru FANG 

Shanghai Mental Health Center, Shanghai Jiao Tong University School of Medicine 

Shanghai 20030, CHINA 

 

 

Abstract: Bipolar Disorder (BD) are very complex mental illness with high prevalence, different 

clinical features, and bad outcome. Up to now, the etiology or the pathological process still unclear. 

In the past decades, the occurrence of BD is considered to be mainly associated with the following 

ways: First, imbalance of three major monoamine transmitters, 5-hydroxytryptamine (5-HT), 
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norepinephrine (NE), and dopamine (DA), and the dysfunction of their receptor, transporter and 

related enzymes; Second, neurodevelopment, neurodegeneration and neuronuitrition; Third, The 

intracellular signal transmission dysfunction; Forth, dysfunction on neuro-immuno-endocrine 

network; as well as abnormal energy metabolism due to the mitochondrial dysfunction. Also, gene-

environment Interaction will be very important in the process of developing BD. 

 

Keywords: Bipolar disorder, Biological mechanism 
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S35-02 

Perspectives on cognitive functions in psychiatric disorders 

 

Qi-Xin Zhou1, Lin Xu1,2* 

1Laboratory of Learning and Memory, Kunming Institute of Zoology, the Chinese Academy of 

Sciences, Kunming 650223, China. 

2Center for Excellence in Brain Science and Intelligent Technology, the Chinese Academy of Sciences, 

Shanghai 200031, China. 

*Corresponding author 

E-mail: lxu@mail.kiz.ac.cn 

 

Abstract: Cognitive function is commonly used but its meaning is often much different. The 

American Psychological Association (APA) defines cognition as the processes of knowing, 

including attending, remembering, and reasoning, while cognition means all conscious and 

unconscious processes by which knowledge is accumulated according to the Encyclopaedia 

Britannica. Nevertheless, cognition can be defined as recognizing and knowing simply. Prof. Mu-

Ming Poo has classified cognitive function into three levels: 1. Recognizing and knowing the 

mailto:lxu@mail.kiz.ac.cn
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outside world, including sensory perception, sensorimotor conversion, learning and memory, 

attention, decision making, thinking etc.; 2. Recognizing and knowing self and non-self, including 

self-consciousness, empathy, sympathy, and the mind of others; 3. Recognizing and knowing 

language. Accordingly, autism spectrum disorder can be mainly attributable to the deficit of the 

third level; major depressive disorder or schizophrenia is mainly due to the deficit of the first level. 

Notably, patients with the late phase of Alzheimer’s disease (AD) are suffering serious loss of not 

only learning and memory but also other cognitive functions, including impaired sensory perception, 

unable to recognize themselves in the mirror, lost the ability to organize proper sentence and social 

skills and communications, possibly also with the symptoms of sleep disorder, depression, anxiety, 

hallucination, or delusion, etc., which cover all levels of cognitive function. Thus, it is reasonable 

that APA published DSM-5 (2013), in which AD was classified into a new-class of psychiatric 

disorder, termed neurocognitive disorder (NCD). Form this point of view, the gap between 

psychiatric and neurological disorders seems to be disappearing. 

Keywords: Psychiatric disorder; cognition; Alzheimer’s disease. 
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S35-03 

早年应激参与抑郁症发生发展的神经病理机制研究 

 

李继涛，司天梅 

Peking University Institute of Mental Health 

 

摘要：抑郁症由遗传素质和环境诱因相互作用，导致个体罹患抑郁症，已有系列研究支持，

早年应激对海马和前额叶发育、可塑性及认知功能可产生持久、不可逆的损害，是抑郁症发

病的重要风险因素。然而，早年应激负性效应的神经生物学机制仍未阐明。借助临床前高效

度动物模型，我们发现 CRH-CRHR1 系统介导的不同神经生物学改变分别参与了早年不良生
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活经历所致的海马和前额叶依赖的认知损伤。在海马，CRHR1-nectin3-calbindin-IMPase分子

通路调节早年应激所致的空间认知功能改变；而早年应激所致的时间序列记忆和空间工作记

忆破坏则由前额叶 CRHR1 介导的 PC→PV+微环路功能改变参与。这一机制上的差异为临床

寻求抑郁症认知损伤更有针对性的治疗策略提供实验室基础。 
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S35-04 

Correlation between Reduced Telomere Length and Behavioural 

and Emotional Problems in Left-Behind Children in a Rural area 

of China 

 

Xiaojing Li1, Jia Cai1, Wei Deng2, Ling Yang3, Xiao Zhang3, Peiyan Ni1, Liansheng Zhao1, Tao Li2* 

 

1 Mental Health Center and Psychiatric Laboratory, West China Hospital of Sichuan University, 

Chengdu, Sichuan, China;  

2 Affiliated Mental Health Center & Hangzhou Seventh People's Hospital, Zhejiang University School 

of Medicine, Hangzhou, Zhejiang, China. 

3 The seventh people's hospital of Deyang, Deyang, Sichuan, China 

 

* Corresponding author  

E-mail: litaozjusc@zju.edu.cn 

 

Abstract: Objective. Evidence shows that being left behind experience (LBE) during childhood 

may increase the risks of poor psychopathological outcomes. However, it is unclear to what extent  

the mental health is affected by the LBE. Telomere length (TL), one of the most extensively studied 
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biological markers of cellular ageing, provides a valuable tool for exploring the potential effects of 

parent-child separation on psychological problems by integrating genetic and environmental factors. 

Methods. In this study, a total of 613 children (Mean=10.77, SD=1.92) were recruited from the 

rural area of Deyang, Sichuan Province, China. We used a self-designed questionnaire to assess 

LBE, and collected psychopathological outcomes by using the Piers-Harris Children's Self-concept 

Scale, the Teacher's Report Form 6/18 and the Youth Self-Report 11/18. Terminal restriction 

fragment analysis was used to measure TL in peripheral blood leukocytes. Results. Analyses 

revealed that 342 out of 613 participants (55.79%) were LBC. LBE was observed to associate with 

shorter TL, lower self-esteem, and increased behavioural and emotional problems. The cumulative 

effects of LBE may be reflected by greater telomere abrasion, decreased self-esteem, and worsened 

behavioural and emotional problems. The association of the total time of being left behind with 

self-esteem and behavioural and emotional problems was significantly mediated by telomere 

abrasion, with estimated effects of 14.19%, 47.95% and 45.13%, respectively. Conclusions. The 

LBE in childhood, especially prolonged parent-child separation, increases the risk of mental health 

problems in childhood and adolescence. 

Key words: Left-behind children; Telomere length; Self-esteem; Behaviour and emotional 

problems 
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S35-05 

抑郁症多模态脑影像特征研究 

 

彭代辉 

上海市精神卫生中心，pdhsh@126.com 

 

研究简介：抑郁症（major depressive disorder）临床表现多样、病因及发病机制不明，存在

识别率低、误诊率高等临床难题，迫切需要探索 MDD的诊断标志。以 MDD患者为对象，采

mailto:pdhsh@126.com
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用结构态、功能态及弥散张量 MR，探索 MDD 患者脑结构及功能的特征，进一步寻找 MDD

和双相抑郁（bipolar depression,BD）之间脑影像拓扑特征的差异，结合机器学习技术建立

MDD 的脑影像识别模型，并探索模型内在的白质、皮层结构与功能影像的基础，有助于

MDD 的客观诊断。课题组研究发现：MDD vs. BD 的分类诊断中，高阶功能连接网络特征贡

献的准确率可达 78.53%，涉及感觉（如视觉、听觉及嗅觉等）、运动及认知相关脑区间（例

如中央执行网络、默认网络和突显网络）的动态协同。相比健康对照，MDD 患者突显网络

的动态功能连接降低，涉及左侧前额叶-岛叶连接通路；MDD 患者在左枕外侧皮层、左侧颞

平面、左侧中央后回、右侧额上回、右侧舌回及右枕外侧皮层等区域的全局或局部内在固有

连接存在异常。课题组从功能影像、白质连接及皮层结构多个维度逐层探究了 MDD 的脑影

像拓扑特征，为 MDD 的诊断提供了客观的脑影像学标识。 

个人简历：彭代辉，主任医师，博士生导师，上海市精神卫生中心心境障碍科主任。美国北

卡罗来纳大学教堂山分校、英国诺丁汉大学访问学者。任中国神经科学学会理事，精神病学

基础与临床分会副主任委员；上海市心理学会医学心理学专委会副主任委员；上海市医学会

精神医学专科分会委员；中华医学会精神医学分会抑郁障碍研究协作组委员、中华医学会精

神医学分会双相障碍研究协作组委员；中国神经科学学会精神病学基础与临床分会抑郁障碍

研究联盟主席。在国内较早开展抑郁症研究，负责执行了“十五”、“十二五”支撑计划的

难治性抑郁治疗策略研究，获得国家自然科学基金、上海市科学技术委员会等项目 12项，参

与多项卫生部和中国科协专项课题。 

 

附发表文献： 

1.Huifeng Zhang#, Lena Palaniyappan#, Yan Wu, Enchao Cong, Chuangxin Wu, Lei Ding, Feng 

Jin, Meihui Qiu, Yueqi Huang, Ye Wu, Jinhong Wang, Shihui Ying⁎, Daihui Peng⁎.The 

concurrent disturbance of dynamic functional and structural brain connectome in major depressive 

disorder: the prefronto-insular pathway. Journal of affective disorders, 2020, 274:1084-1090 

2.Huifeng Zhang, Meihui Qiua, Lei Ding, David Mellor, Gang Li, Ting Shen⁎,Daihui Peng⁎. 

Intrinsic gray-matter connectivity of the brain in major depressive disorder[J]. Journal of affective 

disorders, 2019, 251: 78-85 

3.Zhang H F#, Mellor D, Peng D H*. Neuroimaging genomic studies in major depressive disorder: 

a systematic review[J]. CNS neuroscience & therapeutics, 2018, 24(11): 1020-1036 
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Non-Human Primate models for brain disorders 

 

Zhi-Qi Xiong 

Institute of Neuroscience, Chinese Academy of Sciences 

 

Abstract: Being phylogenetically most proximal to humans, non-human primates (NHPs) are ideal 

animal models for studying pathogenesis mechanisms and developing therapeutic approaches for 

brain disorders. Surgical intervention and chemical induction have been used in the past to generate 

NHP models for brain disorders such as drug addiction, spinal cord injury, epilepsy, PD and AD. 

In recent years, transgenic and gene-editing approaches have begun to be used for developing NHP 

models for those diseases with prominent genetic causes, including Huntington’s disease , 

Parkinson’s disease, Duchenne muscular dystrophy, and autism spectrum disorders. The successful 

production of cloned monkeys by somatic cell nuclear transfer (SCNT), combined with CRISPR-

mediated gene editing, has provided a new way to generate genetically modified monkeys. SCNT 

technology may allow the field to potentially overcome the current challenges in genome modified 

monkey generation including mosaicism and off-target effects. The long duration of sexual 

maturation and gestation in macaques imposes a significant barrier to the development genetically 

modified NHP models that require germ-line transmission, although the duration for generating F1 

in macaques (5-6 years) could be shortened to 2-2.5 years with techniques that accelerated sperm 

maturation. I will discuss selected examples of successful application of NHP models to mimicking 

various aspects of brain disorders that may benefit translational research and drug discovery in the 

future. 
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基于数据的因果计算：百年曲折、主流现状、与若

干方向 

S36-02 Yuanqing Li  

S36-03 Huafu Chen 脑空域信息传递 Granger 因果模型法 
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S36-01 

基于数据的因果计算：百年曲折、主流现状、与若干方向 

 

徐雷 

上海交通大学 

 

摘要：首先，简介因果计算的基本问题，并从内在机制、外在观察与外引内应三个不同的视

角，探讨因果关系的定义。然后，概述因果研究百年来的曲折发展史、以及因果探究主流现

状脉络图，并试图回答机器学习研究中和主流统计学研究中，有哪些工作其实已经属于因果
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分析研究但未用其名？引入因果分析观点，将带来什么好处？最后，简介本团队在因果研究

方面取得的若干成果。 
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多模态脑机接口及其临床应用 

 

李远清 

 

摘要： 通过脑机接口，人脑和外部设备之间可以直接进行交互，从而实现脑智能和机器智能

的融合，即混合智能。混合智能是人工智能一种新的形态和方向，具有广泛的应用前景。提

高目标检测性能和实现多维控制是脑机接口研究的两大基本问题。我们首先介绍多种多模态

脑机交互，包括基于 SSVEP 和 P300的脑机接口，基于 P300和运动想象的脑机接口，轮椅脑

机协同控制系统等，这些脑机接口或者可以提高目标检测性能，或者可以实现多维控制。然

后我们介绍这些脑机接口两个方面的临床应用：（1）意识障碍患者（如植物人等）的意识

检测是一个难点问题，主要原因是这些病人缺乏行为能力，认知水平低下。我们开发了多种

脑机接口，用于意识障碍患者（如植物人等）的意识检测，数字认知检测、临床辅助诊断及

康复预测，取得了良好效果。（2）面向严重的颈椎损伤的高位截瘫病人，我们开发了环境

控制系统。该系统集成轮椅、家电和护理床于一体，实现了脑控，有效提高了这些病人的生

活自理能力。 
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S36-03 

脑空域信息传递 Granger 因果模型法 

 

陈华富 

电子科技大学 

 

摘要：脑功能区之间是如何相互作用，即功能整合，脑疾病如何影响脑功能整合，以及随病

程加重如何影响其它脑区域结构的变化，脑功能随时间演化的网络特征是当前脑信息探测研

究的重要领域。报告主要介绍 Granger 因果方法和模型，脑运动执行系统的功能因果网络，

精神疾病患者脑功能因果网络，精神疾病患者脑结构因果协变网络，揭示脑认知功能活动区

域间信息传递特征，脑疾病引起脑区域间信息异常传递的特征。介绍部分精神疾病脑时变网

络异常变化的特征。 
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S36-04 

AI+X 驱动科学发现  

 

Fei Wu 

Zhejiang University 

摘要：人工智能是一种使能技术，具有内涵性、渗透力、支撑性等特点，与其 他学科研究具

备交叉的秉性，使之成为推动创新发展和科学发现的有力手段。 本报告将结合药物合成和医

学分析等领域，介绍面向科学计算的机器学习系统 中物理建模、优化求解和加速计算等问题， 
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S36-05 

Cross-domain Image Reconstruction 

 

Xinbo Gao 

Chongqing University of Posts and Telecommunications 

 

Abstract: Cross-domain images are multi-modality images of a certain object acquired by different 

sensors. Cross-domain image reconstruction is the process of generating images from another 

domain based on content relevance and expression complementarity between different domains. In 

this talk, the cross-domain image reconstruction mainly includes face sketch-photo synthesis and 

image super-resolution reconstruction. This talk first introduces the background, significance and 

social needs of cross-domain image reconstruction, and then takes sketch-photo synthesis and 

image super-resolution reconstruction as examples to introduce the research status of cross-domain 

image generation and the latest research progress of our team on this topic.  

Keywords: Image Reconstruction, Sketch-photo Synthesis; Image Super-resolution 
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Dynamic Neural Networks 

 

Gao Huang 

Tsinghua University 
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Abstract: Convolutional neural networks (CNNs) have been widely used as the backbone model 

in computer vision. In recent years, network architecture innovations are pushing forward the 

application of deep learning on mobile devices. This talk will introduce an important line of 

research that improves the inference efficiency of deep networks with dynamic architectures. 

Compared to the mainstream CNN backbones with static components, dynamic models can change 

its depth/width/parameters during the inference stage, conditioned on each input sample, thus 

leading to substantially reduce computational redundancy. The advantages of dynamic models and 

possible future directions will be discussed. 
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S37: Single Cell Multi-omics Technology and Nervous System  

09:30 Sep.19 三楼主会场 

S37-01 Xu Zhang 
Somatosensory neuron types and their neural 
networks 

S37-02 Xiaoqun Wang 
The Diversity of Neurogenesis and Evolution in 
Human Cerebral Cortex 

S37-03 Bing Su 
Comparative 3D genome analysis reveals 
evolutionary innovations of human brain 
development 

S37-04 Jiadong Chen 
Multi-model single cell analyses revealed cellular 
and molecular heterogeneity in brain development 
and disease 

S37-05 Longwen Huang 
BRICseq bridges brain-wide connectivity to neural 
activity and gene expression in single animals 

S37-06 Xuepeng Chen 
3D chromatin structures regulate the human brain 
development in a brain-area specific manner 
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Somatosensory neuron types and their neural networks 

 

Xu Zhang（张旭） 

Shanghai Advanced Research Institute, Chinese Academy of Sciences; Institute of Brain-Intelligence 

Technology, Zhangjiang Laboratory, Shanghai, China 

 

Abstract: Somatosensory neurons in dorsal root ganglion (DRG) could be classified by their 

morphological, anatomical, physiological properties and gene profiles. Recently, we have 

mailto:xu.zhang@ion.ac.cn
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performed single-cell RNA-sequencing to identify DRG neuron types. Types of DRG neurons for 

processing pain or itch have been identified. Here, we showed the distinct networks derived from 

two types of nociceptors processing pain and itch, respectively. We improved the labeling 

efficiency of herpes simplex virus -- a Cre-dependent anterograde poly-synaptic tracer, and 

depicted two neural networks presenting anatomic differences with partial overlapping. In the 

ascending pathways, more neurons in the contralateral ventral posterolateral nucleus and lateral 

periaqueductal gray participated in the pain-related network. The red nuclei in the somatic motor 

system was more involved in pain sensation, while the nuclei of the solitary tract in the emotional 

motor system was more involved in itch sensation. Furthermore, the anatomic distinctions 

presented functional specificity. Thus, we reveal the organization of subcortical neural networks in 

a neuron type-dependent manner for differentially processing pain and itch.  
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Abstract: Recent studies on single-cell transcriptome profiles have illustrated human tissue or 

organ development (Bian et al., 2020; Fan et al., 2018; Lu et al., 2020; Nowakowski et al., 2017;  

Popescu et al., 2019; Sahara et al., 2019; Zeng et al., 2019; Zhong et al., 2020; Zhong et al., 2018); 

however, a comprehensive understanding of the developmental trajectories, molecular 

characteristics and essential regulatory networks involved in early human embryo development and 

organogenesis after gastrulation at single-cell resolution remains unclear. To investigate the 

dynamic process of cell fate determination during early organogenesis, we analyzed single -cell 

transcriptome profiles of whole embryos at PCW3-5. A total of 83,827 cells were clustered into 35 

cell types, which were categorized into 11 lineages involved in early organogenesis based on the 

expression of known markers, including different mesodermal lineages and neural lineages from 

ectoderm  

Since the majority of samples were heads and brains, the cell types related to nervous systems were 

enriched, including neural crest, neural stem cells (NSCs), intermediate progenitor cells (IPCs), 

glutamatergic neurons (Glu Ns), GABAergic neurons (GABA Ns), dopaminergic neurons (DA Ns) 

and cholinergic neurons (Cholin Ns). 

Velocity analysis indicated that neurons with different trajectories were from distinctive RG groups 

(RG1-4)， The differentially expressed genes in different radial glia subtypes indicated the location 

of these cells, including dorsal and ventral forebrain, mid/hindbrain and spinal cord radial glia. In 

addition, we also found the neural epithelial cells need to go through epithelial-mesenchymal 

transition to transform into radial glia. 

Our screening and characterization approach provides a blueprint for understanding human brain 

development in the early and mid-embryonic stages with which to systematically dissect the cellular 

basis and molecular regulation of brain function in humans.  

Keywords: Single cell RNA-seq; Cortical development; Neural Stem Cell; IPC; RG 
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Comparative 3D genome analysis reveals evolutionary 

innovations of human brain development 
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Abstract: Elucidating the regulatory mechanisms of human brain evolution is essential to 

understanding human cognition and mental disorders. We generated multi-omics profiles and 

constructed a high-resolution map of 3D genome architecture of rhesus macaque during 

corticogenesis. By comparing the 3D genomes of human, macaque and mouse brains, we identified 

many human-specific chromatin structure changes, including 499 topologically associating 

domains (TADs) and 1,266 chromatin loops. The human-specific loops are significantly enriched 

in enhancer-enhancer interactions and the regulated genes show human-specific expression changes 

in the subplate, a transient zone of the developing brain critical for neural circuit formation and 

plasticity. There is significant enrichment of young transposable elements (AluY and L1PA) at the 

human-gained TAD boundaries. Notably, many human-specific sequence changes are located in 

the human-specific TAD boundaries and loop anchors. Collectively, the presented data highlight 

the value of comparative 3D genome analyses in dissecting the regulatory mechanisms of b rain 

development and evolution. 
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heterogeneity in brain development and disease 
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Abstract: One major obstacle in neuroscience is the cellular heterogeneity of the brain. Recent 

advances in single-cell genomics revealed molecular identities of diverse cell types in the 

developing brain. To connect the molecular and functional diversity of different cell types in the 

central nervous system, we established multi-model single-cell analyses integrating calcium 

imaging with single-cell RNA sequencing to dissect functional properties of cell subtypes in the 

developing human brain. In the adult brain, we integrated whole-cell patch clamp recordings with 

single-cell RNA sequencing to examine the molecular, morphological, and electrophysiological 

characteristics of dysmorphic neurons in medically intractable epilepsy. Our results revealed 

morphological and electrophysiological characteristics of dysmorphic neurons in focal cortical 

dysplasia, and imbalance of synaptic excitation and inhibition of dysmorphic neurons may 

contribute to seizure genesis in focal cortical dysplasia.  
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Abstract: A central problem in neuroscience is to understand how neural function arises from 

neural circuits, and how these circuits arise from genes. A powerful approach to solving this 

problem is to acquire integrative maps from multiple experimental modalities in single animals. 
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Although high-throughput methods have been developed to map brain-wide neural activity and 

transcriptomes, comparable methods for generating maps of connectivity remain slow and 

expensive because they require pooling across hundreds of brains. Here we describe BRICseq 

(BRain-wide Individual-animal Connectome by sequencing), which leverages DNA barcoding and 

high-throughput sequencing to generate connectivity maps from single individuals in a few weeks 

and at low cost. Applying BRICseq to the mouse neocortex, we find that area-to-area connectivity 

provides a simple bridge for relating gene expression to neuronal activity: the spatial expression 

pattern of a small number (~10) of genes can predict area-to-area connectivity, and that connectivity 

can in turn predict area-to-area correlations in neural activity. BRICseq has the potential to open 

up a new era of integrative and comparative connectomics: it allows individual laboratories to 

compare how age, sex, environment, genetics and species affect neuronal wiring, and to integrate 

these with functional activity and gene expression. 

 

 

Back to top ↑ 

 

 

S37-06 

3D chromatin structures regulate the human brain development 

in a brain-area specific manner 

 

Xuepeng Chen 

Bioland Laboratory & Institute of Biophysics & Beijing Institute of Genomics 

 

Abstract: The 3D chromatin structures play important roles in the mammalian nervous system 

development. The human brain consists of different anatomic and functional areas. On the one hand, 

these areas have their own unique electrophysiological characteristics and functions. On the other 

hand, they also need to collaborate for advanced cognition, emotion and movement. However, it is 

largely unknown about the regulatory mechanisms driving the brain-area specific development in 

human cerebrum and cerebellum. Here, we generated an atlas of high-resolution 3D chromatin 

landscape maps in prefrontal cortex (PFC), primary visual cortex (V1) and cerebellum (CB) at the 
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human mid-gestation stages. We found many brain-area specific 3D chromatin structures around 

crucial brain-area developmental genes, such as FOXG1 and ZIC4. Compared to the PFC and the 

V1, the CB has a different 3D chromatin organization during the human brain development. 

Intriguingly, At the early stage of human brain development, the PFC and the V1 share similar 3D 

chromatin structures and gene expression patterns but undergo 3D chromatin structure rewiring and 

launch their own particular developmental programs from gestational week 16 onwards. 

Collectively, our findings provide important insights for the regulation of human brain-area specific 

development. 
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Abstract: Transcranial ultrasound stimulation (TUS) is an emerging technique that can 

noninvasively excite or inhibit neural activity in targeted brain regions by delivery of pulsed 

ultrasound waves. It has shown the therapeutic potential in neurological diseases such as 
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Parkinson's disease, Alzheimer's Disease, epilepsy, and stroke. However, focusing therapeutic 

ultrasound at deep-brain structures into the central nervous system has been limited by two major 

drawbacks: the aberrant and attenuating effects of the bones of the skull and the complex and 

extended spatial distribution of the nuclei and subcortical structures. In this work, we present a 

method based on 3D-printed acoustic holograms to, on the one hand, correct the aberrations 

introduced by the skull and, simultaneously, generate multifocal ultrasound beams over different 

cerebral nuclei for the treatments of addiction. The c-Fos staining confirmed that the holographic 

ultrasound stimulation could active neuronal activation in targeted brain regions, such as the NAc, 

LHb, PVT, Hippocampus and PFC. The effect of ultrasound on different brain nucleus was 

evaluated by conditioned place preference (CPP), locomotor sensitization and anxiety-related 

behaviours. The results provide empirical evidence suggesting that ultrasound stimulation is a 

potential noninvasive DBS approach for treating selective psychiatric disorders. 
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Abstract: Objective Current treatments of PTSD include antidepressant medications and 

psychotherapy, but a significant number of patients remain refractory. A pilot study of basolateral 

amygdala (BLA) DBS on treatment refractory PTSD has been reported notable benefit in the first 

patient enrolled in this study. However, the mechanism of DBS remains unknown. The objective 

of this study was to explore the circuit mechanism of DBS improving PTSD like behavior. Methods 

Pavlovian fear conditioning model was established. Following one week of BLA-DBS, animals 

were exposed to recall sessions and tested in the open field to evaluate  fear and anxiety behavior. 

Anterograde transsynaptic tracing and calcium responses recording were used to dissect 

downstream targets responding to BLA-DBS. In addition, combination of optogenetic manipulation 

and BLA-DBS approaches were used to further investigate roles of downstream targets of BLA in 

DBS treatment. Results We found that BLA-DBS improved both fear and anxiety-like behavior. 

There is excitatory monosynaptic projection from BLA glutamic neurons to aBNST GABAergic 

neurons. BLA-DBS induced significant Ga2+ signals in aBNST which can be blocked by 

optogenetics silencing BLA terminals in aBNST. In addition, optogenetics inhibition of BLA inputs 

to aBNST powerfully blocked DBS improvement on anxiety behavior, but had no effects on fear 

memory. We further inhibited BLA-CeA circuit in BLA-DBS treatment model of PTSD. Terminal 

inhibition of BLA inputs to CeA significantly reverse anxiety improvement, but partially block fear 

improvement. Conclusion As a key node, BLA mediated the improvement of fear and anxiety in 

BLA-DBS treated PTSD model. DBS treatment improved fear and anxiety via different 

downstream targets. The excitatory transmission of BLA-aBNST and BLA-CeA circuit mediated 

anxiety improvement, while BLA-CeA circuit partially mediated fear improvement. 

Keywords: DBS，PTSD，BLA，BNST，CeA 
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Abstract: Personalized treatment for psychiatric populations at all stages of illness have been an 

evolution in the past decades, from symptoms-based subtyping and imaging-based subtyping. Non-

invasive brain stimulation holds potential promise as a therapeutic modality for substance use 

disorders (SUDs). Our previous findings indicate that high-frequency repetitive transcranial 

magnetic stimulation (rTMS) over the left dorsolateral prefrontal cortex (DLPFC) and low-

frequency rTMS over the right DLPFC can reduce drug-induced craving. However, our mechanistic 

understanding of drug induced craving is incomplete, and personalized therapeutics are unavailable. 

Our results firstly demonstrated that the beta/gamma oscillation in medial prefrontal cortex 

(MPFC)/ right medial temporal gyrus (RMTG) may be potential neurophysiological signatures of 

cue induced craving, which indicated patient-specific dysfunctions in default and frontal-parietal 

networks in methamphetamine use disorder (MUD). Then, we conducted the optimal noninvasive 

brain stimulation (individualized neuromodulation) and identified the individuals who are most 

likely to benefit from targeted neuromodulation therapies (response prediction). Taken together, 

these results elucidate that oscillatory mechanism can be used to understand chronically imbalanced 

brain circuits and set the groundwork for development of personalized transcranial brain 

stimulation in SUDs. 
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brain oscillation 

 

 

Back to top ↑ 

 

 

S38-04 

Task-specific elevation of motor learning by conjunctive 

transcranial direct current stimulation 

 

Ying Wang 1,2,3*, Ji-xian Wang4*, Qing-fang Zhang1, Ke-wei Xiao1, Liang Wang1,  

Qing-ping Yu1, Qing Xie4, Mu-ming Poo1,2,3,5# and Yunqing Wen1# 

1 Institute of Neuroscience, State Key Laboratory of Neuroscience, CAS center for Excellence in Brain 

Science & Intelligence Technology, Chinese Academy of Sciences, Shanghai 200031, China. 

2 University of Chinese Academy of Sciences, Beijing 100049, China.  

3 School of Life Science and Technology, ShanghaiTech University, Shanghai 201210, China. 

4 Department of Rehabilitation Medicine, Ruijin Hospital, Shanghai Jiao Tong University School of 

Medicine, Shanghai 200025, China. 

5 Shanghai Center for Brain Science and Brain-Inspired Technology, Shanghai 200031, China. 

* These authors contributed equally to this work. 

# Send communication to Y. Wen (wenyq@ion.ac.cn) and M-m. Poo (mpoo@ion.ac.cn) 

 

Abstract: Transcranial direct current stimulation (tDCS) is used for modulating brain functions, 

but the optimal protocol remains to be defined. We found that mouse learning of a rotarod running 

task was enhanced when anodal tDCS was applied during (“online”) but not before or after 

(“offline”) task performance, whereas both online and offline cathodal tDCS reduced the rotarod 

learning. The enhancement is task-specific, since learning of beam-walking was not affected when 
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rotarod learning was enhanced by anodal tDCS. In middle cerebral artery occlusion (MCAO) stroke 

model mice, online anodal tDCS could restore motor learning ability in a task-specific manner. 

Transcranial calcium imaging showed that anodal and cathodal tDCS elevated and suppressed 

cortical neuronal activity, respectively, implicating that elevated spiking in task-associated neural 

circuits may underlie learning enhancement. Thus, modulatory efficacy of tDCS in motor learning 

could be elevated by conjunctive activation of targeted neural circuits.   
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Abstract: The amygdala is a central nucleus in the limbic system and is considered one of the most 

interconnected hubs of the human and primate brain. Its function is important for assigning 

behavioral significance of incoming stimuli and orchestrating complex arrays of sensory, motor, 

cognitive, and visceral responses to environmental challenges. The amygdala  comprises the 

basolateral group (the lateral, basal, and accessory basal nuclei) which is heavily connected to 

cortical areas, and the centromedial group (the central and medial nuclei) which interact with 

subcortical structures. While the primary connectional targets of these nuclei (based on traditional 

neuroanatomical tract tracing methods) are well known, little is known about the degree of 

specificity or topography of amygdala connections. Recently, we have developed a novel method 

called infrared neural stimulation with ultrahigh field fMRI (INS-fMRI). This (virus-free) optical 

stimulation method is capable of mapping mesoscale connections rapidly, systematically, in vivo, 

at whole brain scale and is ideal for studying brainwide networks. Here, we have used this method 

to study connections of different nuclei in the amygdala of the macaque monkey. We find that 
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single millimeter-scale foci within the amygdala connect to millimeter-scale foci in other cortical 

and subcortical sites, supporting a highly specific mode of brainwide connectivity. Our data also 

reveal commonalities and distinctions between networks of the lateral, basal, accessory basal, and 

centromedial nuclei, as well as the presence of shifting connectional topography within these nuclei. 

These functional neuroanatomical findings indicate that the limbic system, similar to sensory 

systems, in primates is highly organized at mesoscale and provides a systematic neuroarchitectural 

view of complex limbic behaviors.  
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Abstract: Alteration of neuronal activities by physical neuromodulation approaches, such as 

electrical, magnetic and optical stimulation, is an efficient way to regulate brain functions and 

alleviate neurological disorders. Here we show that electromagnetic midinfrared stimulation (MIRS) 

of ~53 terahertz represents a potential neuromodulation method. We performed patch-clamp 

recording from glutamatergic pyramidal cells and GABAergic inhibitory interneurons in 

neocortical slices. In both types of neurons, MIRS produces reversible decrease and increase in 

neuronal responsiveness (gain control) to low- and high-intensity stimulations, respectively. 

Moreover, MIRS dramatically reduces the duration and the voltage integral of action potentials 

(APs) but increases their conduction velocity in axons of pyramidal cells. The conduction velocity 

of corpus callosum fibers including myelinated and unmyelinated fibers is substantially increased 

upon MIRS. At the network level, MIRS shapes epileptiform activity. Importantly, these effects 

are independent of environmental temperature changes and persist across long range of distance 

between the MIRS source and the cortical tissue. Together, our results indicate that MIRS exerts 
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long-distance, reversible and non-thermal effects on neuronal excitability, AP signaling and 

network activity. Thus, MIRS represents a promising method for neuromodulation.  
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Abstract: Long intergenic noncoding RNAs (lincRNAs) are critical regulators involved in diverse 

biological processes. Localization of lincRNAs has been found to determine their functions. 

However, whether lincRNAs are spatiotemporally distributed in the axon and how lincRNAs exert 

roles in developing axons are so far unknown. In the present study, by utilizing compartmental 

culture of dorsal root ganglion (DRG) neurons at postnatal 0 day (P0), we identified an axon-

enriched lincRNA, which was required for axon elongation by locally regulating translation of 

growth-associated protein 43 (Gap43) mRNA, referred to as ALAE (Axon-enriched LincRNA 

regulating Axon Elongation). Mechanistically, ALAE was demonstrated to act as a RNA decoy 

through its AU-rich element (ARE) to prevent the binding and translational repression of KH-type 

splicing regulatory protein (KHSRP) on Gap43 mRNA. Importantly, local disruption of the 

interaction between ALAE and KHSRP in axons significantly increased the binding and 

translational repression of KHSRP on Gap43 mRNA, resulting in impaired axon elongation. These 

findings reveal a novel regulatory role of lincRNAs in spatiotemporal control of mRNA translation 

during axon development. 
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Abstract: The mammalian cerebral cortex, also known as the neocortex, is a six-layered structure 

and responsible for performing the most sophisticated cognitive and perceptual functions such as 

sensory perception, generation of motor commands, conscious thought and language. The adult 
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neocortex comprises a plethora of projection neurons, interneurons and glial cells. Moreover, the 

neocortex has functional distinct areas responsible for motor, somatosensory, audio and visual 

sensory functions respectively. The temporal generation of neural cells and their spatial localization 

are precisely controlled, largely at the level of neural progenitor cells during embryonic 

development. Through transcriptome studies, cell-fate analyses and genetic manipulations, we 

characterized a number of epigenetic regulatory mechanisms, including cis-regulatory elements, 

histone modifications and long non-coding RNAs, as essential cell-fate regulators of neocortical 

neurogenesis and area identities during the development of the mouse cerebral cortex. Molecularly, 

these epigenetic mechanisms control expression of essential cell-fate determinants transcriptionally. 

By analyzing mutant animals, we further found alterations of these epigenetic factors could lead to 

abnormal neocortical development, axonal projections and autistic-like phenotypes. These findings 

provide novel insights into epigenetic mechanisms underlying fate determination during neocortex 

development, and have implications in finding solutions for neurodevelopmental disorders.  
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Abstract: BACKGROUND: Stroke is a leading cause of adult disability that can severely 

compromise the quality of life of patients, yet no effective medication currently exists to accelerate 

rehabilitation. A variety of circular RNA (circRNA) molecules are known to function in ischemic 

brain injury. Lentivirus-based expression systems have been widely used in basic studies of 
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circRNAs, but safety issues with such delivery systems have limited exploration of the potential 

therapeutic roles for circRNAs.  

METHODS: Circular RNA SCMH1 (circSCMH1) was screened from the plasma of patients with 

acute ischemic stroke by using circRNA microarrays. Engineered rabies virus glycoprotein -

circSCMH1-extracellular vesicles were generated to selectively deliver circSCMH1 to the brain. 

Nissl staining was used to examine infarct size. Behavioral tasks were performed to evaluate motor 

functions in both rodent and nonhuman primate ischemic stroke models. Golgi staining and 

immunostaining were used to examine neuroplasticity and glial activation. Proteomic assays and 

RNA-sequencing data combined with transcriptional profiling were used to identify downstream 

targets of circSCMH1.  

RESULTS: CircSCMH1 levels were significantly decreased in the plasma of patients with acute 

ischemic stroke, offering significant power in predicting stroke outcomes. The decreased levels of 

circSCMH1 were further confirmed in the plasma and peri-infarct cortex of photothrombotic stroke 

mice. Beyond demonstrating proof-of-concept for an RNA drug delivery technology, we observed 

that circSCMH1 treatment improved functional recovery after stroke in both mice and monkeys, 

and we discovered that circSCMH1 enhanced the neuronal plasticity and inhibited glial activation 

and peripheral immune cell infiltration. CircSCMH1 binds mechanistically to the transcription 

factor MeCP2 (methyl-CpG binding protein 2), thereby releasing repression of MeCP2 target gene 

transcription.  

CONCLUSIONS: Rabies virus glycoprotein-circSCMH1-extracellular vesicles afford protection 

by promoting functional recovery in the rodent and the nonhuman primate ischemic stroke models. 

Our study presents a potentially widely applicable nucleotide drug delivery technology and 

demonstrates the basic mechanism of how circRNAs can be therapeutically exploited to improve 

poststroke outcomes. 
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Abstract: Astrocytes metabolically interact with neighboring neurons by providing multiple 

substances to neurons. How astrocytes regulate neural functions via altering the neuronal metabolic 

state remains elusive. Here, we demonstrate that astrocytic ApoE vectors a variety of miRNAs, and 

these miRNAs specifically silence genes involved in neuronal cholesterol biosynthesis, ultima tely 

accounting for accumulation of the pathway-initiating substrate acetyl-CoA. Consequently, histone 

acetylation is promoted, and transcription is activated in neurons. Functionally, we demonstrate 

that ApoE-mediated neuronal histone acetylation leads to increased H3K27ac enrichment in the 

promoters of multiple neuronal immediate early genes, and subsequently enhanced memory 

consolidation in mice. Importantly, human ApoE4 vectors lower levels of miRNAs than ApoE3, 

and therefore is less capable of metabolic and epigenetic regulation in neurons. Collectively, our 

findings define an astrocytic ApoE-mediated neuronal epigenetic mechanism as a novel means 

through which astrocytes modulate brain connectivity and function. 
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Abstract: Enhancers are key noncoding DNA elements that control spatiotemporal gene expression 

programs by engaging cognate promoters through long-range chromosomal looping. Emerging 

evidence has shown that active enhancers and promoters are bidirectionally transcribed to generate 

vast enhancer RNA (eRNA) and promoter upstream antisense RNA (uaRNA). However, the 

functionality of those noncoding RNA transcripts and how they modulate transcription is poorly 

understood. We recently developed a powerful technology, named RNA in situ conformation 

sequencing (RIC-seq), for the global profiling of RNA-RNA spatial interactions. We found that 

the functional connectivity of enhancers and promoters can be assigned using their  pairwise-

interacting RNAs. Also, we showed that CCAT1-5L—a super-enhancer RNA—interacts with the 

RNA-binding protein hnRNPK, as well as RNA derived from the MYC promoter and enhancer, to 

boost MYC transcription by modulating chromatin looping. Here, we analyze the largest RIC-seq 

datasets generated from multiple cell lines and identify tens of thousands of enhancer and promoter 

RNA interactions. These comprehensive enhancer-promoter RNA interaction maps not only enable 

us to unravel the enhancer and promoter communication principles, but also link many risk variants 

to disease genes. In this meeting, I would like to share our recent findings of how enhancers 

communicate with promoters via RNA-RNA interactions and how those RNA sequence variants 

that disrupt enhancer-promoter circuitry cause disease, especially neurological disorders.   
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Abstract: Aberrant regulation of microRNAs (miRNAs) has been implicated in the pathogenesis 

of Alzheimer's disease (AD), but most abnormally expressed miRNAs found in AD are not 

regulated by synaptic activity. In our previous studies, we identified a series of miRNAs that 

abnormally regulated in the AD. For example, we demonstrated that upregulation of miR-124 in 

response to the A insult led to the impaired traffic of AMPA receptor to the postsynaptic 

membrane. The loss of synaptic-related miR-135a-5p induced the synaptic/memory deficits in AD 

via the Rock2/Add1 signaling pathway. Recently, we found that the reduction of miR-133a-3p 

could disrupt the neuronal-glial crosstalk by triggering the reinforcement of adenosine signals in 

the CA3 neurons. Administration of miR-133a-3p or genetic deletion of Adora1 receptor was able 

to rescue the aberrant neuronal-glial communications, which in turn ameliorate the synaptic 

disorder and memory impairments in AD.  
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Marmoset Brain Mapping Atlas V4: Cortical Parcellation of 

Individual Marmosets Based on Awake Resting-State fMRI Data 

 

Cirong Liu 

Center for Excellence in Brain Science and Intelligence Technology 

 

Abstract: The common marmoset (Callithrix jacchus), a New World monkey, is of increasing 

interest in biomedical and neuroscience research and has many advantages for neuroimaging 
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techniques. As a shared resource, the Marmoset Brain Mapping Project 

(marmosetbrainmapping.org) aims to build a comprehensive set of marmoset brain atlases and 

tools to facilitate neuroimaging and connectome studies. By far, we have released three versions, 

including 1) cortical atlases based on ex-vivo multi-modal MRI (Liu et al., Neuroimage, 2018); 2) 

white matter atlases based on ultra-high resolution ex-vivo diffusion MRI (Liu et al., Nature 

Neuroscience, 2020); and 3) in-vivo population templates and surface analyzing tools (Liu et al., 

Neuroimage, 2021). These three versions compose useful tools to map the neuroanatomy and 

structural connectome, but they are incompetent to examine the functional neuroanatomy of 

marmoset brains.  

Resting-state fMRI (rsfMRI) is an important brain mapping technique to study functional 

neuroanatomy in both humans and animals. Several data-sharing initiatives (for example, the 

Human Connectome Project) provide large open-access human rsfMRI data and atlas tools, which 

greatly promote the research to understand functional architectures of the human brains. Compared 

with human data repositories, non-human primate (NHP) data-sharing initiatives were still at their 

early stages and faced several key limitations: First, the released resources were retrospective data 

donated by different labs without a standardized imaging protocol. Second, most rsfMRI data were 

collected from animals anesthetized by different agents, which confounded the rsfMRI analysis. 

Third, the repositories lacked test-retest data and essential atlas tools for data analysis.  

Here, we present the upcoming version-4 (v4), which not only meets the urgent need for atlas tools 

in mapping functional neuroanatomy of the marmoset brain, but also solves common limitations 

faced by other NHP data repositories. The v4 comprises three parts: 

The largest multi-center (with standardized protocols) “awake” resting-state test-retest fMRI 

dataset, which currently comprised of 42 adult marmosets, 62 sessions, and 721 runs (17 min per 

run). More data will also be incrementally added to the database. 

The dense connectome, resting-state brain networks, and fine-grained cortical parcellations of 

marmosets at both the population-level and individual level. We also developed a cortical 

parcellation approach to accurately map the functional brain organization of individual marmoset 

based on deep learning. 

Test-retest analysis to systematically evaluate the variability of functional connectivity and cortical 

parcellations across sits, animals, and sessions. 

http://marmosetbrainmapping.org/
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In all, the v4 and associated awake rsMRI data will be an essential open resource and milestone for 

functional mapping of marmoset brains and for large-scale comparative studies of NHP brain 

architectures. 
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Augix Guohua Xu 

Zhejiang University 

 

Abstract: Brain networks are the keys to understand the brain. At a scale bigger than neurons, 

primate brains are organized with sub-millimeter functional columns. Studying the connections 

between these computation units, and mapping the mesoscale connectome will greatly advance our 

understanding about the working principles of primate brains. In 2019, our lab published a novo 

connectome mapping method called INS-fMRI. It applies optical fiber (diameter 0.2 mm) and 

infrared laser (wavelength 1875 nm) to stimulate a focal point on the monkey cortex surface and 

uses ultrahigh field (7T) fMRI to evaluate the response of brain regions at whole brain scale. It is 

currently the only available method that can map the brain connections in a rapid, in vivo, focal and 

systematic way.  

Here, we have extended this method for stimulating deep brain areas. As a testbed, we focused on 

the basal nucleus of the amygdala in the macaque monkey. A separate talk will give a detailed 

report on the result part. In this talk, I describe methods to target basal nucleus locations with 

submillimeter precision, pulse train stimulation methods, and statistical tests for assessing non-

random nature of activations. In contrast to cortical surface stimulation, this study overcame 

challenges in quickly and precisely push fibers to planned stimulation sites with a MR-compatible 

setup. Firstly, we acquired high-resolution structural images (voxel size 0.3 mm) of the whole brain 
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and the fiber tip. We used a customized grid-chamber system to guide fibers, and a syringe-based 

hydraulic system to push fiber tip to planned location. We then acquired high-resolution images 

again to examine the new fiber tip location. We describe our scanning protocol for reducing the 

scanning time and our design of fiber holding, guiding and pushing system for reducing the fiber 

manipulation time. We show that this method is a rapid, accurate, inexpensive, and MR-compatible 

method for doing optical stimulation in deep brain areas. 
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Abstract: Objective Many diseases can be diagnosed using the cerebral metabolic rate of oxygen 

(CMRO2), measured with “calibrated fMRI.” Using calibrated fMRI at high magnetic fields in 

preclinical rodent models is an urgent need for translational medicine. However, translation to small 

animals is difficult due to low resolution and requiring CO2 administration. Methods We used 

relaxometry-based calibrated fMRI (no CO2) and tested mice at 9.4T under both awake and 

dexmedetomidine anesthesia conditions. We also tested this method in awake humans at 3T, healthy 

volunteers and patients with epilepsy. Results Mice showed a consistent global shift between 

awake and anesthesia. Healthy humans showed symmetrical CMRO2 while epilepsy patients 

showed lateralized changes. Conclusion Relaxometry-based calibrated fMRI shows excellent 

potential for translation from preclinical small-animal models to human clinical studies. 

Keywords: fMRI; CMRO2; dexmedetomidine; epilepsy 
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Abstract: Small animal fMRI at high field has been widely used for preclinical applications and 

dissecting physiological basis of fMRI signals. While most small animal fMRI research is 

conducted under anesthesia or sedation, recent progress in awake animal imaging has shown unique 

advantages as it eliminates the impact of anesthesia on neural and vascular functions. Furthermore, 

fMRI at the awake state would greatly expand the scope of animal fMRI in neuroscience. To this 

end, we developed robust sensory evoked awake mouse fMRI paradigms at 9.4T, with optimized 

preprocessing and analysis pipeline. Using such pipeline, robust, specific and consistent cortical 

and subcortical BOLD responses were reported under somatosensory, auditory and olfactory 

stimulation. To further take advantage of the awake state, we developed novel awake and behaving 

mouse fMRI paradigm. In this novel paradigm, highly trained mice were able to perform an 

olfactory based Go/No-Go task during fMRI. Global mapping showed distinct spatiotemporal 

patterns during different trial types. Our work established the utility of awake mouse fMRI, and 

extended this method to probe cognitive functions in the mouse brain. Multimodal integration with 

our awake mouse fMRI platform such as optogenetics and electrophysiology will allow further in -

depth dissection of various neuroscience questions. Furthermore, with the growing interests in non-

human primate neuroscience, we also conducted awake fMRI in marmosets, a small bodied new 

world monkey. Resting-state fMRI in awake marmosets showed typical resting-state functional 

networks, and they were significantly modulated by arousal fluctuations. Overall, high field awake 

mouse and marmoset fMRI are valuable tools for neuroscience research.     
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Abstract: The inferotemporal (IT) cortex is responsible for object recognition. However, the 

functional organization of this part of the brain is still unclear. It is known that several category-

selective areas exist in the IT cortex, such as face, body and scene network, but large parts of IT 

cortex lack any known specialization, raising the question of whether any general principle governs 

IT organization. One key challenge is to develop a way to parametrize arbitrary objects in a high -

level. Here we built a low-dimensional object space to describe general objects using a feedforward 

deep neural network trained on object classification. With the object space, we used functional MRI, 

microstimulation and electrophysiology to investigate the organization of macaque IT cortex. 

Responses of IT cells to a large set of objects revealed that single IT cells project incoming objects 

onto specific axes of the object space. Anatomically, cells were clustered into four networks 

according to the first two components of their preferred axes, forming a map of object space. This 

map was repeated across three hierarchical stages of increasing view invariance, and cells that 

comprised these maps collectively harboured sufficient coding capacity to approximately 

reconstruct objects. These results provide a unified picture of IT organization in which category-

selective regions are part of a coarse map of object space. 
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Abstract: Ultra-high-field (UHF, above 3T) magnetic resonance Imaging (MRI) scanners offer 

significant intrinsic gains in imaging SNR and brain functional MRI (fMRI) contrast, and thus have 

been widely used in brain ultra-high-resolution imaging. Macaque monkey MRI is important to 

bridge the gap between invasive animal brain studies and non-invasive human brain studies. 

Currently, most macaque monkey MRI studies are conducted on human MR scanners due to its 

large body size compared to conventional animal MR scanners. The 7T human MR scanner serves 

as the major commercial-available platform for macaque brain ultra-high-resolution imaging, but 

in the meantime it faces engineering challenges due to the lack of customized imaging facilities 

including RF coils and high-order B0-shim coils. To be specific, the RF array coil is helpful in 

alleviating gradient coil imaging burden, making fast and high-resolution imaging feasible; in 

addition, static magnetic field (B0) inhomogeneity arising from the tissue susceptibility is more 

severe at UHF, hindering functional MRI with high spatiotemporal resolution, and B0-shim of the 

monkey head is even more challenging due to its smaller size and more complex sources of B0 

offsets in multi-modal imaging tasks.  

The AC/DC coil design combines dense RF-receive and multi-coil (MC) B0-shim functionalities to 

achieve high imaging SNR, high parallel imaging performance as well as high-spatial-order and 

rapidly switchable B0-shim capability. Additional space was retained on the coil to render it 

compatible with monkey multi-modal imaging studies. Both MC global (whole-volume) and 

dynamic (slice-optimized) shim methods were tested and examined, and the benefits of MC shim 

for fMRI experiments were also evaluated. Only minor reductions in RF coil performance was 

found after introducing additional B0-shim circuitry. However, the proposed RF coil provided 

higher imaging SNR and more uniform contrast compared to a commercially available coil for 

human knee imaging. Compared with scanner-equipped static 2nd-order shim, the B0 

inhomogeneity was reduced by 56.8%, and 95-percentile B0 offset was reduced to within 28.2 Hz 

through MC shim, versus 68.7 Hz with 2nd-order static shim. As a result, functional image quality 

could be improved, and brain activation can be better detected using the proposed AC/DC monkey 

coil with improved sensitivity and function specificity. 
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Abstract: Categorization is an essential cognitive and perceptual process for recognition and 

decision making. The posterior parietal cortex (PPC), particularly the lateral intraparietal (LIP) area 

has been suggested to transform visual feature encoding into cognitive or abstract category 

representations. By contrast, areas closer to sensory input, such as the middle temporal (MT) area, 

encode stimulus features but not more abstract categorical information during categorization tasks. 

Here, we compare the contributions of PPC subregions in category computation by recording 

neuronal activity in the medial superior temporal (MST) and LIP areas during a motion 

categorization task. MST is a core motion processing area interconnected with MT, and often 

considered an intermediate processing stage between MT and LIP. Here we show that MST shows 

robust decision-correlated motion category encoding and working memory encoding similar to LIP, 

suggesting that MST plays a substantial role in cognitive computation, extending beyond its widely 

recognized role in visual motion processing.    
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Experience replay supports efficient non-local learning 

 

Yunzhe Liu 

Beijing Normal University 

 

Abstract: Introduction Adaptive decision-making requires assimilation of reward information to 

guide subsequent choices. However, actions and outcomes are often separated by time and space 

rendering this difficult. In reinforcement learning (RL), this problem can be solved using “model-

based” inference. Here an agent leverages a learnt model of the environment to link local reward 

to non-local actions, a process known as experience replay. 

A potential neural substrate for this process is hippocampal “replay”. In rodents, cells in 

hippocampus fire in an organised manner that recapitulates past or potential future trajectories 
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during rest. A similar phenomenon has also been observed in humans during post-task rest period. 

However, a direct connection between replay and non-local (i.e., model based) learning has yet to 

be established.  

Rationale How to achieve model-based learning in the service of adaptive behavior is central to 

understanding intelligence in both biological and artificial agents. To address this question, we 

exploited a normative model of replay based on RL theory. This model makes specific predictions 

regarding how replay relates to non-local learning and about which information is more or less 

useful to be replayed. To measure replay in humans we used machine learning techniques in 

conjunction with magnetoencephalography (MEG) recordings of whole-brain neural activity. These 

techniques enabled us to ask if, and how neural replay contributes to non-direct learning in humans. 

In so doing, we address an outstanding question in the RL, namely how the brain forms links 

between disjoint actions and goals and uses these to inform better decisions in future.  

Results We designed a novel decision-making task to separate local from non-local learning – or, 

in other words, learning from direct experience as opposed to indirect learning based upon inference. 

Specifically, we developed a 3-arm task, wherein each arm comprised 2 paths leading to distinct 

end states. Crucially, the 2 end states, reachable from each arm, are shared across all 3 arms. This 

design feature allows post-choice reward feedback to inform future choices not only in the chosen 

arm (local learning) but also choices in either of the other two arms (non-local learning).  

We show the existence of backward neural replay of nonlocal experiences following reward receipt, 

with a 160 msec state-to-state time lag. In line with normative theory, such replay predominantly 

represents the path most useful for future behaviour. This backward replay encoded non-local 

experience alone and was physiologically distinct from a faster forward replay (30 ms time lag), 

which was associated with power increase in a ripple band.  

Utilising computational modelling, we go on to further demonstrate that the strength of this 

backward replay related to efficient learning of the same non-local experience, trial-by-trial within 

subject, as well as a better overall task performance across subjects. This is consistent with our 

theoretical predictions, provides strong support for a RL account of neural replay in decision-

making. 

Conclusion Backward replay accompanies efficient non-local learning in humans and is prioritised 

according to its utility. These results connect several findings in human and rodent neuroscience 

and implicate experience replay in model-based reinforcement learning.  
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Experience replay is associated with efficient non-local learning. (Top left) The key element of 

the experimental design is a separation of local vs. non-local learning. The chosen path (indicated 

by hand) reflects local experience, while the other two paths leading to the same outcome state (the 

red £), but not directly experienced, are the non-local paths. Arrow direction indicates the order of 

actual experience. The colour indicates the arm identity. There are 3 arms (thereby 3 colours), and 

outcomes are shared across the 3 arms. (Top right) Non-local backward replay following reward 

receipt. There are two non-local experiences per trial. We found neural replay of these paths after 

reward receipt, consistent with a credit assignment account in reinforcement learning - an 

assignment of local reward information to non-local actions. (Bottom) Consistent with 

reinforcement learning theory, replay was prioritised according to utility (need*gain) and was 

related to a more efficient non-local learning. In the example, this is illustrated as stronger replay 

(double arrows) for the green path, because of its higher utility (0.32 vs. 0.29) compared to the 

orange path.  
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Abstract: The orbitofrontal cortex (OFC) is essential for value-based learning and decision making, 

yet its exact role has been under debate. Understand the attentional modulation of the representation 

of value in the OFC links the OFC to other cognitive processes and provides us key information on 

its functional roles. Here, we examine how the top-down and bottom-up attention modulates the 

value encoding in the OFC. We used an experimental design in which the modulation of top-down 

and bottom-up attention on the OFC neuronal activities could be teased apart. We trained two 

macaque monkeys to detect a luminance change at a cued location between a pair of visual stimuli, 

which were over-trained pictures associated with different amounts of juice rewards and, thus, 

different levels of salience. While the monkeys’ behavior and the DLPFC neuronal activities 

indicated that the monkeys actively direct their attention toward the cued location during the task, 

the OFC neurons’ value encoding, however, was dominated by the pictures’ salience and only 

reflected the top-down attention weakly. These results showed a dissociation between the top-down 

and bottom-up attention signals in the OFC, indicating a stable salience map in OFC that was only 

weakly modulated by the top-down attention. 
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Abstract: Humans have bounded rationality. Many decisions by individuals are made non-

optimally or irrationally. It has been suggested that joint decision-making by groups should be 

better than the individual decisions. However, the integration of the others’ information and 

external objective information for joint decision-making is not always optimal. We here propose a 

novel theory to account for irrational decision-making for individual and groups. We hypothesize 

that individuals often separately and differentially treat the information from different sources, 

likewise they differentially treat moneys as suggested by the mental accounting theory. We provide 

behavioral and neural evidence to demonstrate that individuals differentially represent and integrate 

the information with different sources from the external sources, ones’ own beliefs and the others’ 

beliefs, systematically deviating from the optimal approach in terms of Bayesian inference. 

 

Back to top ↑ 

 

 

S41-05 

Communication as goal-directed decision-making 

 

Lusha Zhu 

Peking University 

 



The 14th Annual Meeting of Chinese Neuroscience Society 

Abstract: Pragmatic interpretation––how the human brain understands what is and is not being 

said by conservational partners––is a topic of tremendous importance and disciplinary breadth. Yet 

we know very little about its neural mechanisms, when the ability is acquired, and how it is 

developed. The challenge relates to not only the inherent complexity in human communication, but 

also the lack of quantitative instruments capable of decomposing the complex mental processes in 

a principled way to probe the related neural activity. Here we propose to examine inferences and 

choices in intentional communication through the lens of goal-directed, strategic decision-making, 

bringing together strands of decision neuroscience, game theory, computational linguistics, and 

developmental psychology. In this talk, I will first sketch recent fMRI findings on the 

neurocomputation underlying pragmatic interpretation in a referential communication game, and 

then present cross-sectional and longitudinal data on the neurocognitive developments in 

adolescence that contribute to the maturation of this key social function.  
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Abstract: A broad range of experimental and theoretical results suggest that good-based decisions 

are generated in a neural circuit within the orbitofrontal cortex (OFC). However, other studies 

challenge this proposal by demonstrating the disengagement of OFC in certain “value-based” 

decisions. Such discrepancies are at least partly due to insufficient characterization of functional 

specificities of prefrontal sub-regions in decision-related mental processes. In this talk, I will 

present two complementary studies that provide new insights in this regard. In study 1, we 

contrasted the neuronal activity patterns of the OFC between a multi-attribute and a single attribute 

choice task. The outcome demonstrates that OFC is preferentially engaged in the multi rather than 

single-attribute choice. In study 2, we imposed a working memory component on the multi-attribute 

choice task as implemented in study 1. Interestingly, with such an additional demand, the neural 

substrate of choice seems to have shifted from the OFC to the inter-connected lateral prefrontal 

cortex (LPFC), which has pervasively been demonstrated to encode working memory through 

sustained activity. The combined results demonstrate that sub-regions of the prefrontal cortex may 

be preferentially engaged in different “value-based” decision processes with distinct characteristics.  

Keywords: value-based decisions; prefrontal cortex 
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Dissociation of structure and content in human working memory  
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Peking University 

 

Abstract: Information is not fragmented but always organized via structure framework. For 

example, retaining a phone number necessitates temporary maintenance of two types of 

information- multiple digits (content) and their corresponding ordinal positions (structure). 

Meanwhile, how structure and content are maintained and interact with each other in working 

memory (WM) remains largely unknown. In this talk, I will present my lab’s recent studies that 

investigate the neural representation of content and structure during the delay period by transiently 

perturbing the ‘activity-silent’ state and reading out the reactivations. Our results support distinct 
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and somewhat dissociated representations of structure and content in the WM network, i.e., 

reactivated by different triggering events, showing different coding dynamics, etc. This structure -

content dissociation might facilitate efficient memory generalization across new inputs that share 

the same structure.  
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Abstract: Memory has long been conceived as a dynamic process. As Bartlett (1932) noted, 

“Remembering is not the re-excitation of innumerable fixed, lifeless and fragmentary traces, but 

rather an imaginative reconstruction or construction…”. In this talk, I will present our new recent 

work trying to understand the transformative nature of human episodic memory. First, I will show 

evidence that the reactivated representation during memory retrieval has been systematically 

transformed from the encoded representations. Second, I will present two recent studies which 

suggest that effective learning strategies, such as spaced learning and retrieval practice, often 

involves greater representational transformation. Finally, I will present our ongoing study using 

intracranial EEG to study the transformative nature of episodic memory, by the comparing the 

nature of neural representation during memory encoding, working memory and long-term memory.  
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Abstract: The medial temporal lobe (MTL) supports episodic memory, which involves recollection 

of past events associated with specific spatiotemporal contexts. In addition to this everyday-

language long-term memory, recent studies suggest that the MTL also serves for scene perception. 

However, it was unclear how the MTL constructs a scene not only for recollection but also for 

perception. To address this problem, we investigated neural mechanisms to represent objects, space 

and their relationship using monkey electrophysiology and human neuroimaging. In the single-unit 

study, we found two distinct signals in the ventral (“what”) visual pathway and its downstream 

MTL areas: spatially-invariant object signal and view centered background signal. The view-

centered background signal indicates allocentric spatial information which an animal is looking at. 

The two signals are integrated in the perirhinal cortex to provide conjunctional information of 

object identity and its location in a scene to the hippocampus. In the fMRI study, we found that the 

human left hippocampus represents a cognitive map defined by three objects at different locations 

even in the absence of background/landmark information. I propose a new constructive model 

combining objects and space for perception in the primate memory system.   
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Functional roles of theta oscillations during human spatial 
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Abstract: The survival and reproduction of animals and humans are inseparable from the 

interaction with the environment. As a basic cognitive function, spatial memory is closely related 

to our daily life, such as optimal route planning. Spatial memory function plays an important role 

in the early diagnosis of memory-related brain diseases. A large number of studies have revealed 

many spatial tuning cells in hippocampal neural circuits, and similar brain activity patterns at the 

macroscopic level. With human intracranial EEG technology, we have found that different target 

objects distributed at different spatial positions were encoded at the different phases of the 

hippocampal theta oscillations, and the hexadirectional theta power was modulated by movement 

direction in the multiple regions. Inter-regional theta oscillations also formed a synchronization 

network, speeding up information transmission and facilitating memory-guided spatial navigation. 
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Abstract: Working memory refers to the phenomenon that the brain can store and manipulate input 

information temporally, in order to carry out certain cognitive functions. The neural mechanism 

underlying working memory has been debated constantly in the field. The synapse-based theory 

proposes that rather than relying on persistent neuronal firings, the temporally facilitated synaptic 

strengths due to short-term synaptic plasticity (STP) can carry the memory trace of inputs and thus 

support working memory. In this talk, I will introduce two studies aligning with this STP -based 

theory. First, we built up a computational model to analyze the capacity of working memory and 

found that the model naturally predicts the capacity of 4~6, when the biological plausible 

parameters are used, and the model works in a way analogy to the theta-gamma oscillation. 

Secondly, we manipulated the synapse strengths via STP by applying external probe signals, and 

found that the memory retrieval performances predicted by the model agree very well with the 

experimental findings. Overall, our studies suggest that STP can serve as the neural mechanism for 

working memory. 
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Abstract: Dysregulation of excitatory synapses have been demonstrated to be involved in 

depression. The hypothalamus plays an important role in emotional function. However, the 
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involvement of synaptic regulation in the hypothalamus in the pathogenesis of depression is not 

fully understood. Corticotropin-releasing hormone (CRH) in the hypothalamic paraventricular 

nucleus (PVN) is the driving force in hypothalamic-pituitary-adrenal (HPA) axis regulation. 

Synaptic regulation of CRH neuron in the HPA axis in the study of pathogenesis of depression has 

been attracted a lot of attention. While the mechanisms of synaptic regulation in CRH in depression 

are not completely clear. Abnormal expression of Postsynaptic density (PSD)-93 is associated with 

the pathogenesis of depression. This study constitutes the first observation of an increased density 

of PSD-93-CRH co-localized neurons in major depression patients. PSD-93 overexpression in CRH 

neurons in the PVN induced depression-like behavior in mice, accompanied by increased serum 

corticosterone level. PSD-93 knockdown relieved the depression-like phenotypes in a 

lipopolysaccharide (LPS)-induced depression model. Electrophysiological data showed that PSD-

93 overexpression increased the CRH neurons synaptic activity, while PSD-93 knockdown 

decreased CRH neurons synaptic activity. Furthermore, LPS activated microglia to release 

glutamate to N-methyl-D-aspartate receptor (NMDAR) and activated PSD-93 to induce depression-

like behavior. Together, these results show that PSD-93 is involved in the pathogenesis of major 

depression via increasing the synaptic activity of CRH neurons in the PVN, leading to the 

hyperactivity of the HPA axis that underlies many depression behaviors, and may contribute to the 

development of new treatment strategies.  
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Abstract: The hypothalamus is an ancient and evolutionarily conserved part of the brain. It is 

responsible for many instinct behaviors with many interconnected nuclei. How neural microcircuits 

inside hypothalamic nuclei are organized, and their related functions remain largely 

uncharacterized. Based on multiple whole-cell patch-clamp recordings and pharmacology, we 

found a very sparse synaptic connectivity within many nuclei of the hypothalamus and further 

discovered that neuropeptides might play critical roles in the communication between hypothalamic 

neurons. Meanwhile, we are also exploring the functions of some specific neurons and their related 

circuits in the hypothalamus. We found that CRH neurons in the lateral hypothalamus play crucial 

roles in feeding and anxiety. We will further explore their functions in stress-related disorders.  
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Abstract: Many complex behaviors are displayed without the need of learning and are termed 

innate. Based primarily from genetically hard-wired circuits in the brain, Innate behaviors offer a 

unique entry point for neuroscientists to dissect the physiological mechanisms that govern complex 

and adaptive behaviors. Since the last century, converging evidence has implicated the 

hypothalamus as the central brain area that controls innate behaviors. Recent studies using cutting-

edge tools have revealed that genetically-defined populations of neurons residing in distinct 

hypothalamic nuclei and their associated neural pathways regulate the initiation and maintenance 

of diverse behaviors including mating, aggression, and parental care. In this talk, I will review some 

of the work that came out of our lab on the hypothalamic pathways that regulate innate behaviors. 

In addition, I will discuss some emerging general principles on the neural control of complex 

behaviors. 
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Abstract: Mammalian puberty is a process through which sexual competence and reproduction is 

attained under the regulation by the anatomic Hypothalamic-Pituitary-Gonadal (HPG) axis. The 

onset of puberty is influenced by complex interactions among genetic, nutritional, envi ronmental, 

and socioeconomic factors. The loss-of-function mutations in human MKRN3 gene, encoding E3 

ubiquitin ligase, were estimated to contribute to approximately 30% of cases of familial central 

precocious puberty (CPP)， which affects approximately 1 in 5,000 – 10,000 population worldwide, 

with mechanisms yet incompletely understood. Recently, we reported that the genetic ablation of 

mouse Mkrn3 led to early puberty onset with increased production of hypothalamic GnRH1, fully 

recapitulating symptoms of human CPP. MBD3 and PABPs (PABPC1, PABPC3 and PABPC4) 

were identified as bono fide substrates for MKRN3. On one hand, MKRN3 interacts with, and 

ubiquitinates MBD3, which epigenetically silences GNRH1 through disrupting the MBD3 binding 

to the GNRH1 promoter and its recruitment of DNA demethylase TET2; on another hand, MKRN3-

mediated ubiquitination compromises the binding of the PABPs to the poly(A) tails of mRNA, 

resulting in shortened poly(A) tail-length of GNRH1 mRNA and compromised the formation of 

translation initiation complex (TIC). Our findings have thus, for the first time, delineated the 

mechanisms for how MKRN3-mediated signaling regulates the epigenetic and post-transcriptional 

switches of puberty initiation and development in mammals. 

 

报告人简介: 胡荣贵，中国科学院分子细胞科学卓越创新中心核心研究员、中国科学院大学

特聘教授。先后入选中科院百人计划、国家杰出青年、中青年科技创新领军人才等。主要致

力于研究蛋白质稳态异常与重大疾病的机制，并注重发展一系列研究和操纵蛋白质稳态的原

创性方法。课题组近年报道了一系列自闭症、中枢性性早熟等神经系统疾病的分子机制方面

的进展。发表文章 40 多篇 (通讯或共同通讯 30 多篇），主要成果发表在 Nature、Science、

Cell Res、Cancer Cell、Nature Cancer、Nature Microbiology、J. Hepatology、PNAS 等学术期

刊。 
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Abstract: Our hypothesis for the heterogeneous pathogenesis of mood disorders is that factors 

including polymorphisms in stress-related genes, gender, age, developmental history and 

environmental stressors make different parts of the stress-related brain systems vulnerable to 

different stressful life events, causing different alterations in a network mediated by 

neurotransmitters and neuromodulators, which finally make individuals in a personal way at risk 

for mood disorders. The hypothalamus has a prominent position in this network. With postmortem 

human brain material that is clinically and neuropathologically well-characterized, animal models 

mimicking depression and molecular mechanistic work on cell lines, we try to elucidate the specific 

changes and the interaction in these molecular systems in relation to special subtypes of mood 

disorders. The final aim is to set up tailor-made treatment for mood disorder patients on his/her 

particular vulnerability in particular stress systems. This presentation is a review on our findings 

of changes in systems of sex steroids, corticotrophin-releasing hormone, oxytocin, and orexin in 

the etiology of mood disorders, in relation to hypothalamo-pituitary-adrenal axis activity and sex 

differences. 
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Abstract: The brain regulates energy intake and energy expenditure in response to changes of 

internal and external environment and energy needs. Extensive studies have emphasized the 

importance of the hypothalamus in maintaining energy homeostasis, but less is known about the 

functional roles of other brain areas. We are particularly interested in hindbrain catecholaminergic 

(NE and E) neurons and have systemically studied their whole-brain connections and functional 

roles in regulating energy metabolism such as food intake and blood glucose levels. I will introduce 

why hindbrain catecholaminergic neurons are as important as hypothalamic neurons in control of 

energy metabolism, and how and when these neurons work. 
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【摘要】 目的:腰骶段选择性脊神经后根部分切断术(selective posterior rhizotomy, SPR)是公

认的治疗脑瘫性下肢痉挛状态的手术方法，但对其远期疗效仍然存在争议。此研究的目的是

使用标准化评估手段系统地探讨 SPR 治疗脑瘫性下肢痉挛状态的远期疗效。  方法:回顾性
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分析 2000 年 1 月~2006 年 12 月治疗的 141 例平均随访 9.7 年且临床资料完整的脑瘫性下肢痉

挛状态患者。分别在术前、术后 1 年、5 年、终末时进行随访，评估手段包括定量的下肢肌

张力标准化评估（改良 Ashworth 6 级量表）、粗大运动功能分级情况（GMFCS 分级）、日

常生活能力评分（ADL 量表），并结合患者后续接受的治疗措施进行统计分析，以评估 SPR

的远期疗效。  结果：患者术后下肢肌张力均有明显下降，末次随访时, 下肢三大肌群肌张力

改良 Ashworth 分级与术前比较差异均有统计学意义(P<0.01)；随访期间肌张力总体改善率

90.7%。GMFCS 分级与术前比较差异有统计学意义(P<0.01)，随访期间粗大运动功能较术前

总体改善率为 80.1%。日常生活能力评分与术前比较差异有统计学意义(P<0.01)，随访期间

总体生活质量改善率为 88.9%。术前 GMFCS 分级Ⅰ~Ⅲ级的患者术后 ADL 得分随时间延长

而持续上升。截至到末次随访时患者所接受后续的周围神经选择性部分切断术、跟腱延长术、

骨关节矫形术或痉挛肌肉肉毒素注射治疗的总体比例为 29.1%。  结论： 腰骶段 SPR 治疗脑

瘫性下肢痉挛状态的疗效可长期持续存在，其远期疗效包括肌张力、粗大运动功能和日常生

活能力的改善，其中术前 GMFCS 分级Ⅰ~Ⅲ级的患者远期疗效最为显著。 

【关键词】选择性脊神经后根切断术；腰骶段；脑瘫；痉挛状态；下肢；远期疗效 
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摘要 目的 研究选择性脊神经后根部分切断术（SPR）中影响电生理监测结果的相关因素。方

法 回顾性纳入新疆医科大学第二附属医院神经外科脑瘫病区 2010 年 12 月-2018 年 7 月收治

的下肢痉挛性脑瘫患儿，行 SPR 并术中电生理监测 679 例，男 415 例，女 264 例。其中显微

镜下腰 5 椎板切除腰 5-骶 1 脊神经后根选择性切除术 412 例，显微镜下胸 12 至腰 2 椎板切除

腰 1、2、3、5 及骶 1 脊神经后根切除术 17 例，显微镜下胸 12 至腰 2 椎板切除，腰 2、3、5

及骶 1 脊神经后根切除术 14 例显微镜下腰 5 半椎板切除，腰 5-骶 1 脊神经后根选择性切除

109例。采用电生理监测仪在麻醉深度为 BIS指数 70-80的情况下刺激监测双侧股四头肌、胫

骨前肌、腓肠肌、肛门括约肌的肌肉电位刺激值，并肉眼观察其肌肉收缩。结果 术中感觉根

分束的刺激阈值平均值：L1（左）分 2 束，阈值范围 3.0~3.5，平均阈值 18.62±0.64；L1

（右）分 2束，阈值范围 2.5~4.0，平均阈值 18.20±0.66；L2（左）分 3束，阈值范围 2.5~3.5，

平均阈值 19.04±0.54；L2（右）分 3 束，阈值范围 2.0~3.0，平均阈值 18.32±0.82；L3（左）

分 3 束，阈值范围 2.5~3.0，平均阈值 18.58±0.94，L3（右）分 3 束，阈值范围 2.5~3.5，平

均阈值 17.92±0.78；L5（左）分 4 束，阈值范围 1.0~2.0，平均阈值 12.07±1.04；L5（右）

分 4 束，阈值范围 0.8~1.5，平均阈值 11.25±0.97；S1（左）分 4 束，阈值范围 1.5~2.0，平

均阈值，13.30±0.57；S1（右）分 4 束，阈值范围 1.0~2.0，平均阈值 11.37±1.09。术中

电刺激分束反应与肉眼观察肢体反应对照结果：L1（左）动作比 41.17%，L1（右）动作比

58.82%，L2（左）动作比 76.58%，L2（右）动作比 79.11%，L3（左）动作比 79.34%，L3

（右）动作比 78.48%，L5（左）动作比 87.89%，L5（右）动作比 85.23%，S1（左）动作比

72.99%，S1（右）动作比 75.32%。结论：脊髓后根分束数量、麻醉深度、肌松药物选择可

影响选择性脊神经后根部分切断术中影响电生理监测结果。 

 

关键词 脑性瘫痪；选择性脊神经后根切除术；电生理监测 
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一、概述 

脑性瘫痪（cerebral palsy，CP）简称为脑瘫，又称为 Little 病，是指从出生前到出生后 1

个月内由各种原因导致的非进行性脑损伤，主要表现为中枢性运动障碍及姿势异常。 

脑瘫是一种综合症，病因尚不完全清楚，目前认为从出生前到出生后 1 个月内，凡是可

以引起非进行性脑缺陷或损伤，继而引起中枢性运动障碍的因素都可视为危险因素。具体分

为产前、产时、新生儿期和未知因素四类，脑瘫的病理改变与病因有关。 

 

二、临床表现 

脑瘫的特点表现为脑损伤的中枢性、非进行性、特定的损伤时间及症状在婴儿时期出现，

可合并癫痫、智力低下、行为异常和感知觉障碍。临床表现因类型、部位而不同，同一病人

可合并多种类型，同一类型在不同年龄段表现也不一样。 

1．运动发育落后，主动运动减少：患者的粗大运动和精细运动发育均落后。新生儿时

期动作减少，吸吮觅食反应差。正常小儿 3 个月可抬头，仰卧位可交替踢腿、蹬踏，脑瘫患

儿 3 个月时交替踢腿少。正常小儿 4～5 个月时可伸手触物，玩弄双手，脑瘫患儿上肢不灵

活。正常小儿 6 个月可独立保持坐位，8 个月可爬行，1 岁多时可行走，未形成右利或左利，

脑瘫患儿则经常仅用一只手，动作笨拙，比正常小儿学会上述动作晚或根本不能完成。运动

损害最常见于 Apgar 评分较低者，常出现运动障碍，如同时伴有低出生体重，则精细运动常

受损。 

2、肌张力异常：肌张力可低下或异常增高，根据具体临床类型，肌张力增高可表现为

折刀样增高、阵发性增高、铅管样或齿轮样增高。可握住患儿前臂晃动手腕，握住小腿摆动

足部，了解关节活动范围大小及肌张力的变化情况。可测试牵拉实验，即握住小儿双手由卧

位拉高成坐位，观察头后垂情况判断颈背部肌张力。 

3、姿势异常：患儿在俯卧位、仰卧位，由仰卧拉成坐位，直立位出现多种异常姿势，

如“剪刀”步态、“青蛙样”姿势、尖足、屈膝、足内翻或外翻等表现。 
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4、反射异常：神经反射表现为原始反射延缓消失、保护性反射减弱或延缓出现，后期

常出现反射亢进表现。 

 

三、临床分型： 

脑瘫按临床特点分为如下 7 种类型： 

1．痉挛型（spasticity）:占 60%～70%，表现为折刀样肌张力增高，深反射活跃或亢进，

踝阵挛阳性及巴氏征阳性。 

痉挛型按受累部位可分为七类：（1）四瘫（quadriplegia）:四肢及躯干受累，上下肢严

重程度类似。（2）双瘫（diplegia）:四肢受累，下肢重，上肢及躯干轻,常见尖足及剪刀步

态。（3）双重性偏瘫（double hemiplegia）:四肢受累，双上肢重，下肢轻，或左右严重程度

不一致。（4）偏瘫（hemiplegia）:一侧肢体及躯干受累，有时上肢损害较明显。（5）截瘫

（paraplegia）:双下肢受累，躯干及上肢正常。（6）三瘫（triplegia）:三个肢体受累，很少

见。（7）单瘫（monoplegia）:单个肢体受累，很少见。痉挛性脑瘫下肢内收肌群痉挛时，

常使两腿呈剪刀样交叉，容易导致平衡困难，站立、行走不稳及跌倒。 

2．手足徐动型（athetosis）:占 20%，锥体外系受累，出现难以用意志控制的不自主运

动。当进行有意识、有目的的运动时，不自主、不协调及无效的运动增多，伸手取物时，另

一侧也用力活动，颜面、舌肌及发音器官肌肉受累时，说话、咀嚼、吞咽动作受影响，常表

现为流涎。在婴儿时期肌张力低下，平躺时几乎无自主运动，仰卧时与痉挛性姿势相反，喂

养困难，常有张嘴伸舌动作，以后肌张力渐高，智力障碍不重，可听懂语言，但发音困难，

单纯此型病人腱反射不亢进，巴氏征阴性，肌张力呈阵发性增高。 

3．僵直型（rigidity）: 较少见，锥体外系受损，全身肌张力显著增高，活动减少，肌张

力呈铅管状或齿轮状增高，腱反射不亢进，严重智力低下。 

4．共济失调型（ataxia）:较少见，表现为步态不稳、足间距增宽，四肢动作不协调，上

肢意向性震颤，指鼻不稳、肌张力低下。 

5．肌张力低下型（atonia）:四肢软瘫状，肌张力降低，关节活动范围增加，自主运动

少，为暂时表现，常转为其他类型，如手足徐动型，仰卧时象仰翻的青蛙，但可引出腱反射。

一旦受到外来的刺激，部分患儿的肌张力会异常升高，以背部伸肌为主，呈现角弓反张。 
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6．震颤型（tremor）:多个肢体静止性震颤，很少见。 

7．混合型:以上某几种类型可同时存在于一个病人，大都是痉挛型和手足徐动型同时存

在，两种类型的表现可一轻一重，或大致相同。 

 

四、诊断 

脑瘫的诊断主要靠病史及体格检查。经询问病史及神经系统查体，观察安静及活动的动

作、姿势、步态及左右是否对称，检查患者的肌力、肌张力及神经反射，注意原始反射是否

适时消失及腱反射情况。结合危险因素，发育是否落后、病情进展及合并症等方面情况进行

综合判断。CI、MRI 及脑电图对诊断脑瘫不能起肯定或否定的作用，可了解脑结构有无异常，

对判断病因及预后有帮助，脑电图对是否合并癫痫及癫痫分型有帮助。 

 

五、鉴别诊断 

1．扭转痉挛：又称为变形性肌张力障碍，临床上以肌张力障碍和肢体、躯干剧烈而不

自主的扭转为特征，肌张力在扭转时增高，而扭转停止时正常。最初症状多呈一侧下肢轻度

运动障碍，足呈内翻、跖屈，行走时足跟不着地。不自主动作以躯干及肢体近端最为严重，

入睡后症状一般可停止。原发性者常于 5～15 岁缓慢发病，发病前运动发育及运动功能常无

异常表现。 

2．脑白质营养不良：应与痉挛性双瘫鉴别，前者呈进行性，早期肌张力低下，智力倒

退，晚期肌张力增高，腱反射亢进，病理征阳性，而 1～2岁发病前运动发育正常，脑脊液中

蛋白质含量增高，可根据白细胞中芳香硫脂酶的活性明显降低确诊。 

3．小脑退行性病变应：与共济失调型脑瘫鉴别，后者随年龄增长症状逐渐加重。 

4．婴儿进行性脊髓性肌萎缩症：一般出生 3～6 个月后发病，肢体活动少，上下肢对称

性、进行性无力，表现为以近端为主的迟缓性瘫痪。智力不低，表情机敏，眼球灵活，肌张

力低下，肌肉萎缩，腱反射很早就消失。 

5．先天性肌营养不良：为常染色体隐性遗传，出生时开始出现四肢肌张力低下，关节

挛缩，智力低下，面部肌肉受累，腓肠肌多假性肥大，腱反射消失，血清肌酸磷酸激酶增高，

可通过肌肉活检确诊。 
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六、病情评估 

脑瘫的病情目前国外大都采用如下方法进行半定量分级，如改良的 Ashworth 肌张力评

分、痉挛评分，独立运动评分等。对肌张力障碍型脑瘫（dystonia），也使用 BAD 量表

（Barry-Albright dystonia scale, BAD)和 DIS 量表( Dyskinesia Impairment Scale , DIS)。运动

功能常采用粗大运动评分（Gross Motor Functional Measure, GMFM），为精确描述患者的总

体情况，睡眠、疼痛和舒适度可使用 VAS 量表（visual analogue scale, VAS）及生活质量量

表的评估。 

 

改良 Ashworth 肌张力评分 

级别 临床表现 

1 级 无肌张力增加 

2 级 肌张力轻度增高，被动伸、屈时有阻力 

3 级 肌张力明显增高，但受累部分仍较容易被伸、屈 

4 级 肌张力显著增高，被动活动较困难 

5 级 肌张力极度增高，受累部分难以被动活动 

 

七、康复训练 

脑瘫的治疗应及早进行，按照小儿运动发展规律，促进患儿的正常运动发育，抑制异常

运动和姿势。提倡家庭训练和医生指导相结合，对运动障碍及合并的语言、智力、癫痫及行

为异常进行综合干预，培养日常生活、社会交往及将来从事某种职业的能力。脑瘫尚无根治

方法，目前主要采取康复训练、药物与手术相结合的方法来缓解症状。 
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1．躯体训练（physical therapy，PT）主要训练粗大运动，特别是下肢的功能，利用机

械、物理的手段，针对脑瘫所导致的各种运动障碍及异常姿势进行一系列的训练，目的在于

改善残存的运动功能，抑制不正常的姿势反射，诱导正常的运动发育。常见的有 Bobath、

Vojta 等方法。 

Bobath 法由 Bobath 夫妇于 50 年代建立，它利用反射性抑制调整异常姿势和运动，促进

正确的运动和发育。 

Vojta 于 1960～1968 年建立了 Vojta 诱导疗法，它通过对身体一定部位的压迫刺激，诱

导产生全身性的反射性运动，抑制和阻止异常运动的发生和发展。 

2．技能训练（occupational therapy，OT）主要训练手、上肢的功能，提高日常生活能

力并为以后的职业培养工作能力。 

3．语言训练 包括发音训练、咀嚼吞咽功能训练，学会用鼻呼吸并训练小儿听力及视力，

如有听力障碍应及早配置助听器，有视觉障碍时也应及时纠正。 

4．矫形器的使用 

在功能训练的过程中，常需一些辅助器材和支具，矫正异常姿势，它可促进骨骼的生理

排列，并可降低关节周围肌肉的紧张程度，抑制异常反射的作用。 

5．物理疗法 

包括水疗和各种电疗如功能性电刺激，生物反馈疗法等。水疗通过水的温度刺激、机械

刺激、水中矿物盐的化学刺激等作用，使患儿症状缓解。 

6．骑马疗法 

通过骑马行走来刺激脑瘫患者神经系统对运动的反应，有助于提高患者坐姿控制，继而

改善行走和跑步的能力。目前已可采用骑马模拟器对患者进行训练，同样获得良好的治疗效

果。 

 

八、药物治疗 
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药物治疗脑瘫效果不太理想，但医生仍然可以通过不同的药物和给药途径缓解患者的运

动功能障碍。 

1．巴氯芬（baclofen）是突触传递强有力的阻滞剂，可同时作用于单突触和多突触反射，

达到降低肌张力、缓解痉挛的目的。口服制剂每日最大量不超过 120mg。口服氯硝安定及巴

氯芬可明显缓解患者的肌肉痉挛，对痉挛型及运动异常型（dyskinesia）均有效，随访 3 个月，

氯硝安定可使肌张力 Ashworth 评分从 1.96 降到 1.4，巴氯芬可使肌张力 Ashworth 评分从 1.84

到 1.3，两组无明显差别，最常见副作用是嗜睡。 

2．丹曲林（dantrolene）是一种直接作用于骨骼肌的肌松剂，其主要作用部位是骨骼肌

的泡浆网，通过抑制肌浆网释放钙离子而减弱肌肉收缩。适用于各种原因引起的上运动神经

元损伤所遗留的痉挛性肌张力增高状态，如中风、脑外伤、脊髓损伤、脑性瘫痪、多发性硬

化等，但 5 岁以下儿童禁用。 

3．盐酸替扎尼定（sirdalud）作用于脊髓的兴奋性神经元，抑制神经递质 L-谷氨酸和 L-

天冬氨酸的释放，从而降低对 a-运动神经元的兴奋性刺激，有效地缓解痉挛，但每日最大量

不得超过 36mg。 

4. 安坦可阻断中枢性胆碱能受体，减弱黑质—纹状体通路中乙酰胆碱的作用和降低网状

结构—丘脑及丘脑—皮质投射系统的兴奋性。扭转痉挛型脑瘫常首选安坦治疗，如无效可尝

试加巴喷丁、氯硝安定及巴氯芬片。 

5．A 型肉毒素（botulinum toxin type A）可抑制突触前乙酰胆碱的释放，从而阻断神经

肌肉传递，缓解痉挛。临床用于治疗上肢、下肢及头面、颈部肌肉痉挛。一般注射 72小时后

出现明显效果，持续 6 周～6 月，结合康复治疗和矫形器具，可延长治疗效果，无明显副作

用。但目前对于病例选择、治疗时机、治疗剂量、注射部位都无固定的规范。对局部痉挛的

脑瘫患者，配合肉毒素注射治疗，可将口服巴氯芬或替扎尼定的剂量减到原来的三分之一，

且替扎尼定效果更佳，副作用更少。 

 

九、手术治疗 

对于严重的脑瘫患者，可通过神经外科或骨科手术缓解过高的肌张力和痉挛，矫正肢体

畸形，改善异常姿势，尽可能多的恢复运动功能。 
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1. 选择性脊神经后根切断术 

选择性脊神经后根切断术（selective dorsal rhizotomy, SDR or selective posterior rhizotomy，

SPR）可在脊髓圆锥段、马尾段进行，可缓解下肢及上肢广泛肌群痉挛。早期手术多在马尾

段进行，通过 L2～S1 椎板切开，在硬膜下通过相应的椎间孔识别各节段神经后根来进行手术。

为减少椎板切除范围，降低手术创伤，圆锥段 SPR 也逐步开展。SPR 术中对脊神经后根小束

进行电刺激，通过肌电图记录下肢肌肉和括约肌反应，分辨出与痉挛形成有关的异常后根小

束。切断这些异常小束即可减轻痉挛，为以后的功能康复创造条件，同时减少对感觉及运动

的干扰，避免括约肌损伤。 

多数学者认为，只要椎板切开时关节面得到保留，脊柱不稳定的可能性非常小。个别患

者可出现腰椎变形、脊柱不稳，髋关节半脱位加重，但都不显著，与对照组比较无显著差异，

且均不需手术。 

2.立体定向神经外科手术 

立体定向神经外科手术（stereotactic neurosurgery）治疗脑瘫的文献数量较少。靶点可

选择丘脑腹外侧核、苍白球腹后部、丘脑枕及小脑齿壮核。适应证有运动异常（dyskinesia）、

震颤（ tremor）、舞蹈和手足徐动（ choreo-athetosis）、僵直（ rigidity）、肌张力障碍

（dystonia）和痉挛（spasticity）。手术对震颤、手足徐动症、肌张力障碍和痉挛有一定程度

改善。 

小脑齿状核损毁术后，约 30%患者出现痉挛显著改善，但有复发倾向。手术的副作用有

运动及感觉障碍、自主神经功能障碍和精神障碍，但多为暂时性。有学者采用立体定向枕下

入路小脑前叶电刺激手术，对表现为痉挛和舞蹈手足徐动的 4 例脑瘫患者进行治疗，经刺激

后痉挛很快缓解，而舞蹈手足徐动需数周才出现缓解。另外有学者关注此术式并将手术靶点

改为小脑上脚，但因疗效总体不佳目前已不再广泛使用。 

从多数文献随访来看，这类手术的总体疗效不佳。由于双侧核团毁损后可逐步出现吞咽

困难、发音障碍，发生后无有效治疗方法，目前毁损手术逐步被脑深部刺激器（deep brain 

stimulation, DBS）所替代，常用于肌张力障碍型脑瘫，靶点为双侧苍白球，经随访术后运动

评分、肌张力量表评分和语言评分都有所改善。 

3.鞘内巴氯芬泵 
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巴氯芬泵（intrathecal baclofen pump）导管端放置于脊髓蛛网膜下腔，按照一定设置释

放药物，极小剂量即可在脑脊液中形成有效治疗浓度，对脑瘫引起的肌肉痉挛，尤其是下肢

痉挛有良好效果，并改善患者的行走功能，对不自主运动也有改善，还可明显缓解因痉挛导

致的疼痛，患者术后出现总体运动功能评分改善，与生活质量相关指标有改善，患者社会参

与度、舒适度提高，护理强度降低等。但巴氯芬泵价格较高，可出现与外科操作、硬件设备

及药物本身相关的并发症，约为 30%，因此该手术的长期安全性和经济性还有待大宗病例的

随访观察。 

4.选择性周围神经切断术 

当患者痉挛范围比较局限，经初步康复和药物治疗无效或效果差，无固定挛缩畸形时，

可采用选择性周围神经切断术（selective peripheral neurotomy，SPN）。用局麻药对外周神

经局部阻滞，可预测手术效果。如肌皮神经 SPN 手术可治疗肘部痉挛，尺神经、正中神经

SPN 手术可治疗腕部和手指痉挛，胫神经 SPN 手术针可治疗踝痉挛，闭孔神经 SPN 手术可

治疗髋关节屈曲畸形，两者常联合应用。另外坐骨神经腘绳肌支 SPN 手术可治疗膝部痉挛；

胫后神经 SPN 手术可治疗足内翻，脚趾屈曲，腓肠肌支神经 SPN 手术可治疗马蹄足、踝阵

挛。 

SPN 的手术部位比较灵活，创伤小，效果肯定，但术后易复发。 

5.矫形手术 

神经外科手术不能完全代替传统的矫形外科手术，特别是当肢体已经出现明显的固定挛

缩畸形时，矫形外科手术将成为前述手术的必要补充。此类手术应当在痉挛和过高的肌张力

解除之后才能进行，否则，很容易出现畸形复发、症状缓解不彻底的情况。 

矫型手术包括肌腱、软组织手术和骨性手术。肌腱切断或延长术可缓解痉挛，提高运动

功能，改善畸形。 
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Intra-operative neurophysiological monitoring in selective dorsal 

rhizotomy 

 

Xiao Bo 

上海市儿童医院 

 

Abstract:  

OBJECTIVE: The use of intra-operative neurophysiological monitoring (IONM) to guide selective 

dorsal rhizotomy (SDR) to treat spastic cerebral palsy (CP) has been practiced for decades. The 

word "selective" refers to the intra-operative selection and dissection of the afferent nerve rootlets 

in spinal cord which are considered to be involved more in spasticity, so as to achieve the purpose 

of reducing the muscle tone after the surgery.  Since the importance and necessity of IONM in SDR 

have been questioned for years, the current review is trying to address those concerns via literature 

review. 

MATERIAL-METHODS: In the current review we put our focus on history of IONM-guided SDR, 

evolving EMG interpretation methods and as well as their neuroelectrophysiological basis.  

RESULTS: Taking a review of those EMG interpretation methods proposed over the past 

approximately 40 years, we could roughly categorize those methods into three major groups 

according to their basis of EMG interpretation patterns, with each being based its own 

neurophysiological hypothesis. Though cases undergone these methods-guided SDR generally had 

good outcomes, it is still not clear which hypothesis fits more the neuroelectrophysiological nature 

in spinal cord of those spastic CP patients. 

CONCLUSIONS: Selection of dorsal roots (rootlets) for rhizotomy in SDR is crucial, and directly 

correlated to the outcomes of CP cases which undergo such procedure. Giving the fact that those 

newly developed EMG interpretation methods over the past 20 years were mainly based on the 

clinical studies, their neuroelectrophysiological basis still remained unclear, though outcomes of 

CP patients undergone these methods-guided SDR were favorable, and surgery-related 

complications were extremely minimal. Nevertheless, IONM-guided SDR has provided an 
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approach to better understandings of neuronal electrophysiological circuits in spinal cord in spas tic 

CP patients, therefore giving the potential to optimize treatment. 
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S44-05 

脑性瘫痪的康复 

 

Zhang Yan 

中国康复研究中心 

 

脑性瘫痪简称脑瘫，是一组持续存在的中枢性运动和姿势发育障碍、活动受限症候群，

这种症候群是由于发育中的胎儿或婴幼儿脑部非进行性损伤所致。 

脑瘫的康复是多专业和跨学科合作的综合康复，涉及医学、工程学、教育学、心理学、

社会学的多领域多专业。脑瘫儿童的康复评估和治疗均以 ICF 为管理框架，通过康复小组的

形式，依据脑瘫儿童不同的发育年龄阶段特点，利用精确的评估，制定适合的目标，设计个

体化的康复计划，并选择适当的康复策略。 

脑瘫的康复训练包括 PT、OT、ST、水疗、理疗、中医、特殊教育、心理、矫形器制作

等多方面内容。 
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S44-06 

经椎板间入路功能性选择性脊神经后根部分切断术治疗痉挛

性脑瘫 

 

廉民学 1 王宁 1 鲍刚 1 廉海平 1宋千 1 何百祥 1 

1西安交通大学第一附属医院神经外科, 陕西西安 710061 

 

摘要： 目的 评估腰骶段椎板间入路功能性选择性脊神经后根部分切断术（FSPR）治疗痉挛

性瘫痪的疗效及安全性。方法 回顾性分析西安交通大学第一附属医院神经外科 2019 年 5 月

至 2020 年 5 月行腰骶段椎板间入路 FSPR 治疗的 25 例痉挛性脑瘫患者的临床资料，术后随

访 1年，对手术前后改良Ashworth评分（MAS）和粗大运动功能分级系统评估量表(GMFCS)

等数据进行分析。结果 本组 25 例患者全部采用椎板间入路操作，术后 MAS 分级及 GMFCS

评分较术前明显改善。术后卧床时间缩短，住院费用下降。结论 椎板间入路 FSPR 手术对骨

性结构无破坏，不增加手术风险，是一种更合理的 FSPR 手术入路。 

关键词 椎板间入路；痉挛性脑瘫；功能性选择性脊神经后根部分切断术 

 

Functional selective posterior rhizotomy via interlaminar 

approach for children with cerebral palsy 

 

LIAN Min-xue1, WANG Ning1, BAO Gang1; LIAN Hai-ping1, SONG Qian1, HE Bai-xiang1 

 

1Department of Neurosurgery, the First Affiliated Hospital, Medical School of Xi’an Jiaotong 

University; Xi’an 710061, China) 

 

ABSTRACT: Objective To evaluate the efficacy and safety of functional selective posterior 

rhizotomy via interlaminar approach in the treatment of spastic paralysis. Methods The clinical 



The 14th Annual Meeting of Chinese Neuroscience Society 

data of 25 patients with spastic cerebral palsy who received FSPR via interlaminar approach from 

the Neurosurgery Department of the First Affiliated Hospital of Xi 'an Jiaotong University from 

May 2019 to May 2020 were retrospectively analyzed. The postoperative follow-up was 1 year. 

The modified Ashworth score (MAS) and GMFCS were analyzed before and after surgery.  Results 

All the 25 patients in this group received interlaminar approach, and the postoperative MAS and 

GMFCS scores were significantly improved compared with those before surgery.The postoperative 

bed time was shortened and the hospitalization cost decreased. Conclusion Interlaminar approach 

FSPR is a more reasonable approach for FSPR surgery, which has no damage to the bone structure 

and does not increase the risk of operation. 

Key words: Interlaminar approach; Cerebral palsy; Functional selective posterior rhizotomy; 

 

Back to top ↑ 

  



September 16-19, 2021 Chongqing 

S45: Combined Neuromodulation and Imaging, and Their Clinical 
Application 

09:30 Sep.19 欢悦厅 C 

S45-01 Zang Yu-Feng 
Resting-state fMRI for precise localization of 
abnormal activity and for guiding TMS treatment 

S45-02 Xuehai Wu 
Neuromodulation to improve consciousness level 
based on the progress of consciousness 
mechanism 

S45-03 Chunlei Shan 
Status and prospect of brain rehabilitation based 
on neural circuit mechanism 

S45-04 Jijun Wang 

Improvement of Visuospatial Learning by 
Personalized Transcranial Magnetic Stimulation 
over Parieto-Hippocampal Network among 
Subjects at Clinical High-Risk for Psychosis 

S45-05 Ning Liu 
Hierarchical organization of face patches in 
macaque cortex as revealed by fMRI and 
pharmacological inactivation 

S45-06 Long Meng Ultrasound neuro-modulation 

 

Back to top ↑ 

  

 

S45-01 

静息态功能磁共振对异常脑活动的精准定位并引导精准定位

TMS 治疗 

Resting-state fMRI for precise localization of abnormal activity 

and for guiding TMS treatment 
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臧玉峰 教授 

杭州师范大学附属医院认知与脑疾病研究中心 

18606517380 

zangyf@hznu.edu.cn 

 

个人简介：臧玉峰，医学博士。杭州师范大学附属医院认知与脑疾病研究中心主任，浙江省

认知障碍评估技术研究重点实验室主任。曾经从事临床神经外科工作 14年，主要从事静息态

功能磁共振影像对异常脑活动的定位方法研究，近年来开始关注精准定位 TMS 治疗。提出

“局一致性”和“低频振幅”等方法。带领研究团队开发了REST、DPARSF、REST-GCA、

RESTplus 等软件。有 5 篇主要作者论文被引用 1019-2171 次。共同领导多个国际多中心合作。

2014 到 2019 年连续 6 年入选 Elsevier“中国高被引学者”（神经科学），2017、2018 年入选

Clarivate 高被引学者（神经与行为科学）。 

 

Abstract: Resting-state functional MRI (RS-fMRI) usually refers to the blood ogxygentaiton level 

dependent (BOLD) technique. It measures the spontaneous or on-going brain activity during a 

continuous state (a few minutes or longer) without specific cognitive tasks. With the advantages of 

fairly good spatial (~3mm) and temporal resolution (0.1-2s), no radioactivity, and easy 

implementation, RS-fMRI is a promising functional neuroimaging technique for the diagnosis and 

to guide TMS treatment of brain disorders. Of the analytic methods, metrics for local activity (e.g., 

ALFF) and metrics for point-to-point functional connectivity showed potentials to guide TMS 

treatment. Multicenter data analysis is necessary to validate the reproducibility of abnormal brain 

activity, and hence, guide precise focused brain stimulation. 
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S45-02 

Neuromodulation to improve consciousness level based on the 

progress of consciousness mechanism 

 

Xuehai Wu, Penmin Qin，Liping Wang, Zengxin Qi, Di Zang, Zhe Wang，Zeyu Xu, Weijun Tang, 

Yin Mao 

Department of Neurosurgery, Huashan Hospital, Shanghai Medical College, Fudan University, 

Shanghai, China.  Shanghai Key laboratory of Brain Function Restoration   

 

Abstract: With the development of the modern emergency medical service system, more patients 

who had severe brain damage can survive in the state of disorders of consciousness (DOC) and 

bring huge financial burden and social problems. There’re some neuromodulation technique trying 

to improve consciousness, but it’s still very limited and controversial clinically now.  

Methods: Based on early function magnetic resonance and high-density brain EEG analysis, we 

hope to filter and determine the neuromodulation indications for severe DOC patients. Thirty DOC 

patients were enrolled. Then these DOC patients will be randomized into groups, including deep 

brain stimulation (DBS) group, transcranial magnetic stimulation (TMS), control group., and 

accepted treatments respectively. All these patients were followed for six months with coma 

recovery score (CRS-R) and fMRI. 

Results: One patient died for infection in DBS group. One patient lost follow-up in DBS and TMS 

group respectively. One of ten in Control group, three of nine in TMS group, five of eight in DBS 

group shown more than four CRS-R scores improvement. There had significant difference between 

three groups. 

Conclusions:  It’s very promising for neuromodulation to improve consciousness level based on 

function magnetic resonance and high-density brain EEG analysis for DOC patients 

 

吴雪海  教授 复旦大学附属华山医院神经外科 

Wuxuehai2013@163.com, wuxuehai@fudan.edu.cn 

13764880571 

mailto:Wuxuehai2013@163.com
mailto:wuxuehai@fudan.edu.cn
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S45-03 

Status and prospect of brain rehabilitation based on neural circuit 

mechanism.  

 

Chunlei Shan 

School of Rehabilitation Science, Shanghai University of Traditional Chinese Medicine 

 

Abstract: The conventional approaches of rehabilitation for various dysfunction caused by brain 

diseases, such as motor, cognitive, language disorders, are often training - retraining according to 

the dysfunction itself rather than targeting the key cause of brain dysfunction, i.e. neural circuit 

damage and promoting its beneficial plasticity and functional reorganization. Brain imaging and 

electrophysiological technology can reveal the damage status and plasticity trend of neural circuits 

from brain regions, fiber tracts, functional connections, molecular and biochemical dimensions, 

which can help to select more optimized rehabilitation training methods that can promote brain 

plasticity and functional recovery, as well as more reasonable neuromodulation strategies and 

methods. The development of neuromodulation technology such as transcranial magnetic 

stimulation (TMS), transcranial electrical stimulation (tES) and the integration with traditional 

Chinese medicine such as acupuncture will bring bright prospects for brain rehabilitation.  
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S45-04 

Improvement of Visuospatial Learning by Personalized 

Transcranial Magnetic Stimulation over Parieto-Hippocampal 

Network among Subjects at Clinical High-Risk for Psychosis  

 

Yingying Tang, Lihua Xu, Tianyuan Zhu, Yanyan Wei, Zhenying Qian, Huiru Cui, Mengting Shen, 

Tianhong Zhang, Xiaochen Tang, Yegang Hu, Jianhua Sheng, Chunbo Li, Jijun Wang*.  

 

Shanghai Key Laboratory of Psychotic Disorders, Shanghai Mental Health Center, Shanghai Jiao 

Tong University School of Medicine, Shanghai, China.  

 

Corresponding author: Jijun Wang, jijunwang27@163.com  

 

Abstract: Objective: Subjects at clinical high-risk for psychosis (CHR) are characterized by 

cognitive deficits, in which visuospatial learning (VSL) deficit is highly associated with the risk of 

psychosis transition. Early interventions targeting the enhancement of VSL are warranted in CHR 

but remains in an initial stage. The authors firstly investigated whether personalized transcranial 

magnetic stimulation (TMS) over the parieto-hippocampal network can improve the VSL 

performance in CHR and reduce the individualized risk of psychosis. 

Methods: A total of 65 CHR subjects were randomized to receive active or sham TMS treatments 

using an accelerated TMS protocol, which consisted of 10-session 20-Hz TMS treatment within 

two days. TMS target was defined by individual functional connectivity between the left inferior 

parietal lobule and hippocampus and precisely localized by individual structural MRI images. The 

VSL performance was measured by Brief Visuospatial Memory Test – Revised task included in the 

MATRICS Consensus Cognitive Battery (MCCB).  

Results: Fifty-eight CHR subjects completing TMS treatments and MCCB assessments were used 

for data analysis. Significant VSL improvements were observed in the active TMS subgroup but 

not in the sham TMS subgroup. CHR subjects with active TMS also showed a higher remission rate 

of 70.37% and a significant reduction of individualized conversion risk at follow-up, while CHR 

mailto:jijunwang27@163.com
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subjects with sham TMS showed a remission rate of 47.62% and no significant reduction of 

individualized risk.  

Conclusions: Personalized TMS targeting the left parieto-hippocampal network can improve VSL 

in CHR subjects, which is also promising in reducing the individualized risk of developing into 

full-blown psychosis.  

Key words: clinical high-risk for psychosis; visuospatial learning; personalized transcranial 

magnetic stimulation; parieto-hippocampal network; risk of developing into psychosis. 

 

Back to top ↑ 

 

S45-05 

Hierarchical organization of face patches in macaque cortex as 

revealed by fMRI and pharmacological inactivation 

 

Ning LIU1,*  

 

1 State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, Chinese Academy of 

Sciences, Beijing 100101, China 

 

*Corresponding author 

E-mail: liuning@ibp.ac.cn 

 

Abstract: Although the location of face patches has been well established in the primate visual 

cortex, the functional circuitry among these regions remains unclear. To clarify the functional 

relationships among these regions, in two monkeys (four hemispheres), the GABA A agonist 

muscimol was infused into each individual face patch to eliminate its contribution and then the 

impact of the inactivation on the rest of the face network was assessed using fMRI. During the 

scanning, both faces and objects were presented to the monkeys and response profile was measured. 
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The results from the inactivation sessions were compared with those obtained from baseline, 

vehicle infusion sessions. We found that the functional network among the face-processing regions 

is hierarchically organized: the anterior face patches in IT cortex require inputs from the middle 

face patches for their responses to both faces and objects, while face selectivity in the middle face 

patches arises in part from top-down inputs from the anterior face patches. Our findings indicate 

that the face patches form a bidirectional hierarchical network organized along a posterior -anterior 

axis, which is also, in parallel, organized along a medial-lateral axis.  

Keywords: face patches; fMRI; inactivation; macaque 
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S45-06 

Ultrasound neuro-modulation 

 

Long Meng 

Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences 

 

Abstract: Stimulation and modulation of neural circuit are among the fundamental ways of 

neuroscience to probe the neural mechanisms from molecular to behavioral levels, embedding the 

scientific and technological prospects to effectively treat entities including Parkinson disease, 

epilepsy and depression. Transcranial ultrasound is an emerging technology for non-surgical 

stimulation of the animal and human brain. We developed a series of ultrasound neuro-modulation 

tools to investigate the interactions between the ultrasound and the neurons, C. elegans, mice and 

non-human primates. The mechanism of ultrasound induced neural activity was investigated. 

Moreover, by establishing several animal disease models, ultrasound has proven to be effective in 

treatment of PD and epilepsy in mice. For the non-human primates, we confirmed that ultrasound 

stimulation significantly reduced the frequency of seizures in acute epileptic monkeys. Thus, it is 

anticipated that ultrasound neuromodulation could be applied to the clinical use in the near future.  
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Integration and package technology in Implantable 
neural interface 

S46-05 Meng Li 
Encoding and decoding of large-scale neural 
signals 

S46-06 Xinxia Cai 
Neural Micro-Nano Electrode Array with High 
Spatial and Temporal resolution 

 

Back to top ↑ 

 

 

S46-01 

基于 MEMS 技术的植入式脑机接口器件研究 

 

刘景全 

上海交通大学 

 

摘要：植入式脑机接口（BCI）是通过神经接口器件记录或刺激神经活动，将中枢神经或者

外周神经与外部世界连接起来，从而实现对复杂的神经元信号进行解析。脑机接口器件的研

究对于神经科学、运动感知能力受损后恢复以及脑疾病诊治具有非常重要的意义。本报告主

要介绍基于 MEMS 技术的植入式脑机接口器件。重点介绍平面型可植入脑机接口器件、探针

型脑机接口器件、脑机接口器件电极的表面改性和相关的动物实验。分析了脑机接口器件的
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发展趋势主要向高密度和多功能方向发展。尤其随着光遗传学的出现为神经环路研究带来了

革命性的影响，同时介绍光电集成的多功能脑机接口器件。 
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S46-02 

The full toolchain technology development of Brain Machine 

Interface system 

植入式脑机接口系统的全技术链研发 

 

 

李骁健、邓春山、戴辑 

中国科学院深圳先进技术研究院 

 

摘要：作为代表着脑科学研究成果重要转化落地方向的脑机接口技术，近两年成为社会关注

的热点。尤其以Neuralink公司为代表的高集成度的先进脑机接口设备系统的研发，正在快速

突破植入式脑机接口技术在获取的脑神经信息量和植入接受度等方面的技术瓶颈。高通量脑

机接口硬件系统作为脑机接口应用的底层支撑技术，也是我们的研究重心和主要突破点。通

过努力实现贯通从传感到效应的系统技术链，为中国高性能植入式脑机接口技术的发展奠定

基础。 
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S46-03 

Implantable opto-electric brain-computer interfaces based on 

flexible electronics technology 

(基于柔性电子技术的可植入光电集成脑机接口) 

 

Bowen Ji 

Northwestern Polytechnical University 

 

Abstract: Brain-computer interface (BCI) is a direct connection pathway established between the 

brain and external devices. The study of BCI devices is of great significance for neuroscience, 

recovery after impaired motion and perception, and diagnosis and treatment of brain diseases. On 

one hand, optogenetics has brought a revolutionary impact on the study of neural circuits. By 

specific wavelength of light stimulation, selective stimulation or inhibition of neurons can be 

achieved with millisecond time accuracy. On the other hand, the traditional large-size 

electrocorticogram (ECoG) electrode used for monitoring intractable epilepsy, is changing towards 

smaller size, high density and multifunctional integration with the progress of MEMS technology. 

In order to realize the optogenetics-based optical stimulation and neural recording functions, it is 

necessary to develop new miniaturized opto-electric integrated BCI devices, introducing the light 

source into specific brain areas with high spatial and temporal resolution, and reading the feedback 

of neural signals simultaneously. At present, the research of this kind of multifunctional flexible 

electronics is still in the primary stage. 

Although the opto-electric integrated flexible BCI devices based on MEMS technology have 

advantages of high density, mechanical flexibility and multifunction, there still exist serious 

inadequacies, including the following three aspects: (1) The rigid micro-LED chips will affect the 

overall flexibility of device; (2) The assembled device cannot adapt to the deformation from brain 

and cover due to the insufficient self-stretchability; (3) The modified materials, such as conductive 

polymers, are prone to crack or fall off, resulting in the unsatisfactory stability for neural signal 

acquisition during long-term implantation. This presentation will give corresponding solutions to 

the above problems. 

Keywords: implantable electrodes, brain-computer interface, opto-electric integration, flexible 

electronics 
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(植入式电极，脑机接口，光电集成，柔性电子) 

 

Biography: Bowen Ji (吉博文) received the Ph.D. degree in electronics science and technology 

from Shanghai Jiao Tong University, China, in 2019, with co-culture in Northwestern University, 

USA, from 2016 to 2018. Now, he is the associate professor in Northwestern Polytechnical 

University, Xi’an, China. 

His current research interests include Bio-MEMS, implantable BCI, wireless wearable sensors and 

human-computer interaction, etc. He focuses on multiple non-silicon MEMS devices, from 

simulation, design, microfabrication to testing in vitro and in vivo, including the flexible and 

stretchable opto-electric BCI with embedded micro-LEDs for electrophysiology and optogenetics, 

the flexible BCI with enhanced micro-wrinkles for high electrochemical stability, the binodal, 

wireless epidermal electronic systems with in-sensor analytics for neonatal intensive care, and the 

skin-integrated wireless haptic interfaces for virtual and augmented reality.  

He has published more than 40 papers including Microsystem & Nanoengineering, Biosensors and 

Bioelectronics, IEEE Transactions on Electron Devices, Journal of Materiomics  as the first author, 

as well as Science, Nature, Nature Medicine, Nature Biomedical Engineering as the listed author. 

His papers have been cited more than 800 times in google scholar (i10 index=15). He holds 10 

authorized Chinese patents in the area of neural interface devices. Besides, he is the IEEE member 

and senior member of CIE, CSMNT and CIS. 
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Integration and package technology in Implantable neural 

interface 

 

Wang Yang, Pei Weihua, Wei Chunrong, Li Yamin 

Institute of semiconductors, CAS 
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Abstract: The human brain contains about 86 billion neurons, and the connections between neurons 

are a thousand times greater than the neural number. Regulation and recording is an important 

method to study the function of the brain mechanisms. A device that can transfer the information 

between the neurons and the out-world is necessary to realize the process. This kind of device is 

named a neural interface. The function and the throughput are two critical indicators of the neural 

interface. The activity of the neurons can be regulated by electricity, light, and chemical substances 

and can be recorded by the electrode and the optical probe. How to design and fabricate a device 

with more channels and more functions without affecting the operation of the brain? It requires 

constant innovation and optimization in the material, integration mode, and packaging method. This 

report briefly reviews the development of multifunctional and multichannel neural interfaces in our 

group. The research status and future development trend of the implantable neural interface are also 

reviewed. 

 

Back to top ↑ 

 

S46-05 

Encoding and decoding of large-scale neural signals 

 

Meng Li 

Shanghai Institute of Microsystems and Information Technology, the Chinese Academy of Sciences, 

Shanghai 200050, P.R. China 

li.meng@mail.sim.ac.cn 

 

Abstract: As one of the core modules of the Brain-Machine Interface (BMI), interpreting large-

scale neural signals is not only essential for the performance of the BMI system, but also advances 

our understanding of neural computation in the brain. In this talk, I will present two results 

emerging from the encoding and decoding of large-scale neural signals.  
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First, I will introduce the “Neural Self-Information Theory” that the interspike-interval (ISI), or the 

silence-duration between 2 adjoining spikes, carries self-information that is inversely proportional 

to its variability-probability. Specifically, higher-probability ISIs convey minimal information 

because they reflect the ground state, whereas lower-probability ISIs carry more information, in 

the form of “positive” or “negative surprisals,” signifying the excitatory or inhibitory shifts from 

the ground state, respectively. These surprisals serve as the quanta of information to construct 

temporally coordinated cell-assembly ternary codes representing real-time cognitions. Accordingly, 

we devised a general decoding method and unbiasedly uncovered different cell assemblies 

underlying distinct brain states, such as different sleep cycles, fear-memory experiences, spatial 

navigation, and 5-choice serial-reaction time (5CSRT) visual-discrimination behaviors.  

Second, using tracking microscopy to monitor whole-brain neuronal activity at cellular resolution 

in freely moving zebrafish larvae and DNN to track multiple objects in the images, we show that 

zebrafish spontaneously alternate between two persistent internal states during foraging for live 

prey (Paramecia). By analyzing the activities of ~10000 neurons in the brain, we uncover a dorsal 

raphe subpopulation with persistent activity that robustly encodes the exploitation state. The 

exploitation-state-encoding neurons, together with a multimodal trigger network that is associated 

with state transitions, form a stochastically activated nonlinear dynamical system. The activity of 

this oscillatory network correlates with a global retuning of sensorimotor transformations during 

foraging that leads to marked changes in both the motivation to hunt for prey and the accuracy of 

motor sequences during hunting. This work reveals an important hidden variable that shapes the 

temporal structure of motivation and decision-making. 
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Neural Micro-Nano Electrode Array with High Spatial and 

Temporal resolution 
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Xinxia Cai 

Aerospace Information Research Institute, Chinese Academy of Sciences 

 

摘要：在活体脑神经信息原位检测方面，神经细胞递质化学和放电信息活动瞬态微弱，微损

伤、精确定位的原位探测难以实现。本研究提出高时空分辨神经微纳电极阵列原位双模检测

方法，设计构筑并发现微电极直接神经接口纳米蛋白界面抗干扰效应和高电子传递能力，研

制出植入式高灵敏双模微纳电极阵列脑机接口及其高时空分辨神经信息检测调控仪器，可更

加准确捕捉神经细胞递质化学和电活动信息，弥补单模式检测的信息缺失，进而实现了对大

小鼠和食蟹猴脑神经细胞的高时空分辨检测，发现了食蟹猴帕金森病灵长类脑深部双模原位

同步变化现象，为脑机接口信息获取与脑功能定位提供了先进的高性能器件和基础技术。 
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S47-01 Pingbo Huang 
TMC1, LHFPL5, and the mechanotransduction 
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S47-02 Bailong Xiao 
PIEZO-mediated mechanotransduction in brain 
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S47-01 

TMC1, LHFPL5, and the mechanotransduction complex in hair 

cells  

 

Pingbo Huang 

Division of Life Science, Hong Kong University of Science and Technology, Hong Kong, China.  

 

Abstract: The channel that governs mechanotransduction (MT) by hair cells in the inner ear has 

been studied intensively for 4 decades, but its molecular identity remains enigmatic. Recently, 

transmembrane channel-like protein 1 (TMC1) and lipoma HMGIC fusion partner-like 5 (LHFPL5) 
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are recognized as two critical components of the mechanotransduction complex in inner-ear hair 

cells. Our recent work examined the localization, physical and functional interactions, and 

alternative splicing of TMC1 and LHFPL5 by using multiple approaches, including our newly 

developed ultrasensitive microbead-based single-molecule pulldown (SiMPull) assay. We 

demonstrated that LHFPL5 physically interacted with and stabilized TMC1 in both heterologous 

expression systems and in the soma and hair bundle of hair cells. Moreover, the semi-dominant 

deafness mutation D572N in human TMC1 (D569N in mouse TMC1) severely disrupted LHFPL5 

binding and destabilized TMC1 expression. Thus, our findings reveal previously unrecognized 

physical and functional interactions of TMC1 and LHFPL5 and provide insights into the molecular 

mechanism by which the D572N mutation causes deafness. Notably, these findings identify a 

missing link in the currently known physical organization of the mechanotransduction 

macromolecular complex. In addition, our findings on the alternative splicing of TMC1 and 

LHFPL5 genes reveal the potential complexity of the MT-complex composition and provide critical 

insights for guiding future research on the function, regulation, and trafficking of TMC1, and 

LHFPL5.  

 

This work was supported by Hong Kong RGC GRF16102417, GRF16100218, and GRF16102720, 

NSFC-RGC Joint-Research Scheme N_HKUST614/18, Shenzhen Basic Research Scheme 

(JCYJ20170818114328332), SMSEGL20SC01-K, and in part by the Innovation and Technology 

Commission (ITCPD/17-9). 
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PIEZO-mediated mechanotransduction in brain structure and 

cognitive function 

 

Bailong Xiao 

Tsinghua University 
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Abstract: Brain development and cognitive functions are generally believed to be dominated by 

chemical- and electrical-transduction mechanisms. In contrast, the involvement and importance of 

mechanotransduction in brain function are relatively less appreciated. Using a combination of 

techniques including immunostaining, electrophysiology, calcium imaging, brain slice recordings, 

cell type-specific transgenic mice of either conditional knockout or overexpression, and behavioral 

analysis, here we show that the bona fide mechanosensitive PIEZO channels mediate mechano-

chemo transduction in the brain and consequently robustly regulate in vivo adult neurogenesis and 

learning and memory behaviors, highlighting the importance of mechanotransduction in brain 

development and cognitive function.   
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The osmosensor Tmem63b maintains hair cell shape via Ca2+-

dependent regulatory volume decrease 

 

Yun Stone Shi  

Nanjing University, China 

 

Abstract: Life has evolved appropriate adaptive responses to maintain cell shape and volume when 

facing osmotic stress. Hypotonic stress causes the activation of swelling-activated nonselective 

cation channels (NSCCs), which leads to a Ca2+-dependent regulatory volume decrease (RVD) and 

the adaptive maintenance of cell volume; however, the molecular identities of the osmosensitive 

NSCCs remain unclear. Here, we identified Tmem63b as an osmosensitive NSCC activated by 

hypotonic stress. Tmem63b is enriched in the inner ear sensory hair cells. Genetic deletion of 

Tmem63b results in necroptosis of outer hair cells (OHCs) and progressive hearing loss. 

Mechanistically, the Tmem63b channel mediates hypoosmolarity-induced Ca2+ influx, which 

activates Ca2+-dependent K+ channels required for the maintenance of OHC morphology. These 
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findings demonstrate that Tmem63b is the osmosensor of mammalian ear and the long-sought 

cation channel mediating Ca2+-dependent RVD.  
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Mechanical regulatioin of feeding behaviors 

 

Wei Zhang 

Tsinghua Universtity 

 

Abstract: Animal feeding is under rigorous control. Previous studies in Drosophila have revealed 

the roles of external sensory cues and internal metabolic state in coordinating food intake, but 

whether and how it is regulated by enteric neurons on the digestive tract remains unknown. Here, 

we identified a group of piezo+ neurons innervating the fly crop wall that monitor the crop volume 

to inhibit food over-consumption. Piezo knockout flies feed several folds more than control flies 

under the same fasting condition. Cell bodies of the crop piezo+ neurons are located at the pars-

intercelebris (PI), a brain center involved in hemostatic control for the fly. Intriguingly, we found 

that some of these neurons express peptides that have been shown to regulate food intake and 

metabolism. Moreover, knockdown of Piezo in these neurons phenocopies the overconsumption 

phenotype of piezo mutant flies, whereas expression of Piezo in these neurons rescues the 

overconsumption phenotype of the mutant. Importantly, the piezo+ neurons at PI respond directly 

to crop distension. Taken together, mechanosensory cues from the digestive tract provide a rapid 

satiety signal along the “brain-gut axis” to control feeding together with the neuro-peptide pathways. 
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Mechanosensation by endothelial PIEZO1 is required for 

leukocyte diapedesis  

 

ShengPeng Wang1,2, Boris Strilic2, Yue Shi1, Ingrid Flemming3, Nina Wettschureck2,3, Dietmar 

Vestweber4, Stefan Offermanns2,3 

1Cardiovascular research center, Xi’an Jiaotong University 

2Max Planck Institute for Heart and Lung Research, Germany 

3Centre for Molecular Medicine, University of Frankfurt, Germany 

4Max Planck Institute for Molecular Biomedicine, Münster, Germany  

 

Abstract: The extravasation of leukocytes is a critical step during inflammation which requires the 

localized opening of the endothelial barrier. This process is initiated by the close interaction of 

leukocytes with various adhesion molecules such as intercellular adhesion molecule-1 (ICAM-1) 

on the surface of endothelial cells. It is still unclear how these initial processes induce downstream 

signaling events resulting in the opening of inter-endothelial junctions to allow leukocyte 

diapedesis. Here we show that mechanical forces induced by leukocyte-induced clustering of 

ICAM-1 and fluid shear stress exerted by the flowing blood synergistically activate the 

mechanosensitive cation channel PIEZO1 in endothelial cells. In human and mouse endothelial 

cells exposed to low flow, PIEZO1 mediates leukocyte-induced increases in [Ca2+]i and activation 

of downstream signaling events including phosphorylation of SRC, PYK2 and myosin light chain 

(MLC) leading to endothelial barrier opening. Mice with endothelium-specific loss of Piezo1 show 

decreased leukocyte extravasation in different inflammation models. We found that actin 

polymerization and actomyosin contraction induced by ICAM-1 clustering synergistically with 

fluid shear stress increase endothelial plasma membrane tension to activate PIEZO1. Our data 

reveal a mechanism by which leukocytes and the hydrodynamic microenvironment synergize to 

activate endothelial PIEZO1 and subsequent downstream signaling to initiate leukocyte diapedesis.  
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S47-06 

Molecular Basis of Mechanotransduction in Mammalian Hearing 

and Worm’s Touch 

 

Yi-Quan Tang  

MRC Laboratory of Molecular Biology 

 

Abstract: Mechanotransduction channels have been proposed as force sensors in various 

physiological processes such as hearing and touch. In particular, TMC1 has been shown to 

constitute the pore of hair cell mechanotransduction channels, but little is known about how force 

is sensed by TMC channels. We have recently used the genetic tractability of C. elegans to reveal 

a novel molecular mechanism by which TMC channels respond to force. Our study indicates that 

ankyrin, which provides enough extensibility and elasticity to serve as a gating spring, act as a 

long-sought intracellular tether that transmits force to TMC mechanotransduction channels via the 

evolutionarily conserved calcium and integrin-binding protein (CIB) in the sensory cilia of C. 

elegans mechanoreceptor, and possibly at the dense bodies of body wall muscles.  In addition, we 

also establish CIB2 and CIB3 as essential components of the mechanotransduction machinery in 

mouse auditory and vestibular hair cells. Our research has led to important discoveries that have 

advanced our understanding of the molecular basis of hearing. 
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Rhythmic sampling of multiple visual features by human 

attention 

 

Fang Fang 

School of Psychological and Cognitive Sciences, IDG/McGovern Institute for Brain Research, Peking-

Tsinghua Center for Life Sciences  

Peking University, Beijing, China 

 

Abstract: In everyday life, our brain is faced with the critical challenge of selecting the most 

relevant fraction of external inputs at the expense of less relevant information. Attention is widely 
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acknowledged to be responsible for this selection process. When a feature is attended, it has been 

found that all locations containing this feature are enhanced throughout the visual field, indicating 

a winner-take-all mechanism in the feature space. However, it remains unknown how the brain 

concurrently attends to multiple features, which could not be simply deducted from classical 

attention theories. In this study, we recorded magnetoencephalography (MEG) signals from human 

subjects when they were attending to two orientation features that overlapped in space. A time-

resolved multivariate inverted encoding model (IEM) was employed to track the ongoing temporal 

courses of the neural representations of the concurrently attended orientations. We found that, 

instead of being simultaneously and persistently enhanced, the neural representations of the 

attended orientations alternated with each other as they underwent a theta-band (~4 Hz) rhythmic 

fluctuation over time. Using a time-resolved behavioral measurement, similar temporal profiles 

were revealed in orientation discrimination performance when subjects attended to the two 

orientations concurrently. Computational modeling suggests that such a rhythmicity in the 

orientation representations can be well characterized by a tuning competition process between the 

neuronal populations that are selectively tuned to the attended orientations. Taken together, our 

findings revealed for the first time a rhythm-based, time-multiplexing neural machinery supporting 

concurrent multi-feature attention. 

Key words: feature attention, rhythmic attention, MEG, theta-band, Inverted encoding model 
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Mechanisms underlying brain vasculature formation 

 

Ting-Ting LIU, Shan-Ye GU, Qi CHEN, Bing XU, Hong-Yu LI, Yu ZHANG, Hua-Xing ZI, Jia LI, 
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Institute of Neuroscience, State Key Laboratory of Neuroscience, Center for Excellence in Brain 

Science & Intelligence Technology, Chinese Academy of Sciences, 
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* Corresponding author 

E-mail: forestdu@ion.ac.cn 

Abstract: The brain blood vasculature consists of a highly ramified vessel network that is tailored 

to meet its physiological functions. How the brain vasculature is formed has long been fascinating 

biologists. Using in vivo imaging of larval zebrafish together with multiple methods, we reveal 

general mechanisms governing the formation of brain vasculature. Endothelial tip cells (ETCs) 

located at the leading edge of growing vascular plexus surrounding the brain guide angiogenic 

sprouts to penetrate into the brain and approach target vessels, a process fundamental for brain 

vascular pattern formation. During ETC migration, its branches display dynamic extension and 

retraction. The branch extension is mainly driven by VEGF secreted from neurons in a neural 

activity-dependent manner, meanwhile the retraction is mainly mediated by tissue stiffness-

triggered activation of the mechan-sensitive channel Piezo1 expressed on ETCs. Both processes 

settle down the general pattern of the brain vasculature. On the other side, blood flow change -

induced pruning of vessels removes redundant vessels and simplifies the structure of the brain 

vasculature. Furthermore, we found that microglia play a permissive role for the growth but not for 

pruning of vessels. This series of studies elucidate how the brain vasculature. 

Keywords: vessel; vasculature; angiogenesis; pruning; blood flow; brain-blood barrier; zebrafish 
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* Corresponding Author 

 

Abstract: The perception of color is an internal label for the inferred spectral reflectance of visible 

surfaces. To study how spectral representation is transformed through modular subsystems of 

successive cortical areas, we undertook simultaneous optical imaging of intrinsic signals in 

macaque V1, V2, and V4, supplemented by higher-resolution electrophysiology and two-photon 

imaging in awake macaques. We find a progressive evolution in the scale and precision of 

chromotopic maps, expressed by a uniform blob-like architecture of hue responses within each area. 

Two-photon imaging reveals enhanced hue-specific cell clustering in V2 compared with V1. A 

phenomenon of endspectral (red and blue) responses that is clear in V1, recedes in  V2, and is 
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virtually absent in V4. The increase in mid- and extra-spectral hue representations through V2 and 

V4 reflects the nature of hierarchical processing as higher areas read out locations in chromatic 

space from progressive integration of signals relayed by V1. 
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Neural basis of healthy aging 

 

Shi-Qing Cai 

Institute of Neuroscience and State Key Laboratory of Neuroscience, CAS Center for Excellence in 

Brain Science and Intelligence Technology, Chinese Academy of Sciences, Shanghai 200031, China.  

Email：sqcai@ion.ac.cn 

 

Abstract: Aging is accompanied with behavioral and cognitive decline. The neural basis of age-

related behavioral decline is largely unclear. We report that serotonin (5-HT) and dopamine (DA) 

level decrease with age in C. elegans. The reduction results in deterioration of some important 

behaviors, including pharyngeal pumping, food-induced slowing responses, and male mating. 

Longevity manipulations differentially affect the age-related decline in neuronal level of 5-HT/DA 

and dietary restriction preserves healthy behaviors in aged worms partially by sustaining a high 5-

HT/DA level. In addition, through genome-wide RNA-interference-based screening of genes that 

regulate behavioural deterioration in ageing C. elegans, we identify 59 genes as potential ageing 

modulators. Among these modulators, two neuronal epigenetic readers BAZ-2 and SET-6 

accelerate behavioural deterioration in C. elegans by reducing mitochondrial function, repressing 

the expression of nuclear-encoded mitochondrial proteins. The mechanism is conserved in cultured 

mouse neurons and human cells. Examination of human databases shows that expression of the 

human orthologues of these C. elegans regulators, BAZ2B and EHMT1, in the frontal cortex 

increases with age and correlates positively with the progression of Alzheimer’s disease. Ablation 

of Baz2b, the mouse orthologue of BAZ-2, attenuates age-dependent bodyweight gain and prevents 
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cognitive decline in ageing mice. Taken together, these findings have unravelled conserved 

neuronal mechanism underlying healthy ageing, suggesting possible ways to achieve healthy ageing. 
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Compositional Representation of Sequence Memory by Macaque 

Prefrontal Neurons 

 

Liping Wang  

Center for Excellence in Brain Science and Intelligence Technology, CAS   

 

Abstract: Most, if not all, behavior is organized in sequences. However, how the brain represents 

a sequence in memory remained largely unknown. Here, we investigated the neural code of 

sequence memory by using two-photon calcium imaging in macaque monkeys performing a 

delayed-sequence reproduction task, which involved viewing a sequence of locations on a hexagon 

and reproducing it by sequential saccades. We found a compositional neural code of sequence 

memory in prefrontal cortex, factorizing between spatial item and ordinal rank. While the codes in 

the item dimension preserved the hexagon structure, the ordinal ranks were represented by 

independent low-dimensional subspaces and could be generalized to novel and variable length 

sequences. The rank code was graded and compressive and was instantiated by the same population 

of prefrontal neurons. Crucially, the properties of factorized codes can well explain benchmarks of 

macaque sequence behavior. Our data thus support the compositional code of spatial sequence, 

which could be potentially generalized to any neuronal structures with a progression through 

ordinal sets. 
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A Circadian-gated Non-Image-Forming Visual Pathway 

Mediates Light-At-Night-Induced Depressive-like Behavior 

 

Huan Zhao 

USTC 

 

Abstract: Light is crucial for most species, including humans, to survive and thrive. Besides its 

obvious role in the generation of vision, light modulates a wide variety of physiolog ical functions 

such as the biological rhythm, sleep and arousal, cognition and mood. While light therapy applied 

in the daytime is known to have anti-depressive properties, excessive light exposure at night has 

been reportedly associated with depressive symptoms. The neural mechanisms underlying this day–

night difference in the effects of light are unknown. Using a light-at-night (LAN) paradigm in mice, 

we showed that LAN induced depressive-like behaviors without disturbing the circadian rhythm. 

This effect was mediated by a neural pathway from retinal melanopsin-expressing ganglion cells 

to the dorsal perihabenular nucleus (dpHb) to the nucleus accumbens (NAc). Importantly, the dpHb 

was gated by the circadian rhythm, being more excitable at night than during the day. This indicates 

that the ipRGC→dpHb→NAc pathway preferentially conducts light signals at night, thereby 

mediating LAN-induced depressive-like behaviors. These findings may be relevant when 

considering the mental health effects of the prevalent nighttime illumination in the industrial world. 
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Educational evaluation supported by brain science 

 

 Dongchuan Yu 1,2,3 

1 Research center for Learning science, Southeast University 

2 Key Laboratory of Child Development and Learning Science of Ministry of Education 

3 School of Biological Sciences & Medical Engineering, Southeast University 

 

Abstract: Deepening the reform of education evaluation has become a hot topic currently. This 

report will discuss the methods and paths of education evaluation from the perspective of brain 

science, and introduce the relevant research results carried out by the reporter. This report will 
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discuss deeply the evaluation of students' key abilities, understanding of core concepts, and 

formative assessment, from the perspective of gene-brain-behavior. In addition, it will explore the 

guidance of educational evaluation on practice.  

 

Keywords: Educational evaluation; Neuroeducation; Multimodality 

 

脑科学支撑下的教育评价研究与实践 

 

禹东川 1,2,3 

1 东南大学学习科学研究中心 

2 儿童发展与学习科学教育部重点实验室 

3 东南大学生物科学与医学工程学院 

 

 

摘要：深化教育评价改革成为当下教育界的热点话题，本报告将从脑科学视角来探讨教育评

价的方法和路径，并介绍报告人开展的相关研究结果。本报告将从“基因-脑-行为”视角来

探讨学生关键能力的评估、核心概念理解的评估、过程性评价等问题，并探讨教育评价对教

育实践的指导。 

 

关键词：教育评价；神经教育学；多模态方法 

 

 

Back to top ↑ 

 

 



September 16-19, 2021 Chongqing 

S49-02 

Developmental Neuroimaging Meets Education 

 

Xi-Nian Zuo 

Beijing Normal University 

 

Abstract: Brain science is highly integrated across multiple disciplinaries with one research 

frontier to resolve the mechanism on brain development during childhood and adolescence. 

Magnetic resonance imaging has greatly advanced the rapid progress of developmental 

neuroimaging due its non-invasive, high accuracy of location and full-brain coverage. During this 

presentation, I will share the stories of building a cohort on development of brain and mind at 

school age ‘Chinese Color Nest Project – Growing Up in China, finding the regular pattern of 

different brain growth curves in children and adolescents between China and United States ’ [1], 

developing the framework on reliability and validity of individual difference measurements [2] as 

well as the neuroimaging validation. These bases the discovery journey that revealed age-related 

changes of the human functional connectomes, the human parietal memory network and that the 

human connectome gradually shifts from an ‘anatomically driven’ organization to one that is more 

‘topological’ [3]. The success of modeling the growth chart measurement on brain development 

across school age will translate them into individualized applications for education and health, and 

finally revolutionize their practice. 

 

Key References:  

[1] Dong et al., Science Bulletin, 2020, 65(22): 1924-1934. 

[2] Zuo et al., Nature Human Behaviour, 2019, 3(8):768-771. 

[3] Zuo et al., Trends in Cognitive Sciences, 2017, 21(1):32-45. 
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S49-03 

Brain Based Measure and Intervention of Risky Behavior in 

Adolescents 

 

Qing-Hua HE* 

Faculty of Psychology, Southwest University, Chongqing, 400715 China 

* Email: heqinghua@swu.edu.cn 

 

Abstract: Risky behavior refers to those that potentially expose people to harm which will prevent 

them reaching their potential. Existing literature have found that prefrontal cortex was vital for 

risky decision making. Here, we tried to examine whether a non-invasive brain stimulation 

technique, high-definition direct current stimulation (HD-tDCS), which modulates brain activity in 

regions of the brain that process value/gain assessments (L DLPFC), may change the risky behavior 

in adolescents. In a series of experiments, we found that cathodal stimulation of L DLPFC may 

change the assessments of the risky behavior, and significantly reduced the attitude and intention 

of the risky behavior. These findings extend the understanding of risky behaviors, improve the 

causal support for the common assumption made by rational choice theory studies, and pave the 

way for future use of brain stimulation techniques in risky behavior research. 

Keywords: Risky behavior; tDCS; adolescents; decision making; intervention 
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S49-04 

Overcoming the Natural Number Bias in Arithmetic Operations: 

The Role of Inhibitory Control and Its Neurocognitive Basis 

 

Li Xiaodong1, Xu Ping2, Jiang Ronghuan1, Chen Shuang1 

 

1School of Psychology, Shenzhen University,  

2College of Education, Wenzhou University 

 

Abstract: The natural number bias (NNB) in arithmetic operation refers to the application of 

natural number properties (e.g., multiplication produces bigger numbers) when reasoning about 

rational numbers. Previous studies indicated that the bias would interfere with students’ problem-

solving. However, the underlying mechanism of overcoming this bias is unclear. The present study 

conducted three experiments to address this issue. In Experiment 1a (n=108) and 1b (n=30), we 

designed a new task in which students were asked to judge whether a positive integer became larger 

or smaller after an arithmetic operation (e.g., multiplication) either in congruent problems (i.e., 

consistent with natural numbers operations) or incongruent problems (i.e., conflict with natural 

numbers operations). Students spent more time when solving the incongruent problems compared 

to congruent problems, indicating that the NNB of arithmetic operation existed in the task. 

Experiment 2 (n=109) adopted a negative-priming paradigm and found that inhibitory control was 

necessary to overcome the NNB. We found that students' performance on the congruent problem 

was impaired after they solved an incongruent problem. Experiment 3 (n=17) employed the Event-

related Potential technique to examine the neurocognitive basis of the NNB and inhibition 

mechanism. We observed a larger P2 amplitude when students solved congruent problems, and a 

larger N2 amplitude and a decrease of P3 amplitude when they solved incongruent problems. These 

results indicated that the NNB is rooted in the intuitive thinking, and overcoming this bias relies 

on the inhibition mechanism. We suggested that inhibition training might be needed for students 

who struggle with rational numbers. 

Keywords: inhibitory control, negative priming, natural number bias, arithmetic operation, event-

related potential 
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“没有爱就没有教育”：基于脑科学的诠释 

 

张馨元 1，杜文悦 2，李葆明 1 

1杭州师范大学教育学院； 

2南昌大学生命科学研究院 

 

摘要：教育是“塑造人的心智，开发脑的认知”的重要途径。教育必须遵循脑的认知发展规律

及脑的工作原理。“教育脑科学”的首要任务是开展面向教育问题的脑科学研究。著名教育

家顾明远对教育有四句精辟的 论述：“没有爱就没有教育；没有兴趣就没有学习；教书育人

在细微处；学生成长在活动中”。为什么说没有爱就没有教育？爱的呵护和养育如何促进儿

童大脑发育和心智发展？反之，爱的缺失与剥夺如何损害儿童大脑发育和心智发展？这些都

是父母、监护者及教育工作者必须明白的脑科学道理。本报告从脑科学（神经科学）的角度，

对“没有爱就没有教育”进行诠释，为爱的教育提供科学依据。 

关键词：爱的教育、大脑功能、儿童发展、神经科学 
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The brain and metacognition: its utility on making us learn how 

to learn 

  

郭思; Sze Chai Kwok 

 

昆山杜克大學 Duke Kunshan University ；华东师范大学 East China Normal University  

手机：15601982915 

Email：szechai.kwok@gmail.com 

 

Abstract: Metacognition is, put simply, thinking about one’s thinking. More precisely, it refers to 

the processes used to plan, monitor, and assess one’s understanding and 

performance. Metacognition includes a critical awareness of a) one’s thinking and learning and b) 

oneself as a thinker and learner. In this talk, I’ll cover some of the latest discoveries in cognitive 

neuroscience that reveal the neural correlates and mechanisms of metacognition. Having these as 

backdrop, we can then argue for a case of putting metacognition into practice  to improve our 

learning and how brain science of metacognition is invaluable for pedagogy.   

 

个人简介：（中文）郭思齐的研究方向为神经科学、行为学与心理学的交叉学科。通过多模

态神经成像、体内电生理学、神经调节等方法，他的团队研究灵长类动物的情境记忆、元认

知与学习和其他相关的高级认知过程的神经基础。主持国家一项国家自然科学基金项目，三

项上海市科委科技项目，一项教育部人文社会科学研究项目。为上海市浦江人才，获国际脑

组织的 “Young IBRO Regions Connecting Award” 奖，并担任《认识过程》（Cognitive 

Processing）（德国施普林格出版社）的责任编辑。他拥有香港大学社会科学学士学位和牛

津大学实验心理学博士学位。2020 年加入昆山杜克大学之前，他曾在华东师范大学担任副教

授。 
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Dysfunction of Trio GEF1 involves in excitatory / inhibitory 

imbalance and autism-like behaviors through regulation of 

interneuron migration 

 

Xiaoxuan Sun1, 6, Lifang Wang1, 6, Chengwen Wei1, Mengwen Sun1, 2, Qiongwei Li1, Hu Meng1, 

Weihua Yue1, 3, Dai Zhang1, 4, 5& Jun Li1, * 
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Disorders (Peking University Sixth Hospital), Beijing, China 
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Abstract: Autism spectrum disorders (ASDs) are a group of highly inheritable neurodevelopmental 

disorders. Functional mutations in TRIO, especially in the GEF1 domain, are strongly implicated 

in ASDs, whereas the underlying neurobiological pathogenesis and molecular mechanisms remain 

to be clarified. Here we characterize the abnormal morphology and behavior of embryonic 

migratory interneurons (INs) upon Trio deficiency or GEF1 mutation in mice, which are mediated 

by the Trio GEF1-Rac1 activation and involved in SDF1α/CXCR4 signaling. In addition, the 

migration deficits are specifically associated with altered neural microcircuit, decreased inhibitory 

neurotransmission, and autism-like behaviors, which are reminiscent of some features observed in 

patients with ASDs. Furthermore, restoring the excitatory / inhibitory (E/I) imbalance via activation 

of GABA signaling rescues autism-like deficits. Our findings demonstrate a critical role of Trio 

GEF1 mediated signaling in IN migration and E/I balance, which are related to autism-related 

behavioral phenotypes. 
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Hippocampal Dexras1 regulates anxiety-related behaviors 
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Embryology, School of Medicine, Southeast University, Nanjing, Jiangsu 210009, PR China 
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E-mail:lijuan_zhu2004@126.com 

 

Abstract: The ventral hippocampus and adult neurogenesis in ventral dentate gyrus (vDG) has 

significant implications for anxiety. However, the precise microcircuit mechanism of ventral 

hippocampus regulating anxiety-related behaviors is less understood. Here, we found that chronic 

mild unpredictable stress (CUS), an anxiety animal model, significantly activated granule cells 

(GCs) in vDG, as indicated by the increased c-fos+ neurons. We targeted vCA3-projecting vDG 

GCs with chemogenetic manipulation and found that inactivation of vCA3-projecting vDG GCs 

produced anxiety-promoting effects, implicating the activity of vDG GCs in anxiety-related 

behaviors. Meanwhile, we found that Dexras1, a small GTPase, was mainly expressed in 

hippocampal DG. Overexpression of Dexras1 by infusing AAV-Dexras1-GFP into the hippocampal 

DG of WT mice gave rise to anxiogenic-like behaviors, whereas Dexras1 knockdown by infusing 

AAV-Cre-GFP into the hippocampal DG of Dexras1fl/fl mice produced anxiolytic-like effects. We 

genetically labeled Dexras1 cells by generating a mutant strain of mice (Dexras1-2a-Cre), and 

selectively manipulate the activity of Dexras1-expressing vDG GCs by using chemogenetic 

manipulations in transgenic mice. Remarkably, inactivation of Dexras1-positive neurons is 

sufficient to alleviate anxiety-like behavior, but inhibition the activity of Dexras1 non-positive 

neurons had no effect on anxiety-related behaviors. Altogether, our findings suggest that Dexras1 

is implicated in the behavioral effects of vDG-vCA3 projection in anxiety, which could be a new 

target for treating anxiety disorders through intervening hippocampal neural microcircuits. 

Keywords: Anxiety; Hippocampus; Chronic Stress; Dexras1 
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S50-03 

Deconstruct Subicular Circuit in Temporal Lobe Epilepsy 

 

 

Yi Wang a,b,c and Zhong Chena,b* 

a Institute of Pharmacology & Toxicology, College of Pharmaceutical Sciences, Zhejiang University, 

Hangzhou, China;  

b Key Laboratory of Neuropharmacology and Translational Medicine of Zhejiang Province, College 

of Pharmaceutical Science, Zhejiang Chinese Medical University, Hangzhou, China;  

c Epilepsy Center, Department of Neurology, Second Affiliated Hospital, School of Medicine, Zhejiang 

University, Hangzhou, China; 

 

Abstract Temporal lobe epilepsy (TLE) is characterized by recurrent seizure and is not well 

controlled by current treatments, which may be due to our lack of deep insight about precise 

cellular/circuit mechanisms underlying TLE. Now, by using optogenetics, viral tracing, multiple-

channel EEG analysis, electrophysiology and pharmacology strategies, we are currently focusing 

on the interplay of inhibitory and excitatory network in the key brain regions that related to the 

seizure generation and spread in TLE. We found that depolarized GABAergic signaling in subicular 

“GABAergic neuron – pyramidal neuron” microcircuit caused by the changed expression of 

chloride transporters mediates generation of generalized seizures in TLE. Specially,  subicular 

pyramidal neurons are also able to bidirectionally drug-resistant seizure in TLE, suggesting a key 

gate for drug-resistant TLE. Further, we revealed a notable pro-seizure role of the direct 

glutamatergic “subiculum – thalamus” circuit in TLE through driving enhanced synaptic plasticity 

during seizure generalization. Together, our findings may be of therapeutic interest 

in understanding the pathological neural circuit in TLE and further the development of novel 

therapeutic approaches or anti-epileptic drug targets.  
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Hippocampal Dexras1 regulates anxiety-related behaviors 

 

Li-Juan Zhu 

Southeast University 

 

Abstract: The hippocampus is an important part of the limbic system in the human brain that has 

essential roles in spatial navigation and the consolidation of information from short -term memory 

to long-term memory1,2. Here we use single-cell RNA sequencing and assay for transposase-

accessible chromatin using sequencing (ATAC–seq) analysis to illustrate the cell types, cell linage, 

molecular features and transcriptional regulation of the developing human hippocampus. Using the 

transcriptomes of 30,416 cells from the human hippocampus at gestational weeks 16–27, we 

identify 47 cell subtypes and their developmental trajectories. We also identify the migrating paths 

and cell lineages of PAX6+ and HOPX+ hippocampal progenitors, and regional markers of CA1, 

CA3 and dentate gyrus neurons. Multiomic data have uncovered transcriptional regulatory 

networks of the dentate gyrus marker PROX1. We also illustrate spatially specific gene expression 

in the developing human prefrontal cortex and hippocampus. The molecular features of the human 

hippocampus at gestational weeks 16–20 are similar to those of the mouse at postnatal days 0–5 

and reveal gene expression differences between the two species. Transient expression of the 

primate- specific gene NBPF1 leads to a marked increase in PROX1+ cells in the mouse 

hippocampus. These data provide a blueprint for understanding human hippocampal development 

and a tool for investigating related diseases.  
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Congping Shang 

Bioland Laboratory 

 

Research Significance: vomiting or retching responses, evoked by poisonous food or pathogenic 

microorganism, are innate behaviors for animals. These responses play a crit ical role in animals` 

survival. The neural mechanism of vomiting remains unclear at molecular and cellular level. 

Methods：we will use behaviors analysis, histology, molecular genetics, electrophysiology and 

Geo-seq to find out the key brain regions and neuron subtype that trigger vomiting in mice 

systematically. Expected Aims: 1) set up a vomiting paradigm in mice. 2) provide a cell atlas 

database of vomiting related brain regions. 3) find out the neural mechanism of vomiting from 

molecular level to behaviors and provide a new idea toward understanding and therapeutically 

controlling vomiting related diseases. 

 

Back to top ↑ 

 

 

S50-06 

The role of Zona Incerta in itch regulation 

 

Chao He 

Zhejiang University 

 

Abstract: Itch, especially chronic itch damages the patient's quality of life. Unfortunately, the 

therapeutic approach for chronic itch is limited. Therefore, the research on itch is of great 

significance. Although the study of molecular and cellular neurobiology of itch at the level of spinal 

cord has made significant progresses recently, the circuitry mechanism of itch signaling and 

dynamic regulation in the brain still remain elusive. Our research has firstly shown that the 
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parvalbumin positive (PV+) neurons of ventral part of zona incerta (ZIv) could regulate itch. In 

addition, we also map the connections of PV+ neurons related input and output architecture in the 

brain, and then further study the functions of related neural circuits in acute and chronic itch. These 

results will help to demonstrate the neurobiological basis, ultimately decipher the circuitry 

mechanisms of itch in the brain and also provide guidance for the clinical treatment of chronic itch. 
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Norepinephrine Modulates Wakefulness via α1 Adrenoceptors in 

Paraventricular Thalamic Nucleus 
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Ling Zhang, Li-Na Huang1,*, Di Mu1,6,*. 
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SUMMARY: Norepinephrine (NE) neurons in the locus coeruleus (LC) play key roles in 

modulating sleep and wakefulness. Recent studies have revealed that the paraventricular thalamic 

nucleus (PVT) is a key wakefulness-controlling nucleus in mice. However, the effects of NE on 

PVT neurons remain largely unknown. Here, we systematically investigated the mechanisms of NE 

modulating wakefulness via α1 adrenoceptors in the PVT with a combination of viral tracing, 

behavioral tests, slice electrophysiology, optogenetics techniques. We found that the PVT-

projecting LC neurons had few collateral projections to other brain nuclei. Upon further behavioral 

tests, we found that specific activation of the LC-PVT projections or microinjection of NE into the 

PVT accelerated emergence from general anaesthesia and enhanced locomotion activity. Moreover, 

our brain slice recording results showed that NE increased the activity of the PVT neurons mainly 

by increasing the frequency of excitatory postsynaptic currents (sEPSCs) via α1 adrenoceptors. 

Thus, our results demonstrate that NE modulates wakefulness via α1 adrenoceptors in the PVT. 

KEYWORDS: paraventricular thalamic nucleus (PVT); locus coeruleus (LC); norepinephrine 

(NE); adrenoceptors (ARs); excitatory postsynaptic currents (sEPSCs) 
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Toxicity consideration for application of a modified rabies virus 

in manipulating neuron activity 

 

Jing Chen1, Chunli Li2, Cheng Zhan3,* 

1School of Sport Science, Beijing Sport University, Beijing 100084, China. 

2National Institute of Biological Science, Beijing 102206, China. 

3School of Life Sciences, University of Science and Technology of China, Hefei 230027, China. 

*Correspondence author 

E-mail: zhancheng@ustc.edu.cn  

 

Abstract 

Rabies virus (RV) is one of the most widely used trans-synaptic retrograde tracer. RV helps 

neuroanatomical mapping and genetic payload. Genetically modified RV allows for cell-type-

specific targeting and functional analysis, but the time window for functional studies is abbreviated 

by the deleterious effects of viral infection and strong, unregulated transgene expression. To 

manipulate trans-synaptic neurons that starter neurons genetically targeted cell types in specific 

regions, we designed and explored the function role of a replication-detective RV carrying Cre 

(RV-EnvA-SAD-△G-Cre-EGFP). In this study, we examined the neuron toxicity of RV and 

revealed an appropriate time window of application of RV in manipulating neuron activity.  

First, we examined cell apoptosis from day 4 to day 18 after RV infection. Then, we used in -vitro 

calcium imaging to study the response of RV infected neuron to KCl. Through combination of the 

chemogenetic approach and c-Fos staining, we confirm that RV infected neurons could be 

mailto:zhancheng@ustc.edu.cn
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chemogenetically activated in-vivo from day 4 to day 7 post RV injections. Our previous studies 

showed that CANTS neurons were activated during fasting and induced feeding. Besides, CANTS 

neurons received directly input from the nodose ganglion. Activation of vagal→CANTS neurons 

stimulated feeding. At last, we used modified RV tracer combined with chemogenetic tool to detect 

the feeding behavior in this neural pathway. 

The results demonstrated that is feasible to manipulate neuron activity with modified RV and Day4 

to Day7 after injection of modified RV is a suitable time window. Our work revealed a new 

application of modified RV in trans-synaptic retrogradely labeling and manipulating upstreams of 

specific neuronal types and provided a practical reference. 

Keywords: Rabies virus carrying Cre, Trans-synaptic retrograde tracer, vagal-NTS pathway, 

nodose ganglion 
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COL6-NCAM1 interaction promotes nerve bundle formation 

during peripheral nerve regeneration 
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Abstract: The formation of nerve bundle, partially regulated by neural cell adhesion molecule 1 

(NCAM1), is important for neural network organization during peripheral nerve regeneration. 

However, little is known about how the extracellular matrix (ECM) microenvironment affects this 

process. Here, by seeding the dorsal root ganglion (DRG) tissue blocks on different ECM substrates, 

we observed well-aligned axon bundles growing in the peripheral nerve ECM-derived environment 

and confirmed the role of NCAM1 as necessary but not sufficient to trigger this phenomenon. 

Protein interaction assay identified collagen VI (COL6) as an extracellular partner of NCAM1 in 

the regulation of axonal fasciculation. Our in vivo experiments on a rat sciatic nerve defect model 

also demonstrated orderly nerve bundle regeneration with improved projection accuracy and 

functional recovery by COL6 treatment. Taken together, this study revealed a new mechanism 

controlling nerve tract organization. Additionally, COL6 administration may represen t a strategy 

to improve the accuracy of nerve regeneration. 

Keywords: peripheral nerve regeneration, axonal fasciculation, extracellular matrix, COL6, 

NCAM1 

 

 

Back to top ↑ 

 

 

O-003 

A brainstem-central amygdala circuit underlies defensive 

responses to learned threats 

 

Yiran Gu 1,2,3, Walter T. Piper 2, Lauren A. Branigan 2, Elena M. Vazey 4, Gary Aston-Jones 5, 

Longnian Lin 1, Joseph E. LeDoux 1,2,6* & Robert M. Sears 2,6,7* 
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Science and the Collaborative Innovation Center for Brain Science, Institute of Brain Functional 
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Abstract: Exaggerated noradrenergic response and consequent over-consolidation of trauma 

memories have been well-documented in animal studies as well as clinical reports. Norepinephrine 

(NE) dysregulation has been postulated to be critical of developing PTSD. NE plays a central role 

in the acquisition of aversive learning via actions in the lateral nucleus of the amygdala (LA). 

However, the function of NE in expression of aversively-conditioned responses has not been 

established. Given the role of the central nucleus of the amygdala (CeA) in the expression of such 

behaviors, and the presence of NE axons projections in this brain nucleus, we assessed the effects 

of NE activity in the CeA on behavioral expression using receptor-specific pharmacology and cell- 

and projection-specific chemogenetic manipulations. We found that inhibition and activation of 

locus coeruleus (LC) neurons decreases and increases freezing to aversively conditioned cues, 

respectively. We then show that locally inhibiting or activating LC terminals in CeA is sufficient 

to achieve this bidirectional modulation of defensive reactions. In addition, administration of 

propranolol (a beta-adrenergic antagonist) intraperitoneal or intra-CeA is effective in reducing 

subsequent freezing during memory expression. These findings support the hypothesis that LC 

projections to CeA are critical for the expression of defensive responses elicited by conditioned 

threats. We employed the fiber photometry technique to continuously monitor the fluorescent 

intensity of NE GRABNE sensor in the amygdala and mPFC during fear conditioning. Besides, viral 

tracings were also used for circuit-based pharmacological treatment related to the spatial 

distribution of adrenergic receptors in the mouse brain. We hypothesize that through careful 

mailto:robert.sears@nki.rfmh.org)
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September 16-19, 2021 Chongqing 

examination of the NE alterations in fear conditioning, a preventive approach against PTSD may 

be developed with our efforts. 
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miR-137 regulated by MAGED1 contributes to ischemic damage 

through Sirt1 in mice hippocampus 

 

Hui-Xin Zhang, Jing Dai, Zhi-Yuan Ye, Zhou-Na Sun, Cui Qi, Wei-Yan You, Rui Liu and Jun Gao* 

 

Department of Neurobiology, Key Laboratory of Human Functional Genomics of Jiangsu, School of 

Basic Medical Science, Nanjing Medical University, Nanjing 211166, China. 

 

* Corresponding author  

E-mail: gaojun@njmu.edu.cn  

 

Abstract: Objective MicroRNAs are involved in ischemia-induced neural apoptosis, and miR-137 

is known to be related to neurodevelopment and schizophrenia. However, the role of miR-137 in 

ischemia is still unclear. Therefore, our aim was to evaluate the role and the regulation of miR -137 

in ischemic damage. Methods We develop a therapeutic approach based on mesenchymal stem 

cell-derived extracellular vesicles(EVs). And the interaction between MAGED1 and miR-137 was 

by chromatin immunoprecipitation assay. The regulation between miR-137 and Sirt1 was 

developed by dual-luciferase reporter system. Animal behavioral tests were carried out to explore 

functional recovery after ischemic injury. Results (1) miR-137 was enhanced in mouse 

hippocampus after ischemia/ reperfusion. (2) The co-transfaction of miR-137 with Sirt1-Luciferace 

downregulated the expression of Sirt1. (3) The enrichment of MAGED1 with miR-137 was 

increased after ischemia/ reperfusion, which was blocked by the deletion of its MAGE domain. (4) 

The delivery of miR-137 inhibitor (anti-miR-137) using rabies viral glycoprotein (RVG) modified 
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EVs (RVG-EVs) to the brain of ischemic mice specifically targeted a neuron in the ischemic region 

and increased the expression of Sirt1. (5) After the treatment of RVG-EVs loaded with anti-miR-

137 for 7 days, the survival rate of mice was increased, and the motor coordination and memory 

function of ischemic mice were partly rescued compared to the control mice. Conclusion miR-137 

was upregulated by MAGED1 during ischemia/ reperfusion due to the hippocampus injury induced 

by inhibiting Sirt1 expression, and RVG-EV loaded with anti-miR-137 might represent a potential 

therapeutic approach to ischemic stroke. 

 

Keywords: ischemia, miR-137, sirt1, maged1, extracellular vesicles, hippocampus 
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Abstract: Objective Voltage-gated sodium channel Nav1.7 robustly expressed in peripheral 

nociceptive neurons is considered to be a therapeutic target for chronic pain. However, there is no 

selective Nav1.7 inhibitor currently available for therapy of chronic pain. Here we report the anti -

nociceptive activity of a novel small molecule QLS-81 that was modified based on a drug candidate 

ralfinamide. Methods Whole-cell patch-clamp technique was used to investigate the inhibitory 

effect of QLS-81 on Nav1.7 currents in Nav1.7 stably expressed HEK293 cells, and native Nav 

currents in mouse DRG neurons. The anti-nociceptive effect of QLS-81 was also examined in 

mouse neuropathic pain model induced by spared nerve injury and inflammatory pain model 

induced by formalin. Results QLS-81 use- and dose-dependently inhibits Nav1.7 currents with an 

IC50 of 3.5 ± 1.5 M. QLS-81 shifts the inactivation of Nav1.7 to hyperpolarization direction and 

also slows down the channel inactivation recovery. QLS-81 inhibits native Nav current in mouse 

DRG neurons and suppresses neuronal firing. QLS-81 (ip) results in a dose-dependent alleviation 

of neuropathic pain and inflammatory pain. Conclusion The novel Nav1.7 inhibitor QLS-81 is 

efficacious on chronic pain in mice, and it may hold developmental potential for pain therapy.  

Keywords: neuropathic pain, inflammatory pain, Nav1.7, QLS-81, Ralfinamide  
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Abstract 

Objective Treatment-resistant depression (TRD) is a chronic and severe psychiatric illness 

associated with limited therapeutic options. Deep brain stimulation (DBS) is a promising therapy 

for TRD. However, its efficacy need to be further confirmed. A growing body of evidence 

demonstrates that the lateral habenula (LHb) and subgenual cingulate gyrus (SCG) have assessed 

as potential DBS brain targets. However, the best target is still unclear. The present study is to 

explore the best brain target in preclinical studies, and then investigate the clinical effects and its 

therapeutic mechanism of DBS for a TRD patient.  

Methods The antidepressant-like and anxiety-like outcomes of LHb and ventral medial prefrontal 

cortex (vmPFC) (the region in rodents as SCG in humans) DBS at the same parameters were 

investigated in the forced swimming test (FST) and open field test (OFT) in rats, respectively. 

Moreover, the innovative DBS system which was compatible with 3T magnetic resonance imaging 

along with local field potential (LFP) streaming was implanted to investigate the efficacy and 

therapeutic mechanism of the specific target DBS for a TRD patient. 

Results (1) Results showed that bilateral high frequency LHb and vmPFC DBS both decreased the 

immobility time in the FST, suggesting that DBS had no target specificity at antidepressant-like 
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effects. However, high frequency vmPFC DBS reduced the center distance and time in the OFT 

while the LHb DBS did not, indicating that the vmPFC DBS elicited an anxiety-like response. (2) 

A TRD patient showed the acute stimulation effects and achieved long-term improvements in his 

depression, anxiety, and sleep with left LHb 160 Hz frequency stimulation, accompanying the 

change of LFPs in the LHb.  

Conclusion Our preliminary preclinical comprehensive results suggested that the LHb might be a 

better DBS target for depression. And the clinical results provided evidence toward the efficacy 

and electrophysiological basis of LHb DBS for TRD.  

 

Keywords: Deep brain stimulation; Lateral habenula; Subgenual cingulate gyrus, Treatment-

resistant depression 
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Abstract: Presynaptic CaV2 channels are essential for Ca2+-triggered exocytosis. In addition, there 

are two competing models for their roles in synapse structure. First, Ca2+ channels or Ca2+ entry 

may control synapse assembly. Second, active zone proteins may scaffold CaV2s to presynaptic 

release sites, and synapse structure is CaV2-independent. Here, we ablated all three CaV2s using 

conditional knockout in cultured hippocampal neurons or at the calyx of Held, which abolished 

evoked exocytosis. Compellingly, synapse and active zone structure, vesicle docking, and 

transsynaptic nano-organization were unimpaired. Similarly, long-term blockade of action 

potentials and Ca2+ entry did not disrupt active zone assembly. While CaV2 knockout impaired the 

localization of  subunits, 2-1 localized normally. Rescue with CaV2 restored exocytosis, and 

CaV2 active zone targeting depended on the intracellular C-terminus. We conclude that synapse 

assembly is independent of CaV2s or Ca2+ entry through them. Instead, active zone proteins recruit 

and anchor CaV2s via CaV2 C-termini. 

Keywords: CaV2; active zone; calcium channels; neurotransmitter release; synapse assembly 
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Abstract: Objective Wnt2b is involved in the regulation of mitochondrial function, and its key 

role in Alzheimer’s disease (AD) has not been studied. Methods Human plasma Wnt2b level was 

measured by ELISA. Wnt2b signaling were assayed by immunoblotting or immunofluorescence. 

Neuronal damage was analyzed by flow cytometry. The mitochondrial membrane potential (MMP), 

intracellular ATP and ROS levels were detected by JC-1 fluorescent kit, ATP assay kit and 

fluorescent probe DCFH-DA respectively. Mitochondrial stress genes were assayed by RT-PCR. 

Results 1) Wnt2b signaling in the hippocampus was significantly reduced in AD mice without 

cognitive impairment and those with cognitive impairment, suggesting that Wnt2b might be 

involved in the early neuronal damage in AD. 2) Mouse hippocampus HT22 cells showed neuronal 

damage after 6 hours of Aβ oligomer treatment, and Wnt2b  signaling was remarkably down-

regulated, which was also found in the 24-hours group. 3) Overexpression of WNT2B or addition 

of recombinant Wnt2b protein can effectively reverse the down-regulation of Wnt2b signaling, 

mitochondrial dysfunction (disruption of MMP, reduction of ATP, increase of ROS production and 

mitochondrial stress genes expression) and neuronal damage caused by Aβ oligomers. 4) Plasma 

Wnt2b was significantly reduced in AD patients compared to age-matched healthy controls, and 

Correlation analysis showed plasma Wnt2b level was correlated with cognitive function. 

Conclusion Our results suggest that down-regulation of Wnt2b signaling may contribute to the 

pathogenesis of AD through regulating the function of mitochondria, and Wnt2b may be a potential 

target for early intervention of AD. 

Keywords: Alzheimer’s disease; Wnt2b; neuronal damage; mitochondrial function 
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Abstract: Objective The two-pore-domain potassium channels (K2P) generate background K+ 

currents in neurons, and play critical roles in pain and other sensory circuits,  whereas their 

functional engagement in visual system remains largely unknown. In the current study, we 

identified the expression of multiple K2Ps in retina and studied the physiological function of 

TASK-3 (Tandem pore domain acid-sensitive K channel 3), an acid-sensitive K2P channel, in 

healthy and aging mouse retina. Methods RNAscope was used to map the mRNA expression of 

multiple K2P channels. The electrophysiological properties of retinal ganglion cells (RGCs) were 

assessed using whole-cell patch clamp technique on flat-mounted retina from WT and TASK-3 KO 

mice in combination of specific pharmacological tools. In vivo visual functions were tested by 

visual water maze. Results TASK-3 was highly expressed in RGCs. TASK-3 regulated the intrinsic 

excitability and the light sensitivity of RGCs by sensing synaptic cleft acidification upon vesicle 

release. In vivo, TASK-3 was engaged in the non-image-forming and image-forming behaviors in 

mouse retina. The expression and function of TASK-3 was reduced in aged mice associated with 

declined visual acuity and contrast sensitivity. Overexpressing TASK-3 specifically in RGCs 

restored both visual acuity and contrast sensitivity in aged mice. Conclusion Our results for the 
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first time reveal a K2P channel in retina playing a critical role in fundamental aspects of vision 

biology. 

Keywords: Retinal ganglion cell; synapse; K+ channel; aging. 
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Abstract: Temporarily storing a list of items in working memory (WM) for subsequence goal -

directed behavior is an important function in many cognitive processes. This ability has been 

posited to rely on dynamic representations during retention such as neural reactivations or a theta -

gamma oscillation code. However, the causal evidence for the role of neural network dynamics in 

multi-item WM is still lacking. We use a temporal-correlated “dynamic perturbation” approach to 
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interfere with the underlying representations during retention and manipulate the relative memory 

strength of memory items. Six human behavior experiments confirm the validity of this 

manipulation approach. A continuous attractor model with short-term synaptic plasticity (STP) 

principles reproduces all the experimental results. The model indicates that the modification of 

multi-item synaptic efficacies accumulates over time and eventually leads to the changes in recall 

performance. Our results support the causal role of temporal dynamic neural network in mediating 

multi-item WM and offer a promising, non-invasive method to manipulate WM. 

Keywords: Working memory, Short-term plasticity, Hidden state, Memory manipulation, Dynamic 

perturbation 
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Abstract:  Objective Neuroinflammation plays a crucial role in perioperative neurocognitive 

disorders (PND), which are characterized by activation of microglia and neuronal injury. Irisin is 

an exercise-induced myokine released on cleavage of the membrane-bound precursor protein 

fibronectin type III domain-containing protein 5 (FNDC5), highly expressed especially in the 

hippocampus. Irisin can exert anti-inflammatory effects, but whether it can alleviate PND is of great 

interest. The present study aims to elucidate the protective role of irisin in PND and the mechanisms at 

molecular and cellular levels.  Methods Irisin level was measured with ELISA, the cognitive function 

was evaluated with assessment scale (CAM/CAM-ICU, MoCA, TICS-m) in patients, the correlation 

between irisin and PND is calculated. In PND model of mice, the effectiveness of irisin is measured 

by object place recognition (OPR) and new object recognition (NOR). In vitro blood-brain barrier 

(BBB) model is used to verify whether irisin can directly penetrate the BBB. The underlying 

mechanism is explored by CX3CR1-CreERT2::Ai9-TdTomato transgenic mice, molecular cloning, 

mass spectrometry, co-immunoprecipitation, Western blot, flow cytometry, immunofluoresence, 3D 

reconstruction and analysis.  Results (1) Preoperative serum irisin reduced in PND patients and there 

is a positive correlation between irisin level and cognitive function. (2) Preventative use of irisin 

alleviates hippocampal-dependent cognitive dysfunction in PND mice. (3) Irisin can penetrate the 

BBB and exert anti-inflammatory effect through integrin Vβ5 receptor. (4) Irisin inhibits microglial 

priming and polarizes M0/M1 toward M2 phenotype through STAT1 signaling pathway. (5) Irisin 

enhances memory function and maintains the excitation of neurons in dorsal hippocampus.  

Conclusion Preventative use of FNDC5/irisin in the perioperative period reduces PND by 

protecting the immune microenvironment of neurons through microglia. 

Keywords: Neuroinflammation, Perioperative neurocognitive disorders (PND); Irisin; Cognition; 

Hippocampus 

 

Back to top ↑ 

 

 



The 14th Annual Meeting of Chinese Neuroscience Society 

O-012 

A nociceptive neuronal ensemble in dorsal medial prefrontal 

cortex underlies pain chronicity  

 

Xue-Tao QI1, Yu ZHANG2, Kun CUI1, Cheng WANG3, Ji-Fu TONG1, Xiao-Yan SUN1, Ming YI1,4,*, 

You WAN1,4,5,* 

 

1Neuroscience Research Institute and Department of Neurobiology, School of Basic Medical Sciences, 

Peking University, Beijing 100083, China 

2NHC Key Laboratory of Human Disease and Comparative Medicine, Institute of Laboratory Animal 

Sciences, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100021, 

China 

3Chinese Institute for Brain Research, Beijing (CIBR), Beijing 102206, China 

4Key Laboratory for Neuroscience, Ministry of Education/National Health Commission, Peking 

University, Beijing 100083, China 

5Co-innovation Center of Neuroregeneration, Nantong University, Nantong 226001, China 

 

*Corresponding author 

E-mail: ywan@hsc.pku.edu.cn (Y.W.), mingyi@hsc.pku.edu.cn (M.Y.) 

 

Abstract: Objective Cortical reorganization has been broadly proved as an important mechanism 

of pain chronicity, with many brain regions involved, especially the limbic system. Dorsal medial 

prefrontal cortex (dmPFC) plays an important role in the development of chronic pain but the 

neuronal basis is poorly defined. Methods Neuronal ensemble labeling and fiber photometry were 

used to screen activated brain regions by acute laser nociception. Sensory and emotional changes 

of animals were tested by behavioral assay combined with chemogenetics. Clamp patch and cell 

sequencing were used to identify electrophysiological and molecular characters of acute 

nociceptive ensembles. Results (1) Noxious laser stimuli activated a group of neurons in the 

dmPFC. (2) Long-term chemogenetic activation of this dmPFC ensemble could induce chronic pain 

symptoms in both sensory and emotional components. (3) Long-term suppression of the dmPFC 
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ensemble facilitated animals’ recovery from complete Freund's adjuvant (CFA) induced allodynia 

and anxiety. Conclusion We identify a nociceptive neuronal ensemble in the dmPFC which could 

underlie the development of chronic pain. 

Keywords: pain chronicity; dorsal medial prefrontal cortex; neuronal ensemble 
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Abstract: Chronic pain is one of the most significant and costly medical problems throughout the 

world. The neural mechanisms underlying chronic pain are still not well understood. Previous work 

from our lab has identified the hippocampus, its ventral pole in particular, as an active modulator 

of pain chronicity but the underlying mechanisms are still poorly defined. By means of in vivo 

multi-channel recording and genetic manipulations in freely behaving mice, we identified a distinct 

neural ensemble in the ventral hippocampal CA1 that showed inhibitory responses to noxious but 

not innocuous external stimuli. Following peripheral inflammation modeling, this neuronal 

ensemble became responsive to innocuous stimuli and causally mediated perceptual changes 
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associated with chronic inflammatory pain. Mimicry of the inhibited vCA1 activity patterns in 

naïve mice imitates chronic pain symptoms, whereas activating ventral CA1 pyramidal neurons in 

chronic inflammatory pain mice alleviated the pain behaviors. These results confirm a crucial role 

of the ventral hippocampus in modulating the development of chronic inflammatory pain.  

Keywords: ventral hippocampus; chronic pain 
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Abstract: Sleep is an evolutionarily conserved behavior in invertebrate and vertebrate animals. 

However, the molecular pathways and mechanisms that regulate daily sleep quantity and quality in 

mammals are still unclear. Previously, forward genetic screening has found that gain-of-function 

(Sleepy) mutation of salt-inducible kinase 3 (SIK3), an AMPK-related protein kinase, results in ~4-

h increase of daily non-rapid eye movement sleep (NREMS) amount accompanied by constitutively 

elevated NREMS delta power–an index of sleep quality–in Sik3Slp/+ mice. Here, using a novel adult 

brain chimeric (ABC)-expression/knockout system for somatic genetics analysis of sleep in adult 

mice, we report that class IIa histone deacetylase HDAC4/5 and cAMP-response element binding 

protein (CREB) coordinately govern transcriptional regulation of daily NREMS amount and delta 

power downstream of SIK3 kinase. Whereas ABC-KO of HDAC4/5 or overexpression of dominant-

negative HDAC(4+5)VP16 significantly increases, ABC-expression of constitutively active 

HDAC4/5CA decreases NREMS amount and delta power. Similarly, ABC-expression of CREB or 

dominant-negative A-CREB decreases or increases NREMS amount and delta power, respectively. 

Genetic experiments indicate that HDAC4CA regulates sleep in a CREB-dependent manner and vice 

versa. Consistently, a combination of RNA-seq and ChIP-seq analysis reveals that HDAC4 and 

CREB cooperatively regulate the transcription of common target genes in different brain regions. 

Furthermore, ABC-expression of HDAC4/5CA or CREB rescues the hypersomnia and specific brain 

transcriptomic changes in Sleepy mice. ABC-KO of liver kinase B1 (LKB1), the upstream kinase 

of SIK3, significantly reduces NREMS amount and delta power, which can be restored by ABC-

expression of SIK3/SLP-ST221E or HDAC(4+5)VP16. Taken together, these results identify LKB1-

SIK3-HDAC4/CREB as the first major molecular pathway for transcriptional regulation of daily 

sleep quantity and quality in mammals. 

Keywords: Histone deacetylase (HDAC)4/5; cAMP-response element binding protein (CREB); 

salt-inducible kinase 3 (SIK3); liver kinase B1 (LKB1); transcriptional regulation; non-rapid eye 

movement sleep (NREMS); NREMS delta power; daily sleep quantity and quality 
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Abstract: Altered sensory inputs during a postnatal critical period are known to exert remarkable 

and persistent modifications to cortical functions. However, detailed synaptic circuit changes 

underlying this critical period plasticity remain elusive. By conducting extensive dual whole -cell 

recording in layers 2/3 and 4 of primary visual cortex (V1) in juvenile mice, we show that 

monocular deprivation (MD) for 1 or 4 days during the critical period differentially reconfigure 

layer2/3 and 4 microcircuits at selective synaptic loci. The results suggest that excitatory principal 

cells (PCs) and inhibitory parvalbumin (PV)-, somatostatin (SOM)- or vasoactive intestinal peptide 

(VIP)-expressing interneurons form different connectivity patterns within layers 2/3 and 4. On the 

contrary, the dis-inhibitory microcircuit are conserved across two layers. The MD for 1- and 4 days 

selectively reduces the strength of PC-PV excitatory synapses in the layer-4 but that of PV-PC 

inhibitory synapses in the layer-2/3, respectively. More interestingly, the dis-inhibitory synapses 

onto SST-PV and SST-VIP are enhanced in both two layers by 4-day MD only. Meanwhile, we use 

two-photon imaging guided patch to measure the activity of different types of interneurons within 

L2/3 in vivo. Thus, these layer-specific microcircuit reconfigurations elucidate a synaptic basis for 

MD-induced neuronal activity plasticity in developing V1. 
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Abstract: Multiple sclerosis (MS) is a chronic autoimmune mediated inflammatory demyelinating 

disease of the central nervous system (CNS). Even though MS is primarily driven by T-cell, recent 

studies have shown that the B-cells also has an important role in MS pathogenesis. Cathepsin C 

(CatC) is a cysteine exopeptidase which function as a key enzyme in the activation of granule serine 

proteases in immune cells through removing N-terminal pro-dipeptides from the zymogen forms of 

these proteases. In our previous study, we have demonstrated that CatC can promote microglia(MG) 

and macrophage(Mφ) toward M1 activation status and aggravate demyelination in EAE animal 

model, however, the mechanism involved in the process of EAE, namely how CatC takes effect on 

adaptive immune response, has not been elucidated. In present study, we used conditional 

overexpression of CatC gene in Iba-1 positive cell mice (CatCOE) to establish MOG35-55 induced 

EAE model. During immunization for 50 days, the clinical score was valuated every day, and flow 

cytometry analysis was performed to analyze the frequency of Th1, Th2, Th17, Tfh, Treg, plasma 
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cell, MG/Mφ from spleen, draining lymph node and brain at 7 th, 10th, 14th, 23th and 50th day after 

immunization, respectively. We found that CatCOE significantly aggravated clinical scores during 

the onset and persistent stage in EAE model combined with significantly increased frequency of 

Tfh and Th17 cells in the spleen, draining lymph node and brain at 7 th, 10th, 14th, and 50th day after 

immunization, respectively. This result was further confirmed by using CD4+ T cell co-cultured 

with Mφ and MG isolated from CatCOE mice in vitro experiments. We next analyzed the mRNA 

expression level of series factors, such as IL-6, IL-23a IL-12a and IL-12b which located on the 

upstream of Tfh and Th17 differentiation as well as Bcl-6 and Rorc which are the key transcription 

factors of Tfh and Th17. The results showed almost of this factors were obviously upregulated in 

both vivo and vitro. Simultaneously, the concentration of IL-21 and IL-17A, as well as the 

frequency of plasma cell and the level of MOG35-55-specific IgG from CatCOE mice, were also 

found significantly increased, suggesting CatCOE results in increased immune response by 

promoting Tfh and Th17 differentiation. In order to investigate the molecular mechanisms involved 

in, we first detected the expression of MHC-Ⅱand CD86, which are the molecules representing 

antigen presentation function, by using antigenic stimulation of MOG35-55 and co-cultured with or 

without CD4+T cell respectively. We found both MHC-Ⅱand CD86 are upregulated in Mφ and 

MG from CatCOE mice. These results suggest that CatC may enhance MG and Mφ antigen 

presentation capability and product more IL-6, IL-21, IL-12b and IL-23a to promote Th17 and Tfh 

cells differentiation, and then facilitated plasma cell and MOG35-55-specific IgG antibodies 

production to exacerbate the EAE progression. 

Keywords:  MS, EAE, Cathepsin C, Tfh, Th17 
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Abstract: Objective Irritable bowel syndrome（IBS）is a prevalent functional disease. Non-

coding RNA plays an important role in the occurrence and development of diseases, but no reports 

have been found in IBS. Here, we explored the role of miR-124-3p  in anxiety  related to pain in 

IBS-like rats.Methods The IBS-like rats were generated by neonatal colorectal distention (CRD). 

Behavioral assays were conducted to assess the level of anxiety and visceral hypersensitivity. 

Hippocampal acute slice and local field potential recording were used to observe  the synaptic 

plasticity. RT-PCR was used for validating the expression of miR-124-3p. Results (1) Increased 

colorectal pain sensitivity was showed by electromyographic (EMG) in IBS-like rats.Anxious 

behaviors Compared with the control group, long-term potentiation (LTP) was expressed in IBS 

group, which demonstrates that the synaptic plasticity was changed, and the pain memory was 

produced(P<0.05).  (2)RT-PCR validated that the express of miR-124-3p in IBS-like rats was less 

than that of control rats (P<0.05). Target genes of miR-124-3p were predicted and was found to be 

related to neuronal development, suggesting that pain memory induced by CRD in rats may be 

related to miR-124-3p.  (3) After stereotaxic injection of miR-124-3p inhibitor in CA1 of control 

rats, the pain threshold was not changed, but the anxious behaviors were increased (P<0.05). 

Conclusion   Hippocampal miR-124-3p participated in visceral hypersensitivity.. 

Keywords IBS, Hippocampus, miR124-3p, anxiety, LTP 
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Abstract: Objective The aim of this study is to explore the role of circRNA in chronic visceral 

pain. Methods An IBS rat model is established by daily 60 mmHg colorectal distention (CRD) 

stimulus during postnatal days 8–14. The visceral hypersensitivity is evaluated by recording 

Electromyography (EMG) to CRD. CircRNA sequencing is used to find the abnormally expressed 

circRNA and qRT-PCR is used to detect the expression.Subsequently, the circular structures of 

circRNA is validated by Sanger sequencing, random primer PCR, Rnase R and Actinomycin D 

treatments. Fluorescence in situ hybridization (FISH) and immunofluorescence (IF) is used to 

detect the subcellular localizationof circRNA. PCR and qRT-PCR assay to detect the expression 

and distribution of circRNA in the spinal cord. Effects of Intrathecal circRNA Lentivirus/AAV on 

IBS-Induced pain in Rats. Results (1) EMG demonstrated that visceral sensitivity to colorectal 

distension was increased in the IBS rat model. Through circRNA high-throughput sequencing of 

spinal cord, we identified the circRNA Kcnk9 (circKcnk9) as a novel candidate circRNA derived 

from the Kcnk9 gene. FISH and IF analysis showed circKcnk9 was mainly expressed in cytoplasm 

of cultured spinal cord neurons. (2) FISH and IF also showed that circKcnk9 was mainly expressed 

in neurons, but not in astrocytes and microglias of spinal cord. Moreover circKcnk9 is highly co-

localization with CGRP-positive neurons but not NF200-positive neurons. CircKcnk9 exhibited 

tissue-specific and stage-specific expression patterns in IBS model rats. (3) Overexpression of 

circKcnk9 greatly promotes pain behaviour, knockdown of circKcnk9 can relieve chronic visceral 

pain. Conclusion circKcnk9 is regulators of chronic visceral pain. 

Keywords: circkcnk9; chronic visceral pain; spinal cord 
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Abstract: Objective We previously showed that death-associated protein kinase 1 (DAPK1) is 

upregulated in human brains with Alzheimer's disease (AD) and DAPK1 inhibition can reduce tau 

phosphorylation and improve cognitive impairment of AD. However, it is unknown whether and 

how DAPK1 expression or activity is regulated in AD. Methods We investigated the regulatory 

effects of melatonin on DAPK1 by examining DAPK1 expression and activity, tau 

hyperphosphorylation and functions, using comprehensive approaches in cell culture models and 

ex vivo mouse models. Biotin-melatonin was used to demonstrate direct binding of melatonin and 

DAPK1. Results Melatonin directly interacts with the ankyrin repeat domain of DAPK1, and 

reduces its stability by promoting the ubiquitin-mediated proteasome degradation pathway, thereby 

increasing the activity of Pin1, a prolyl isomerase-which plays a protective role against tau 

hyperphosphorylation and AD. Furthermore, melatonin and DAPK1 inhibitor synergistically 

reduce tau expression and phosphorylation at multiple AD-related sites, and promote neurite 

outgrowth and microtubule assembly. Finally, DAPK1 and melatonin levels are inversely 

correlated in AD brains. Conclusion Our study demonstrates a novel mechanism of DAPK1 

regulation and that synergistic targeting to DAPK1 by melatonin and DAPK1 inhibitor offers an 

attractive approach to block tau hyperphosphorylation in AD treatment. 
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Abstract: Objective Blood-brain barrier (BBB) breakdown and inflammation occurring at the 

BBB have a key, mainly a deleterious role in the pathophysiology of ischemic stroke. Neddylation 

is a ubiquitylation-like pathway that is critical in various cellular functions by conjugating NEDD8 

(neuronal precursor cell-expressed developmentally downregulated protein 8) to target proteins. 

However, the roles of neddylation pathway in ischemic stroke, remains elusive. Methods Transient 

focal cerebral ischemia was induced by occlusion of the right middle cerebral artery with a filament. 

Using combination of pharmacological and virus-mediated knockdown, we explored the possible 

involvement of neddylation pathway in ischemic stroke. Results We report that NEDD8 

conjugation increased during acute phase after ischemic stroke and was abundantly present in 

intravascular and intraparenchymal neutrophils, whereas cullin-1, a key substrate of neddylation, 

was upregulated in brain endothelium. Inhibition of neddylation by MLN4924, also known as 

pevonedistat, inactivated cullin-RING E3 ligase (CRL), and reduced neuronal death and brain 
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infarction and improved functional outcomes. MLN4924 treatment induced the accumulation of the 

CRL substrate neurofibromatosis type 1 (NF1). By using virus-mediated NF1 silencing, we show 

that NF1 knockdown abolished MLN4924-dependent inhibition of neutrophil trafficking. These 

effects were mediated through activation of endothelial P-selectin and ICAM-1, and blocking 

antibodies against P-selectin or anti-ICAM-1 antibodies reversed NF1 silencing-induced increase 

in neutrophil infiltration in MLN4924-treated mice. Furthermore, we found that NF1 silencing 

blocked MLN4924-afforded BBB protection and neuroprotection through activation of PKCδ, 

MARCKS and MLC in cerebral microvessels after ischemic stroke, and treatment of mice with the 

PKCδ inhibitor rottlerin reduced this increased BBB permeability. Conclusion Our study 

demonstrated that increased neddylation promoted neutrophil trafficking and thus exacerbated 

injury of the BBB and stroke outcomes. We suggest that the neddylation inhibition may be 

beneficial in ischemic stroke. 

 

Keywords: Ischemic stroke; Neddylation; MLN4924; Neutrophil trafficking; Blood-brain barrier 

breakdown 
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Abstract: Objective Disorders of intracellular calcium homeostasis contributes to retinal ganglion 

cell (RGC) injury in glaucoma. Voltage-gated calcium channels (VGCCs) are main pathways for 

calcium influx. We aimed to explore the role of VGCCs in RGCs apoptosis in experimental 

glaucoma. Methods A chronic ocular hypertension (COH) model was produced by injecting 

magnetic micro-beads into the anterior chamber in male Sprague-Dawley rats. Whole cell patch-

clamp was performed to record Ca2+ currents. RGC apoptosis was detected by TUNEL staining. 

Results L-type Ca2+ current mainly mediated by CaV1.2 subunit was decreased on day 3 (G3d) in 

COH retinas, while T-type Ca2+ current mediated by CaV3.3 subunit  was increased on G3w. TNF-

α mRNA was elevated in COH retinas. Extracellular perfusion of TNF-α enhanced T-type Ca2+ 

currents on isolated RGCs, which was blocked by PDTC (NF-κB inhibitor) or U0126 (MAPK 

inhibitor). Pre-injection of mibefradil, a T-type Ca2+ channel blocker reduced TUNEL positive 

signals in COH retinas. Conclusion T-type Ca2+ channels were enhanced by TNF-α in COH retinas, 

which contributed to RGCs apoptosis. Blocking T-type Ca2+ channels may be a potential strategy 

for glaucoma treatment.  

Keywords: calcium channel; retinal ganglion cell; glaucoma; T-type Ca2+ channels 
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Abstract: Connexin43 (Cx43) is the major gap junction protein in glial cells, allowing the passage 

of small ions and signaling molecules between adjacent cells. Mutation in the GJA1 gene of the 

Cx43 protein is found in human glaucomatous retinas, suggesting that Cx43 is directly related to 

glaucoma pathogenesis. However, the role of Cx43 in glaucoma has not been clearly elucidated. 

Methods A mouse model of chronic ocular hypertension (COH) was produced by injecting 

magnetic micro-beads into the eye anterior chamber. Rac1 conditional knockout in astrocytes was 

generated by subretinal injection of AAV-GFAP-Cre in Rac1flox/flox mice. Co-IP experiments were 

conducted to test possible interactions of Cx43 and active Rac1 or p-PAK1. The hemichannel 

activity was detected by EB uptake. ATP level in retinas was assayed by a commercial ATP assay 

kit and ATP sensors. Results Cx43 channel state changed in COH retinas, which was negatively 

regulated by Rac1, a member of the Rho family. Pharmacological inhibition of Rac1 increased the 

expression of Cx43 and the release of ATP in COH retinas. It was from astrocytes that Rac1 

deletion-induced ATP was released through Cx43 channel. Moreover, Rac1 regulated the 

phosphorylation site of Cx43 by regulating PAK1 to control the opening of Cx43 channel. Specific 

knockout of Rac1 in astrocytes increased RGC survival by up-regulating adenosine A3 receptor on 

RGCs. Conclusion Rac1 in astrocytes regulated RGC survival through Cx43-mediated ATP release 

in COH retinas.  

Keywords: Cx43; Rac1; astrocyte; glaucoma; ATP 
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Abstract: Objective Intracerebral hemorrhage associated with thrombolytic therapy with tissue 

plasminogen activator (tPA) in acute ischemic stroke continues to present a major clinical problem. 

Neutrophil extracellular traps (NETs) have been identified as major triggers of thrombosis and 

inflammation and were detected in the thrombus of patients with ischemic stroke recently. This 

research aims to investigate the effects of tPA on the generation of NETs in a mouse model of 

thrombotic middle cerebral artery occlusion (MCAO) and to investigate whether targeting NETs 

by DNase 1 or peptidylarginine deiminase 4 (PAD4) deficiency could increase the safety of tPA 

thrombolysis in ischemic stroke. Methods Using in vivo multiphoton microscopy, neutrophil 

isolation, histological, behavioral, and biological methods, we determined BBB integrity, 

cerebrovascular dysfunction, NET production, and cognitive impairment in WT and/or Pad4-/- or 

cGas-/- mice. Results (1) tPA activates neutrophils to overproduce NETs after ischemic stroke. (2) 

Clearance of NETs by DNase 1 or inhibition of NET generation by PAD4 deficiency protects the 

BBB integrity and blocks tPA-induced hemorrhage. (3) NETs are essential for tPA-induced 

activation of the cGAS-STING pathway. (4) cGAMP reverses the effects of DNase 1 on tPA-

induced BBB disruption and cerebral hemorrhage. (5) cGAS deficiency downregulates tPA-

induced STING activation and blocks tPA-mediated brain hemorrhage after stroke. Conclusion 

NETs significantly contribute to tPA-induced BBB breakdown in ischemic brain and targeting 

NETs or cGAS may ameliorate thrombolytic therapy for ischemic stroke by reducing tPA-

associated hemorrhage. 

Keywords: Ischemic stroke; NETs; blood-brain barrier; cGAS; thrombolytic therapy  
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Abstract: Cyclic adenosine monophosphate (cAMP) signaling pathways are involved in 

nociceptive processing. Activity dependent cAMP synthesis is primarily mediated by membrane 

bound Ca2+/calmodulin-stimulated adenylyl cyclases (ACs), including AC1, AC3 and AC8 in 

nervous system. AC1 and AC8 double knockout (DKO) significantly attenuated chronic 

inflammatory pain and morphine responses. However, whether AC3 is involved in nociceptive 

transmission and regulates opioid receptor signaling remain elusive. Our previous study showed 

that AC3 immunopositivity was mainly expressed in small- and medium-diameter sensory neurons 

in the DRG, implying AC3 in peripheral nociception. Here we report that conditionally knockout 

of AC3 (AC3CKO) in L3 and L4 DRGs robustly facilitates the mouse nociceptive behavioral 

responses, and decreases voltage-gated potassium (Kv) channel currents and increases the 

excitability of AC3 deficient DRG neurons. We find that AC3CKO leads to loss of analgesic effect 

of κ opioid receptor (KOR) agonist. Meanwhile, the enhancement of Kv channel currents induced 

by KOR agonist is abolished in AC3 deficient DRG neurons. Interestingly, a significant 

upregulation in cAMP concentration, AC1 mRNA and protein are measured in AC3 deficient DRGs. 

What’s more, the increased cAMP concentration and nociceptive behavioral hypersensitivity are 

completely reversed by specific AC1 inhibitor NB001 in AC3CKO mice. Our findings suggest a 

crucial role of peripheral AC3 in nociceptive modulation and KOR opioid analgesia. Our results 

also reveal a functional link between KOR and Kv channels in sensory neurons utilizing the G i/o-

AC3 signaling, which mediating peripheral analgesia of KOR agonist. 
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Abstract: Background Tumor necrosis factor-alpha (TNF-α) is a major pro-inflammatory 

cytokine and involved in the pathogenesis of glaucoma. Here, we investigated how TNF-α induces 

retinal ganglion cell (RGC) hyperexcitability and injury. Methods Whole cell patch clamp, western 

blotting, immunofluorescence and TUNEL were employed to detect RGC physiological property, 

Nav1.6 expression and RGC apoptosis, respectively. Results Intravitreal injection of soluble TNF-

α significantly increased the spontaneous firing frequencies of RGCs in retinal slices, which was 

mainly mediated by enhancing Na+ currents through p38 MAPK and STAT3 signaling pathways. 

Further analysis revealed that TNF-α selectively upregulated Nav1.6 subtype expression, which 
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was reversed by the NF-κB inhibitor. Intravitreal injecting TNFR1 inhibitor eliminated TNF-α 

induced RGC apoptosis. Similar results were found in rat retinas of experimental glaucoma. 

Conclusions TNF-α/TNFR1 signaling induces RGC hyperexcitability by selectively upregulating 

Nav1.6 Na+ channels, thus contributing to RGC apoptosis in glaucoma.  

Keywords: TNF-α; Nav1.6; hyperexcitability; retinal ganglion cells; apoptosis; glaucoma 
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Abstract: Photobiomodulation therapy has attracted attention in clinical fields with the generation 

of light-emitting diodes (LEDs). It has been verified that Green-LED (GLED) exposure produced 

analgesic effect in both acute and chronic pain rats, which is mediated by visual system and opioid 

receptor pathway as well as descending pain inhibitory system. However, the linkage between 

visual signal reception and nociceptive information processing is still unknown. In this study, we 

found a neural pathway involved in GLED induced analgesia through neural tracing and neuron-

specific manipulation technology. First, we confirmed that both GLED (523±3 nm) and blue-LED 

(BLED, 471±3 nm) induced robust analgesic effects as compared with the other energy spectrum, 

including red (656±1 nm), amber (592±1 nm), violet (415±1 nm), ultraviolet (371±1 nm) and white 

(5600 K- 6000 K). Moreover, we found that a projection pathway from retina to a subregion of 

lateral geniculate nucleus (LGN) was necessary for GLED-induced analgesia, and a cluster of 

endogenous opioid peptidergic neurons in the LGN plays a crucial role. This study can help to 

guide clinical trials and even promote the clinical application of GLED induced analgesia. In 

addition, the study about how vision affects nociception will boost research on the complex neural 

functions of the processing of multi-sensory information. 



September 16-19, 2021 Chongqing 

Keywords: LEDT, visual system, analgesia, LGN, endogenous opioid peptide 

 

Back to top ↑ 

 

O-027 

Construction of PLKO.1-shRNA-DAPK1 lentivirus knockdown 

plasmid and its effect on CRMP1 

 

Qin Kun1, Xu Shaoye2, Zhang Conghui1, Han Yu1, Shao Xiaoyun1,3 * 

1 Department of Human Anatomy, Guilin Medical University, Guilin 541100, China 

2 Science and Technology Center, Guilin Medical University, Guilin 541100, China  

3 Guangxi Key Laboratory of Brain and Cognitive Neuroscience, Guilin Medical University, Guilin 

541100, China 

* Corresponding author 

E-mail: sxy2155@163.com 

 

Abstract: Objective The aim of this study was to construct shRNA lentiviral vector of DAPK1 

gene, establish SH-SY5Y cell line with stable knockdown of DAPK1 gene, and explore the effect 

of inhibiting DAPK1 on CRMP1 protein expression. Methods According to the mRNA sequence 

of human-DAPK1 gene and the vector of pLKO.1 plasmid，pLKO.1-shRNA-DAPK1 lentiviral 

plasmid was designed and constructed. The recombinant pLKO.1-shRNA-DAPK1 construct was 

co-transfected with envelope plasmid pMD2.G and packaging plasmid psPAX2 into 293T cells. 

Lentiviral particles were collected and infected SH-SY5Y cells. Then the SH-SY5Y positive cells 

with knock-down DAPK1 expression were screened with puromycin and subculture. The protein 

expression level of DAPK1 in SH-SY5Y cell line was detected by Western blot. In addition, the 

expression of CRMP1 protein was detected by Western blot when inhibiting DAPK1 in SH-SY5Y 

cell lines. Results The lentiviral vector expressing shRNA-DAPK1 was successfully constructed. 

In SH-SY5Y cell line stably expressing shRNA-DAPK1, the protein level of DAPK1 was 
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significantly reduced. Moreover, inhibition of DAPK1 can also lead to the decrease of CRMP1 

protein in SH-SY5Y cell line. Conclusion The pLKO.1-shRNA-DAPK1 lentiviral expression 

plasmid was successfully constructed and screened out a stable cell line in SH-SY5Y, which can 

significantly reduce the protein expression of CRMP1. 

Keywords: DAPK1; lentivirus; plasmid construction; CRMP1 
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Abstract: Objective Examine effects on learning and memory function after developmental expose 

to propofol in C. elegans .Methods C. elegans were exposed to propofol for some time during the 

neurodevelopmentally critical L1 larval stage.When worms reached the L4 stage,We do aversive 

olfactory learning and associative Long-term memory learning for nematodes.Test the learning 

situation through behavioral analyses、quantifying stress response、gene expression analysis and 

fitness (survival) analysis.Results Propofol exposure in L1 resulted in a significant decrease in the 

percentage of avoiding of isoamyl alcohol(IAA)(P＜0.05) after aversive olfactory learning in 
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adulthood. At the same time, with the increase of propofol concentration and exposure time, the 

chemotaxis index of IAA increased significantly(P＜0.05), which reflected the decline of learning 

ability in adulthood.While, After associative long-term memory learning, the nematodes exposed 

to propofol in L1 also experienced density of number of cells with nuclear DAF-16/FOXO 

localization per worm decreased signifcantly, Expression of genes downstream of the DAF-

16/FOXO transcription factor was significantly downregulated and decreased survival rates(P＜

0.05), which reflected the impairment of associative long-term memory learning ability Conclusion 

Propofol exposure in juvenile Caenorhabditis elegans causes the destruction of aversive olfactory 

learning and associative long-term memory. 

Keywords: Propofol; Neurodevelopment; Learning; Memory 
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Abstract: Objective Previous studies have demonstrated the anti-hypertensive effect of chronic 

intermittent hypobaric hypoxia (CIHH) in hypertensive rats. Nevertheless, whether RAS and 
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NMDARs in the PVN plays a role in the anti-hypertensive effect of CIHH remains unclear. In the 

present study, we determined whether RAS balance in the PVN plays a role in anti-hypertensive 

effect of CIHH. Methods Fifteen-week male spontaneously hypertensive rats (SHR) and age-

matched normotensive Wistar–Kyoto rats (WKY) were randomly divided into four groups: WKY, 

WKY rats with CIHH treatment (WKY+CIHH), SHRs, SHRs with CIHH treatment (SHR+CIHH). 

Rats in WKY+CIHH and SHR+CIHH groups were treated with hypobaric hypoxia simulating 4000 

m altitude in a hypobaric chamber for 35 days, 5 h/day. The arterial BP was measured in freely 

moving rats by using telemetry. BP and Renal sympathetic nerve activity (RSNA) were measured 

in anesthetized rats. Miniature excitatory post-synaptic currents (mEPSCs) and puff NMDAR 

currents were recorded in the fluorescence-labeled presympathetic neurons of PVN using whole-

cell patch clamp recordings. The levels of Ang II and Ang1-7 in serum and PVN were measured 

using ELISA or immunofluorescence staining. The expression levels of ACE, ACE2, AT1 receptor, 

Mas receptor, GluN1, and p-GluN1 (ser 897) were determined using Western blot analysis. Results 

1. CIHH decreased the BP in SHRs and the anti-hypertensive effect of CIHH lasted at least for two 

weeks after CIHH treatment ended. Furthermore, CIHH treatment decreased the BP and RSNA 

changes in response to hexamethonium bromide in anesthetized SHRs, which indicates the 

sympathetic activity in SHRs could be significantly inhibited by CIHH. 2. CIHH upregulated the 

ACE2-(Ang1-7)-Mas level while downregulated the ACE-Ang II-AT1 level in serum and PVN of 

SHRs. 3. CIHH decreased the frequency of NMDAR-mediated miniature excitatory postsynaptic 

currents (mEPSCs) and the amplitude of puff NMDA currents of retrogradely labelled spinally 

projecting PVN neurons in SHRs but not in WKY rats. Pretreatment with Ang II abrogated the 

reduction of CIHH on mEPSCs and puff NMDA currents of labelled PVN neurons in SHRs. In 

contrast, incubation of SHRs slices with Ang 1-7 mimicked the decrease of mEPSCs and puff 

NMDA currents of labelled PVN neurons in CIHH treated SHRs. 4. CIHH significantly decreased 

the upregulation of p-GluN1 (ser 897) level in the PVN of SHRs but not in WKY rats. Conclusion 

CIHH reduces glutamatergic input and sympathetic outflow and lowers the BP by balance the renin-

angiotensin system in hypothalamus in hypertension. 

Keywords: Chronic intermittent hypobaric hypoxia, renin-angiotensin-system, hypothalamic 

paraventricular nucleus, NMDA receptor 
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Abstract: Social hierarchy is one of the key features in animal kingdom, while what factors and 

how they contribute to the formation of a higher social hierarchy remains elusive. Here, we reported 

that mice which had adult social interaction experience showed higher social status and enhanced 

neuron activity in medial prefrontal cortex (mPFC). Moreover, we found Forkhead box N3 (foxn3) 

plays a crucial role in the experience-related higher social status. Mechanistically, social experience 

facilitated the epigenetic modifications of foxn3, which showed higher acetylation at H3K27. 

Inhibitors depress the acetylation at H3K27 of foxn3 weaken the social status. Furthermore, social 

interaction reinforces social hierarchy by Foxn3/AtLAS signal, a LncRNA which we have reported 

played a crucial role in the regulation of social hierarchy. These findings together reveal epigenetic 

regulation of social behaviors promoted by social interaction experience. 

Keywords: Social hierarchy, social interaction experience, epigenetic regulation, Foxn3, LncRNA 
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Abstract: Objective Intermittent hypoxic training (IHT) is commonly used for training pilots, 

mountaineers and athletes to improve performance, and also have multiple effects on several 

diseases such as hypertension, ischemic coronary artery diseases, and chronic bronchial asthma etc., 

thus, clinically applied for treatment and prevention of these diseases. Here，we investigated the 

in vivo effects of IHT on cognitive functions in APP/PS1 mice and its potential effects on Aβ 

accumulation. Methods Six -month-old APPswe/PS1dE9 mice were exposed to hypoxic 

environment (equal to 3000 meters high altitude) 4 hours/day for 14 and 28 days, IHT for 14d with 

interval 14d and 42d ， followed by learning and memory tests and then biochemical  and 

neuropathology measurement, such as ELISA, Western Blot, microarray etc. Results IHT 14d and 

28d significantly alleviated the cognitive impairment of 6m-APP/PS1 mice and improved the 

spatial memory ability as compared with control. The memory improvement by 14d IHT lasts to 

14d, but not to 42d. The level of Aβ production and  neuritis plaque formation were reduced 

markedly in 6m-AD mouse after the IHT exposure. IHT reduce the pro-inflammatory cytokines IL-

1β，IL-6 levels. IHT reduced β-secretase cleavage of APP processing and decreases Aβ production. 
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We further found that the large numbers of genes in IH-treated APP/PS1 mice with significantly 

altered are known to be metabolism-regulated genes by microarray analysis. Conclusion We 

provide evidence of the beneficial effect of IHT on the progression of AD. IHT improves spatial 

memory of APP/PSI mice, inhibits the onset of Aβ deposition, reduces neuroinflammation and 

alters a number of gene expressions in the brain. Our study indicates IHT might be a novel measure 

to relieve the progression of AD by targeting multiple pathways in the AD pathogenesis.  

Keywords: Alzheimer's disease; APPswe/PS1dE9 mice; intermittent hypoxia; β-amyloid; BACE1; 

neuroinflammation, gene expression 
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Abstract: Introduction  The objective of this review is to systematically summarize the consensus 

on best practices for different NP conditions of the two most commonly utilized Noninvasive Brain 

Stimulation (NIBS) technologies, repetitive transcranial magnetic stimulation (rTMS) and 

transcranial direct current stimulation (tDCS). 

Methods  PubMed was searched according to the predetermined keywords and criteria. Only 

English language studies and studies published up to January 31, 2020 were taken into 

consideration. Meta-analyses, reviews and systematic reviews were excluded first, and those related 

to animal studies or involving healthy volunteers were also excluded. Finally, 29 studies covering 

826 NP patients were reviewed. 

Results  The results from the 24 enrolled studies and 736 NP patients indicate that rTMS 

successfully relieved the pain symptoms of 715 (97.1%) NP patients. And 5 studies involving 95 

NP patients (81.4%) also showed that tDCS successfully relieved NP. In the included studied, the 

M1 region plays a key role in the analgesic treatment of NIBS. The motor evoked potentials (MEPs), 

the 10 - 20 electroencephalography system (EEG 10/20 system) and neuro-navigation methods are 

used in clinical practice to locate therapeutic targets. Based on the results of the review, the 

stimulation parameters of rTMS that best induce an analgesic effect are a stimulation frequency of 

10 - 20 Hz, a stimulation intensity of 80 - 120% of RMT, 1000 - 2000 pulses, and 5 - 10 sessions, 

and the most effective parameters of tDCS are a current intensity of 2 mA, a session duration of 20 

- 30 min, and 5 - 10 sessions. 

Conclusions Our systematically reviewed the evidence for positive and negative responses to rTMS 

and tDCS for NP patient care and underscores the analgesic efficacy of NIBS in patients with NP. 

The treatment of NP should allow the design of optimal treatments for individual patients.  

Key Words: Neuropathic pain; noninvasive brain stimulation; repetitive transcranial magnetic 

stimulation; transcranial direct current stimulation; review 
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Abstract: Patients with neuropathic pain often experience comorbid psychiatric disorders.  Cellular 

plasticity in the anterior cingulate cortex (ACC) is assumed as a critical interface for pain 

perception and emotion. However, substantial efforts thus far are focused on intracellular 

mechanisms of plasticity rather than extracellular alterations that might trigger and facilitate 

intracellular changes. Laminin is a key element of extracellular matrix (ECM) consisting of one -, 

- and -chain and implicated in several pathophysiological processes. Here we show that Laminin 

1 (Lamb1) in ACC is significantly downregulated upon peripheral neuropathy. Knocking down 

ACC Lamb1 exacerbates pain sensitivity and induces anxiety and depression. Mechanistic analysis 

reveals that loss of Lamb1 causes actin dysregulation via interaction with integrin 1 and 

subsequent Src-dependent RhoA/LIMK/cofilin pathway, leading to abnormal spine remodeling and 

increased AMPARs membrane trafficking, which in turn orchestrates structural and functional 

plasticity of pyramidal neurons and eventually results in pain hypersensitivity and anxiodepression. 
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This study sheds new light on the functional capability of ECM, Lamb1 in modulating pain 

plasticity and reveals a novel mechanism that conveys extracellular alterations to intracellular 

plasticity. Moreover, we identify cingulate Lamb1/integrin 1 as a novel therapeutic strategy for 

treatment of comorbidity of neuropathic pain and psychiatric disorders. 

Key words: Laminin 1; neuropathic pain; pain hypersensitivity; anxiodepression, ACC 
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Abstract: Objective Self-grooming is an evolutionarily ancient behavior with an innate 

stereotyped sequencing pattern. Moreover, aberrant robust grooming behavior has been assessed in 

rodents’ models of several neuropsychiatric diseases such as obsessive-compulsive disorders (OCD) 

and autism spectrum disorder (ASD). The dorsolateral striatum (DLS) has been strongly implicated 

in direct modulating grooming behavior. However, as a motor control structure, DLS needs to 

integrate massive inputs from different areas. The precise roles of upstream projections to DLS in 

grooming behavior remain unclear. Methods Self-grooming behavior was manually counted by 

trained observers. The upstream of the DLS was confirmed by an adeno-associated virus (AAV) 

based anterograde and retrograde tracing. Fiber photometry and optogenetics were used for 

exploring the relevance between the specific brain area and the grooming behavior. Results We 

found activation of direct pathways of DLS increased grooming behavior and activation of indirect 

pathways decreased grooming behavior. Retrograde tracing showed numerous input nucleus to DLS, 

among which we found that the mediodorsal thalamic nucleus (MD) and the basolateral amygdala 

(BLA) are associated with self-grooming. Acute activation of the MD promoted the generation of 

grooming behavior whereas acute activation of the BLA gives opposite effects. Furthermore, 

modulation of the MD-DLS and BLA-DLS circuits were just the reverse, activation facilitated 

grooming behavior in MD-DLS but reduced self-grooming in BLA-DLS. On the contrary, 

inhibition decreased self-grooming in MD-DLS but increased self-grooming in BLA-DLS. 

Conclusion Our present work demonstrated that the MD-DLS circuit and BLA-DLS circuit 

bidirectional regulate self-grooming behavior. Our finding provides a new perspective for 

understanding the development of stereotyped behaviors and related diseases. 

Key words: self-grooming, dorsolateral striatum, mediodorsal thalamic nucleus, basolateral 

amygdala, optogenetics, viral tracing 
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Abstract: Objective Quercetin is a prominent neuroprotective compound from flavonoids. 

Previous studies found it may relieve psychiatric disorders, cognition deficits, and memory 

dysfunction through anti-oxidation and/or radical scavenging mechanisms. In addition, Quercetin 

also was found to modulate the physiological function of a few types of ion channels. However, 

the detailed ionic mechanisms of quercetin’s bioeffect remain unknown.  Methods We examined 

the effect neuronal activities changes in prefrontal cortex (PFC) and its ionic mechanisms upon 

quercetin application by using GCaMP calcium imaging and patch clamp in acute brain slices and 

HEK 293 cells. Then we explored the potential ionic mechanism of quercetin on D-amphetamine 

induced manic-like effects using c-fos staining and the open field behavior test. Results (1) 

Quercetin reduced calcium influx triggered by PFC pyramidal neuronal activity.  This effect was 

caused by increasing the rheobase of neuronal firing through decreasing membrane resistance upon 

quercetin treatment. (2) Spadin, a TREK-1 potassium channel (a two-pore-domain background 

potassium channel) inhibitor, could block the effect of quercetin on the membrane resistance and 

neuronal firing. And also, spadin can block the neural protective effects of quercetin. (3) The effect 

of quercetin on TREK-1 channel could be mimicked by GF109203X, a protein kinase C inhibitor.  

(4) Intraperitoneal injection of quercetin could relieve the manic hyperlocomotion of the mice 
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induced by D-amphetamine, which can be partially alleviated by spadin. Conclusion TREK-1 

channel is a novel target on quercetin treatment through PKC-dependent manner, which could 

contribute to both the neuroprotection and anti-manic-like effects.  

Keywords: quercetin, TREK-1, patch clamp, GCaMP, hyperlocomotion  
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Abstract: Ten-eleven translocation (TET) proteins, the dioxygenase for DNA hydroxymethylation, 

are important players in nervous system development and diseases. However, their role in 

oligodendrocyte myelination and remyelination after injury remains elusive. In this report, we 

identified a genome-wide and locus-specific DNA hydroxymethylation landscape shift during 

oligodendrocyte-progenitor (OPC) differentiation. Ablation of Tet1, but not Tet3, results in stage 

dependent defects in oligodendrocyte development and myelination in the brain. The mice lacking 

Tet1 in the oligodendrocyte lineage develop schizophrenia-like behaviors. We further show that 

TET1 is required for proper remyelination after demyelination injury. Transcriptomic, genomic 

occupancy, and DNA hydroxymethylation profiling reveal a critical TET1-regulated epigenetic 

program for oligodendrocyte differentiation and identify a set of TET1-5hmC target genes 

associated with myelination, cell division, and calcium transport. Tet1-deficient OPCs exhibit 

reduced calcium activity in response to stimulus in culture. Moreover, the differentiation defects 

of Tet1-mutant OPCs can be partially rescued by increasing calcium signaling in vitro.  Finally, 

deletion of a TET1-5hmC target gene, Itpr2, an oligodendrocyte enriched intracellular calcium-

release channel, impairs the onset of oligodendrocyte differentiation. Together, our  results suggest 

that stage-specific TET1-mediated epigenetic programming and intracellular signaling are 

important for proper oligodendrocyte myelination and repair. 

Keywords: DNA hydroxymethylation, TET dioxygenases, epigenetics, oligodendrocyte, 

differentiation, calcium transport, type 2 IP3 receptor 
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Abstract: Objective The anterior cingulate cortex (ACC) is critical in regulating social behavior, 

a basic and integral part of survival skills. The proper operation of the ACC highly depends on the 

precise modulation of local GABAergic inhibitory interneurons to the pyramidal neurons. 

Parvalbumin (PV) and somatostatin (SST) are two main categories of non-overlapping interneurons 

(INs) populations in ACC and they have the distinct inhibited effect on the pyramidal neurons. 

However, the exact role of PV INs or SST INs in ACC on regulating social behavior has not been 

fully understood. Methods Here we employ conditional genetics to examine the differential 

contributions of the PV INs and SST INs in ACC to social behavior in mice through optogenetics, 

fiber photometry, patch-clamp in brain slice, fMOST (fluorescent micro-optical sectioning 

tomography), and social behavior test. Results (1) Optogenetic activation of PV INs in ACC 

drastically reduced active social time and restrained aggressive behavior. But the excitement of 

SST INs with ChR2 in ACC prefer to provide intensive control of social preference. (2) Both PV 

INs and SST INs in ACC showed reduced GCaMP7 signal during the mouse approaching the novel 

mouse. However, the time courses and dynamics of GCaMP7 were diverse in these two type 

neurons. (3) The differences between these two kinds of INs in the regulation of social behavior 

were correlated to their particular synaptic transmission dynamics and upstream circuitry.  

Conclusion PV and SST interneurons, functioning in ACC as an inhibitory architecture, focus on 

regulating different aspects of social behavior. It may help to further identify a more accurate role 

of ACC in higher brain functions. 
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Abstract: Anxiety commonly co‐occurs with obsessive-compulsive disorder (OCD). Both of them 

are closely related to stress. However, the shared neurobiological substrates and therapeutic targets 
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remain unclear. Here, we report an amelioration of both anxiety and OCD via histamine presynaptic 

H3 heteroreceptor on glutamatergic afferent terminals from the prelimbic prefrontal cortex (PrL) 

to the nucleus accumbens (NAc) core, a vital node in the limbic loop. NAc core receives direct 

hypothalamic histaminergic projections, and optogenetic activation of hypothalamic-NAc core 

histaminergic afferents selectively suppresses glutamatergic rather than GABAergic synaptic 

transmission in NAc core via H3 receptor and thus produces an anxiolytic effect, and improves 

anxiety- and obsessive-compulsive-like behaviors induced by restraint stress. Although H3 receptor 

is expressed in glutamatergic afferent terminals from the PrL, basolateral amygdala (BLA), and 

ventral hippocampus (vHipp), rather than thalamus, only the PrL- instead of BLA- and vHipp-NAc 

core glutamatergic pathway among the glutamatergic afferent inputs to the NAc core is responsible 

for co-occurrence of anxiety- and obsessive-compulsive-like behaviors. Furthermore, activation of 

H3 receptor ameliorates anxiety and obsessive-compulsive-like behaviors induced by optogenetic 

excitation of the PrL-NAc glutamatergic afferents. These results demonstrate a novel common 

mechanism regulating anxiety- and obsessive-compulsive-like behaviors, and provide new insight 

into the clinical treatment strategy for OCD with comorbid anxiety by targeting histamine H3 receptor 

in the NAc core. (Supported by grants 32030044, and 31961160724, 81671107 from the National 

Natural Science Foundation of China; and the grant BK20190008 from the Natural Science 

Foundation of Jiangsu Province, China) 
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Abstract: Objective The complex bidirectional communication system existing between the gut 

and the stress belongs to field of the "gut-brain axis". Among many factors, abnormal light exposure 

is one of the potentially powerful stressors causing stress. However, little is known about whether 

the stress induced by staying up late affects the gut-brain axis. Methods We address this question 

by extending the normal circadian light by four hours at night in fifteen male tree shrews to simulate 

the pattern of staying up late in humans. The physiological behaviors, biochemical tests, microbiota 

dynamics, and signals of brain density from magnetic resonance imaging (MRI) were evaluated.  

Results (1) Prolonged light at night for only four hours successfully resulted in body weight loss, 

behaviors changes, total sleep time reduction, and the increased level of urine cortisol. (2) All these 

alterations were rescued by the treatment of either ketamine or fecal microbiota transplantation 

(FMT). Importantly, the sustainability of FMT effect was better than that of ketamine. (3) MRI 

analysis indicated that ketamine acted on hippocampus and thalamus, but FMT mainly affected the 

piriform cortex and lateral geniculate nucleus. Conclusion Long-term light stimulation could 

change the behaviors, composition of gut microbiota and brain structure in tree shrews. Targeting 

microbiota might be promising for the treatment of gut-brain axis disorders. 

Keywords: Gut-brain axis; Stress; Light; Tree shrew; Magnetic resonance imaging; Washed 

microbiota transplantation 
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Abstract: Objective During ischemic stroke, energy depletion induces anoxic depolarization and 

excitotoxicity in neurons characterized by progressive cell death and development of permanent 

local brain damage. Voltage-gated KCNQ/Kv7/M-potassium channel is critical for regulating 

neuronal excitability by stabilizing the resting membrane potential. The aim of this study was to 

test neuroprotective effect of M-channel openers on ischemic injury in mice. Methods Mouse 

model of ischemic injury was established by transient middle cerebral artery occlusion or 

photothrombosis. Neurologic deficit scores and infarct volume were assessed. Accelerating rotarod 

and cylinder task were performed for assessment of neurological function. The in vitro model of 

oxygen-glucose deprivation (OGD)-induced injury in mouse primary culture of cortical neurons 

was used. Whole-cell clamp recordings of cortical neurons were carried out before and after OGD 

injury. Results Inhibition of KCNQ2 channels aggravates infarct volume in the mouse model of 

photothrombosis. Conversely, overexpressing or re-expressing KCNQ2 attenuates cerebral 

ischemic injury. Activation of M-channels by specific opener SCR2682 or retagabine also 

decreases neural excitability and attenuates cerebral ischemic injury. In addition, cortical neurons 

incubated with M-channel openers 1 h before OGD exposure showed increased cell vitality. 

Furthermore, Kv7 openers can suppress neuronal excitability by reducing the resting membrane 

potential, decreasing firing frequency and prolonging the action potential latency.  Conclusions 

Activation of neuronal Kv7 channel by openers attenuates brain ischemic injury and improves 

functional outcome by suppressing neuronal hyperexcitability. 

Keywords: ischemic stroke; neuronal excitability; Kv7/KCNQ/M-channels; SCR2682. 
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Abstract: Objective Elevated plasma Apolipoprotein D (Apo D) levels correlated with a reduced 

risk of Parkinson’s disease (PD). In the present study, we investigated whether Apo D could protect 

neurons against 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-treated neurotoxicity in 

mice and 1-methyl-4-phenylpyridinium (MPP+)-treated toxicity in cells, and explored the crosstalk 

of dopaminergic neurons and astrocytes in vitro. Methods High performance liquid 

chromatography (HPLC) was used to detect the contents of DA and its metabolites of homovanillic 

acid (HVA) and dihydroxyphenylacetic acid (DOPAC) in the striatum (Str). Immunofluorescence 

was used to observe the changes of DA neurons and their nerve endings in SN. Western blot was 

used to detect the changes in protein levels of tyrosine hydroxylase (TH) in the SN and superoxide 

dismutase 1 (SOD1) and Bcl2/Bax. Flow cytometry was used to detect intracellular mitochondrial 

transmembrane potential (△Ψm), reactive oxygen species(ROS) and caspase-3 levels. Results (1) 

There were up-regulated expression levels of Apo D in the SN and plasma of PD model mice, and 

the levels of Apo D also increased in MPP+-treated C6 cells and its culture medium. (2) Apo D 
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could improve motor symptoms, attenuated the loss of nigral dopaminergic neurons in the MPTP -

treated PD mice model. (3) Apo D antagonized MPP+-treated toxicity in the C6 and MES23.5 cells, 

and the protection were associated with anti-oxidation and anti-apoptosis effects; After MPP+ 

treatment in the co-culture system of the astrocyte-neuronal cells, the apoptotic level of MES23.5 

cells was significantly reduced due to up-regulated Apo D which secreted from astrocytes, these 

results revealed the crosstalk of dopaminergic neurons and astrocytes contributing to the protection 

of Apo D in PD model. (4) The endogenous Apo D was regulated by TAp73 in astrocytes. 

Conclusion This study demonstrated that oxidative stress promotes the secretion of Apo D from 

astrocytes, and the crosstalk of the dopamine neurons and astrocytes plays an important role in the 

protection of Apo D in PD. 

Keywords: Parkinson’s disease; Apolipoprotein D; crosstalk; TAp73 
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Abstract: Objective The auditory thalamus consists of lemniscal and nonlemniscal relays, which 

occupy a critical position in routing of acoustic and multisensory information from the periphery 

to cortex and limbic centers respectively. Acetylcholine and monoamine are two major 
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neuromodulators innervation of thalamus and has been involved in sleep/wake cycle. Although 

previous studies have showed differences response to serotonin and acetylcholine between 

lemniscal and nonlemniscal relays, the comprehensive anatomical studies are still lacking.  

Methods Here we used monosynaptic retrograde and anterograde viruses with immunostaining to 

comprehensively reveal the cholinergic and monoaminergic projections to lemniscal and 

nonlemniscal auditory thalamus and their modulation network. Results (1) We found nonlemniscal 

auditory thalamus received more and wider cholinergic and serotonergic projections than MGBv 

mainly from cholinergic PMT and serotonergic DR, especially PIL/PP/MGBm containing the most 

and widest cholinergic and serotonergic projections, and its cholinergicPMT and serotonergicDR 

inputs and axons both distributed at specific location. (2) On the other hand, we found significant 

preference in the input brain regions of PIL/PP/MGBm projecting cholinergic and serotonergic 

neurons. Inputs to PIL/PP/MGBm projecting DRSert neurons preferential originated from limbic 

system involved in emotion and learning processing, and afferents to PIL/PP /MGBm projecting 

PMTchat neurons were restricted to motor related brain regions. (3) In addition, compared with 

cholinergic connection, auditory thalamus was closer to serotonin system. Conclusion Our results 

lay a solid anatomical foundation for understanding the function of acetylcholine and serotonin in 

subdivisions of auditory thalamus and involved modulation circuit.  

Keywords: acetylcholine, lemniscal and nonlemniscal thalamus, neuromodulators, serotonin.  
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Abstract: When a prey encounters a potential predator, it takes reactive defensive behaviors to 

prevent predation, and if conditions permit, it also tries to ascertain threat’s identity and intention 

via cautious approach. The coordinated expression of these two distinct types of behaviors allows 

an animal to both survive and thrive, but the underlying neural circuit mechanisms remain largely 

unclear. By exposing mice to caged freely moving rats, we find that the population activity of D2R 

neurons in the posterior tail of the striatum (TS) continuously increases when mouse is approaching 

caged rat, and it reaches the maximum right before the initiation of retreat. Optogenetic stimulation 

of these neurons or their terminals in the caudal part of external globus pallidus (GPe) results in 

stimulation timing-dependent and rat-oriented approach and investigatory behaviors. In contrast, 

D1R neurons are most strongly activated when rat turns its head towards approaching mouse. 

Stimulation of D1R neurons or their terminals in SNl but not those in caudal GPe terminates 

approach and initiates retreat. Inputs from multisensory thalamus and from basolateral amygdala 

contribute to D1R and D2R neuron-mediated behaviors, respectively. Our results reveal an 

important role of the TS in coordinating reactive defensive and active approaching behaviors during 

naturalistic prey-predator interactions.  

Keywords: decision making; naturalistic prey-predator interactions; tail of striatum; D1R and D2R 

neurons 
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Abstract: Objective Juvenile chronic stress significantly increases the lifetime risk of depression 

and other psychiatric disorders, in which oligodendrocyte (OL)/ myelin pathological changes have 

been observed. However, how chronic stress impacts the development of OL lineage cells during 

juvenile period has not been sufficiently investigated. Our study aims to explore the impacts of 

juvenile social defeat stress on the development of OL lineage cells in medial prefrontal cortex 

(mPFC) in mice. Methods C57/BL6J mice were subjected to chronic social defeat stress during 

postnatal day 28 to 37, during which 5-ethynyl-2′-deoxyuridine (EdU) administration was 

conducted to detect cellular proliferation and differentiation. Following behavior tests, OL lineage 

cells, including oligodendrocyte progenitor cells (OPC), mature OLs were evaluated by 

immunofluorescence. Results Socially defeated mice showed social avoidance behavior in 

behavior tests. The number of APC-positive mature OLs in deep mPFC (level Ⅴ and Ⅵ) increased 

significantly, while the number of APC and EdU double labeled newly born mature OLs decreased 

compared with controls. The number of NG2-positive OPC，NG2 and EdU double labeled newly 

proliferated OPC was comparable between the two groups. The number of OL lineage cells (Olig2-

positive cells) increased and EdU-positive proliferating cells decreased in defeated group. 

Conclusion Juvenile chronic social defeat stress suppresses cellular proliferation and increases the 

number of mature OLs in the deep mPFC. The increase of mature OLs is not caused by the 

promotion of OPC proliferation or differentiation. 

Keywords: oligodendrocyte; prefrontal cortex; juvenile; social defeat stress 
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Abstract: Objective During spaceflight, microgravity has several effects on emotion, cognition, 

motor function, and so on. However, few effectively preventive methods have been developed yet. 

Previous studies showed that repetitive transcranial magnetic stimulation (rTMS), as a novel non -

invasive technique, alleviated depression and cognitive dysfunction. Thus, the present study aimed 

to investigate the impact of simulated microgravity and the role of rTMS on emotion and cognition. 

Methods The rat model of simulated microgravity was established by hindlimb unloading (HU) 

procedure for 3 weeks in total and animals underwent daily rTMS (10 Hz) sessions during the last 

2 weeks. After that, the open field test was measured to observe the emotional state of rats, while 

the Y maze test and Morris water maze test were performed to evaluate the spatial short-term and 

long-term memory ability. Following that, long-term potential at the hippocampal CA3-CA1 

synapse was recorded and the expression of synapse-related proteins in the hippocampus was 

measured. Results HU model caused an anxious feeling in model rats, which was relieved by rTMS 

treatment. No damage was found in the cognitive function of HU rats, neither short-term spatial 
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memory nor long-term spatial learning ability. However, the synaptic plasticity of the CA3-CA1 

pathway was impaired by HU exposure, and the expression of postsynaptic proteins (PSD-95 and 

NR2B) was also declined. Conclusion rTMS treatment (10 Hz) can improve the emotion disorder 

induced by simulated microgravity. Furthermore, although there was no significant behavioral 

impairment in spatial cognition, the synapse function in the hippocampus was damaged following 

the simulated microgravity. Thus, more research is needed to elucidate the potential mechanism.  

Keywords: simulated microgravity; repetitive transcranial magnetic stimulation; cognition; 

emotion 
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Abstract: Objective Depression is a severe mental disorder. The incidence of depression is high, 

easy to relapse, however, the treatment approaches have great limitations. Most researches have 

focused on the role of microglia in depression. Deviation from microglial homeostasis, caused by 

microglial activation during inflammatory conditions can lead to depression. Hence, microglia 

represent a promising therapeutic target for the treatment of depression. A growing body of reports 

suggesting a role for FSTL1 in inflammation and the regulation of immune cell function. As in a 

previous study, we have demonstrated that the expression of FSTL1 in the hippocampus is up-

regulation under stress conditions. The aim of this study is to investigate whether FSTL1 has an 

anti-depressant effect. Methods Adult female FSTL1 heterozygous deficient (FSTL1+/-) mice and 

wild-type (WT) BALB/C littermates were used in the present study. The animal model was 

established by chronic unpredictable mild stress (CUMS). The anhedonia and despair behavior of 

mice were measured by sucrose preference, tail suspension, and forced swim test. 

Immunofluorescence and Western blot were performed to assess the microglial activation and the 

expression of pro-inflammatory cytokines in the hippocampus. Results (1) FSTL1 knockdown 

mailto:richardming@tju.edu.cn
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alleviated chronic unpredicted mild stress-induced depression-like behavior in mice. (2) 

Knockdown of FSTL1 suppressed the microglial activation. (3) FSTL1 knockdown down-regulated 

expression of pro-inflammatory cytokines in the hippocampus. Conclusion Our findings suggest 

that FSTL1 may be a key target involved in mediating chronic unpredicted mild stress-induced 

depression-related behaviors by down-regulating the activation of microglia. 

Keywords: Depression; Chronic unpredictable mild stress; Microglia; FSTL1; Hippocampus; 

Inflammation 
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Abstract: Parkinson's disease (PD) is characterized pathologically by the presence/seeding and 

spreading of alpha-synuclein (α-Syn) aggregates and clinically by the motor as well as cognitive 

deficits, including impairments in implicit/procedure (specifically motor sequence and habit) 

learning. However, the causal role and behavioral mechanism of α-Syn for implicit/procedure 

learning in PD are unknown and effective treatment lacking. Here, by focally injecting preformed 

fibrils of α-Syn into the dorsomedial (DMS) and dorsolateral striatum (DLS) and substantia nigra 

pars compacta (SNc) to produce implicit/procedure learning deficits without motor confounding 

effect, we critically determined the α-Syn-induced effect on model-based goal-directed behavior, 

model-free (probability-based) habit learning and hierarchically organized motor sequence. (i) In 

contrary to the widely-held view of selective impairment of habit learning in early PD, we found 

that α-Syn fibrils in the DMS and DLS did not affect the acquisition of (probability-based) habit 

learning, but rather selectively impaired goal-directed behavior with reduced value sensitivity as 

revealed by the dual-training (random ratio and random interval) schedule. (ii) Conversely, a-Syn 

in the DLS (but not DMS) and SNc selectively impaired the hierarchically organized motor 

sequence learning by affecting motor initiation with the reduced first-step accuracy. (iii) Treatment 

with adenosine A2A receptor (A2AR)  antagonist KW6002 (5 mg/kg, i.p.) selectively improved 

motor sequence learning by preferentially improving motor sequence initiation and shift of motor 

sequence learning as well as behavioral reactivity. These findings provide direct evidence for the 

selective impairment in hierarchically organized motor sequence with reduced value sensitivity by 

α-Syn in the SN-DLS pathway and DMS, respectively, and suggest the translational potential of 

A2AR antagonists to improve implicit learning in PD with enhanced motor sequence initiation and 

behavioral reactivity. 

Keywords: Alpha-synuclein, procedure learning, habit, Adenosine A2A receptor, value 
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Abstract: Objective Negative symptoms in schizophrenia strongly contribute to poor functional 

outcomes, however its pathogenesis is still unclear. Previous studies have found that histamine H1 

receptor (H1R) is related to the occurrence of schizophrenia and there is a cell-specific regulatory 

role of H1R in the brain. This project plans to explore the role of H1R in cholinergic neurons in the 

development of negative symptom in schizophrenia and the neural circuit related mechanism. 

Methods: The Cre-LoxP system was used to generate mice with a targeted deletion of H1R in 

different neurons and the schizophrenia-like phenotypes were evaluated. The role of H1R in 

cholinergic neurons in the process of schizophrenia and its neural loop mechanism were studied by 

viral H1R-overexpression or chemical genetics combined with electrophysiology, microdialysis, 

western blotting and other technologies. Results: (1) Deletion of H1R gene in cholinergic but not 

dopaminergic or glutamatergic neurons in mice resulted in functional deficiency of cholinergic 

projections from the basal forebrain (BF) to the prefrontal cortex and in the formation of 

sensorimotor gating deficit, social impairment and anhedonia-like behavior. (2) H1R expression in 

BF cholinergic neurons was decreased in patients with schizophrenia having negative symptoms. 

(3) The behavioral deficits of ChAT-Cre;Hrh1fl/fl mice can be rescued by re-expressing H1R or by 

chemogenetic activation of cholinergic neurons in the BF. (4) Direct chemogenetic inhibition of 

BF cholinergic neurons produced such behavioral deficits and also increased the susceptibility to 
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hyperlocomotion. Conclusion: H1R could serve as a novel and selective therapeutic target given 

that functional deficiency of this receptor in BF cholinergic neurons is crucial for the pathogenesis 

of negative symptoms in schizophrenia. 

 

Keywords: Histamine H1 receptors, basal forebrain, cholinergic neurons, schizophrenia, negative 

symptoms 
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Abstract: Objective Antiepileptic drugs (AEDs) are the first and main treatment for epilepsy, but 

with limited efficacy and many side effects. An ideal pharmacotherapy for epilepsy requires 

efficient penetration of blood-brain barrier (BBB) and on-demand drug release to suppress the 

epileptic discharges. Methods In this study, we developed a brain-specific AEDs delivery system 

with electro-response to epileptic discharges and photothermal conversion to near-infrared light. 
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Specifically, it is synthesized via copolymerization of pyrrole and dopamine, followed by surface 

conjugation with a brain-targeting peptide. Results This delivery system improved the brain 

targeting efficiency of AEDs through a combination of receptor-mediated transcytosis and BBB 

disruption-enabled transport induced by local hyperthermia. Notably, the incorporation of mussel-

inspired polydopamine endowed the delivery system with rapid (<30s) and sustained (>2h) drug 

release in electrical field due to the enhanced sensitivity. Two in vivo epilepsy models further 

validated that the delivery system could inhibit epileptic seizures under electroencephalograph 

epileptiform abnormalities by a low-dose treatment. Conclusion Together with their satisfactory 

biosafety results, this modality is promising to be an effective and promising strategy to improve 

the therapeutic index of existing AEDs in clinical use. 

Keywords: Epilepsy therapy; Antiepileptic drugs; Electro-responsive drug release; Brain-targeting; 
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Abstract: Objective The stimulation of pain results from a complex and heterogeneous set of 

etiological, genetic, and environmental factors, in diverse combinations, that together engage 

specific neurobiological processes. Typical body pain can be caused by physical factors including 

inflammatory activity and trauma, or chronic psychiatric illness (depression, for example) , but 

whether this involves distinct circuits remains unknown. Methods In vivo calcium imaging and 

multi-tetrode electrophysiological recordings revealed that the posterior thalamic nucleus (PO) and 

the parafascicular thalamic nucleus (PF) populations undergo different adaptations in the two 

conditions. Artificial manipulation of each circuit through optogenetic and chemogenetic affected 

allodynia resulting from either tissue injury or depression-like states, but not both. Results (1) 

Different subnuclei of the thalamus are involved in allodynia from tissue injury (the PO) and 

depression-like states (the PF). (2) The PO→S1 circuit contributing to allodynia induced by tissue 

injury. (3) The PF→ACC circuit contributing to allodynia induced by depression-like states. 

Conclusion Distinct thalamocortical circuits for physical pain from tissue injury and depression. 

Key words: pain caused by tissue injury, pain caused by depression, thalamus, neural circuits, 

optogenetics, retrograde trans-monosynaptic tracing, in vivo calcium imaging, multi-tetrode 

electrophysiological recordings. 
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Abstract: Dopamine critically modulates working memory (WM), the process of actively 

maintaining and manipulating information during short delay period. The temporal specificity of 

dopamine modulation in WM is unclear. Here we found that dopamine level in medial prefrontal 

cortex (mPFC) was increased during early delay period. Optogenetic elevation of mPFC dopamine 

levels in early delay period increased behavioral performance, whereas elevation in late -delay 

decreased performance, and baseline period did not affect performance. Optogenetic manipulation 

of VTA dopamine neurons modulated performance in an inverted-U shape manner. Recording 

showed that optogenetic activation of VTA dopamine neurons reorganized and suppressed delay 

activity of mPFC neurons without changing the proportion of selective neurons, hence increased 

signal-to-noise ratio in maintaining WM. Our results underscore the importance of timing in 

dopamine modulation of WM. 

 

Keyword: Working memory, dopamine, delay period activity, coding, medial prefrontal cortex, 

ventral tegmental area, optogenetics  
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Abstract: Objective Neuronal information is majorly encoded chemically at synapses and the 

elementary unit of synaptic transmission is the contents of neurotransmitter released from single 

vesicle. However, the contents of quantal neurotransmitter have never been precisely estimated at 

synapses, which largely prevent our understanding the nature of quantal neurotransmitter release 

and its impact on neuronal information processing. Methods In order to break through the technical 

bottleneck of precisely counting quantal neurotransmitter molecules, we developed a new approach 

in combination of electrophysiology and electrochemistry to measure intact quantal content of 

single vesicles. An etched submicro-carbon fiber electrode for electrochemical detection was 

designed to be enclosed in an electrophysiologically used glass pipette. The glass pipette allowed 

the electrochemical electrode to access the release site, and amperometric recordings were made 

within the enclosed space at the electrophysiological loose-patch mode. Results and conclusion 

Our study showed that the intact quantal release could be successfully detected at the dopaminergic 

varicosities by this loose-patch amperometric measurement in real time with negligible leakage.  

Keywords: Amperometry, Loose patch, Nerve terminals, Quantal release, Neurotransmitters  
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Abstract: Objective Particulate matter 2.5 (PM 2.5) is an important source of air pollution and it 

can cause respiratory and other systemic diseases through variety of ways. It is worth noting that 

the PM2.5 can cause cognitive decline and is also correlated with Alzheimer's disease. The 

pathogenesis of AD is numerous, among which the inflammation of the central nervous system is 

one of the important theoretical bases. This study aims to explore the mechanism by which exposure 

to environmental PM2.5 of air pollution increases neuroinflammation environmental and 

pathological changes of the central nervous system, thus affecting AD. Methods This research 

takes advantage of the APPswe/PS1ΔE9 double transgenic Alzheimer's disease model mice and 

C57BL/6 control mice, and we adopt PM2.5 online collection and exposure system to make PM2.5 

exposure mice model. In addition, the exposure was performed 4 hours a day, 5 days a week, for 

15 weeks. After successful modeling, mice behavioral symptoms, pathological features and related 

molecular mechanisms were detected in each group. Results The experimental results show that 

the PM2.5 exposure results in pathological changes in lung tissue in mice, and exacerbate their 

cognitive symptoms. Immunohistochemical staining of the central nervous system detected the 

activation of microglia cells. At the same time, PM2.5 exposure did not cause damages to other 

major organs in mice. Conclusion The results show that PM2.5 could cause neuroinflammation of 

the central nervous system, and promote the activation of microglia cells, which irreversely 
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increased the deposition of amyloid protein in the hippocampus of mice with Alzheimer's d isease, 

thus aggravating the cognitive impairment. 

Keywords: Alzheimer’s disease; PM2.5; neuroinflammation; Microglia; β-amyloid; 
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Abstract: Objective The sensory systems are hierarchically organized. In the visual system, 

higher-level areas pool information over multiple low-level areas to make behavior-related 

modulation of visual processing. To fully understand how behavioral contexts modulate visual 

processing through long-range projections, it is crucial to delineate the brain-wide connections to 

different types of neurons in cortical areas at various hierarchical stages. Although brain -wide 

connectivity without cell-type specificity is available, whole-brain inputs to different types of 

cortical interneurons remained to be fully characterized. The present study is to explore how the 

hierarchically organized long-range inputs interact with local microcircuits. Methods Using rabies-

virus tracing, high-throughput anatomical data analysis, optogenetics-assisted electrophysiological 

recording and classification algorithm based on machine learning, we systematically characterized 

the whole-brain inputs to the three top-level classes of cortical interneurons (PV+, SST+ and VIP+ 

neurons) at different hierarchical stages of visual processing—the primary visual cortex (VIS), 

medial association cortices (posterior parietal cortex and retrosplenial cortex; PTLp and RSP) and 

frontal cortices (cingulate cortex, orbitofrontal cortex and prelimbic/infralimbic cortex; ACA, ORB 

and PL/ILA). Results (1) Using rabies virus-assisted mapping, we generated the whole-brain input 

maps to the three top-level classes of cortical interneurons (PV+, SST+ and VIP+ neurons) at 

different hierarchical stages of visual processing. Interestingly, the bottom-up and top-down inputs 

in the thalamocortical network preferentially activated PV+ and VIP+ neurons, respectively. (2) 

Using optogenetics-assisted electrophysiological recording, we examined the synaptic properties 

of major corticocortical (CC) and thalamocortical (TC) inputs to cortical interneurons. These results 

validated the interneuron preferences of hierarchically organized long-range connections, and 

further revealed differences in synaptic dynamics in a manner dependent on the input source and 

interneuron type. (3) Using a SVM classifier trained with the data of long-range inputs with known 

hierarchical directionality, we predict the directionality of unknown long-range inputs. We then 

built a computational model to predict the hierarchy of different brain regions in the visual network, 

based on the hierarchical directionality of their inputs and outputs. Conclusion Our work provided 

a data set of the interneuron connectome with both anatomical and electrophysiological information 

at the cellular level. With the anatomical data, we obtained a unifying rule for the hierarchical 

organization of cortical and thalamic connections from their innervation patterns to cortical 

interneurons, and further extended the study of these long-range connectivities with 

electrophysiological recording. Our results demonstrated a significant correlation between the 

hierarchically organized long-range CC and TC inputs and their innervation preference for local 

interneurons―bottom-up inputs favor PV+ neurons, whereas top-down inputs prefer VIP+ neurons. 

Keywords: Hierarchy; Cortical interneurons; Anatomical connection map; Functional connection 

map; top-down inputs; bottom-up inputs; 
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Abstract: Objective Intracerebral hemorrhage (ICH) is associated with high morbidity and 

mortality rates. This injury results in the increase microglia/macrophage activity and upregulation 

of chondroitin sulfate proteoglycans (CSPGs), which impede repairment. Evidence suggested that 

after ICH, the inflammatory response induces white matter injury, including axonal damage and 

demyelination, which leads to poor clinical prognosis. Intracellular Sigma Peptide (ISP) is a small 

peptide mimetic of the protein tyrosine phosphatase σ (PTPσ ) wedge region that has been 
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developed to target PTPσ and relieve CSPG inhibition. However, how blocking PTPσ by ISP 

affects the inflammation response and subsequent recovery after ICH is still unknown. The present 

study is to verify whether ISP could modulate inflammation to promote myelin integrity and 

functional restoration. Methods We employed an adult C57 mice model with ICH in the right 

corpus striatum, and administered daily ISP intraperitoneally for 8 weeks post injury. Verification 

of pro-/anti-inflammatory factors expression, various sensorimotor functional tests, and 

morphological tests were involved in different time points. Results (1) After ICH, ISP treatment 

significantly reduced microglia/macrophage activation, decreased pro-inflammatory factors (TNF-

α, IL-1β) expression, and increased anti-inflammatory factors (IL-10, Arg-1) expression. (2) ISP 

administration promoted the accuracy of forelimb placement in the horizonal ladder rung walking 

test and decreased the asymmetry in the use of affected forelimb. Additionally, the acetone test did 

not induce any cold allodynia pain responses of bilateral forelimbs in all groups. (3) For the 

electrical stimulation test, somatosensory evoked potential (SEP) waveforms were clearly elicited 

by electrical stimuli in the ISP group, with significantly larger amplitudes than the vehicle group.  

(4) Administration of ISP also decreased the ratio of SMI-32/MBP which represents demyelination 

around the hematoma post ICH. Conclusion ISP treatment could promote functional restoration 

and morphological recovery through reducing inflammatory responses after mice ICH.   

 

Keywords: Intracerebral hemorrhage; PTPσ; ISP; inflammatory responses; functional restoration 
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Abstract: Objective It is estimated that about 350 million people worldwide suffering from 

depression which brings great suffering to human society. Therefore, it is of major social 

significance and clinical value to explore new and effective treatment methods. Low intensity 

focused ultrasound stimulation (LIFUS) has been proved to ameliorate CUS-induced depression-

like behavior. But the underlying mechanism is still unclear. Therefore, the purpose of this study 

was to investigate the mechanism of the ameliorative effect of LIFUS on depression model rats. 

Methods The depression rat model was established by 8 weeks’ chronic unpredictable stress (CUS), 

then the rats underwent 2 weeks LIFUS (0.5MHz, Ispta=0.5 W/cm2) targeting on the left prefrontal 

cortex. And then, the sucrose preference test (SPT), forced swimming test (FST) and open field test 

(OFT) was performed to evaluate the depression-like behavior. and then the local field potentials 

(LFPs) and long-term potential (LTP) from hippocampal ventral CA1 to the medial prefrontal 

cortex (vCA1-mPFC) were recorded to explore the changes of phase synchronization and neural 

plasticity. Results (1) LIFUS can improve the depression-like symptoms of CUS rats to a certain 

extent, including anhedonia and desperate behavior. (2) LIFUS can recover the impairments of 

phase synchronization, especially theta rhythm, between vCA1-mPFC circuit. (3) LIFUS can 

ameliorate the neural plasticity of vCA1-mPFC circuit. Conclusion The results show that LIFUS 

can restore the impairments of phase synchronization and neural plasticity in the vCA1-mPFC 

circuit. This maybe the underlying mechanism of LIFUS ameliorating CUS-induced depression-

like behavior. 

 

Keywords: chronic unpredictable stress; low intensity focused ultrasound; phase synchronization; 

neural plasticity 
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Abstract: Objective Social interaction is a fundamental function in our daily lives and social 

avoidance has been a typical symptom in multiple neuropsychiatric illnesses.  Increasing evidence 

suggests that medial prefrontal cortex (mPFC) is strongly linked with social behavior, with partially 

enhanced activities of excitatory neurons during social behaviors. We raised a hypothesis that the 

neuronal activity could be inhibited during social avoidance, and that would be rescued by the low 

intensity focused ultrasound (LIFUS) as its neuromodulated effect on neuronal excitability with 

high temporalspatial resolution. Therefore, the present study aimed to investigate the effect and 

mechanism of LIFUS on social avoidance in mice after social defeat stress. Methods C57 mice 

were exposed to social defeat stress (SDS) with CD1 mice for 10 days and the LIFUS targeting 

mPFC was performed since the beginning of the stress exposure and was lasting for another 3 weeks. 

Social tests were performed weekly with simultaneous fiber photometry recordings of excitatory 

neurons in the mPFC. The integrity of mPFC neurons in each groups were evaluated by 

immunohistochemistry. Results Chronic LIFUS treatment could rescue the social avoidance caused 

by social defeat stress from CD1 mice. We found the mPFC neuron activity was enhanced during 

social behavior and their neuronal damage was reduced by LIFUS in SDS model mice. Conclusion 

LIFUS may improve social avoidance behavior of SDS model mice by increasing the activity of 

excitatory neurons and protecting the integrity of neuronal structure in mPFC. Therefore, as a novel 
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neuromodulation technique, LIFUS could be applied for relieving social avoidance in 

neuropsychiatric diseases. 

Keywords: social avoidance; social defeat stress; low intensity focused ultrasound; neural 

regulation; excitatory neurons 
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Abstract: Objective Hippocampal CA2 supports social memory, especially the information 

processing of social experiences. Our previous study with extracellular electrophysiological 

recordings showed that CA2 place cell’s activity could respond specifically to social stimulus.  It 

has been believed that brain rhythms synchronized activity of ensembles, in particular, slow gamma 

rhythms (~25-55Hz) was dominant in CA2 and bidirectionally regulated by its local activity. A 

question was raised of whether slow gamma regulated the network dynamics of hippocampal CA2 
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during social information processing. Moreover, previous findings showed that CA2 directly 

innervated CA1 with projection preferentially to the deep sublayer of CA1. Therefore, we 

hypothesized that slow gamma would support social memory processing from CA2 to CA1 for 

integration and further promote the social memory retrieval. Methods We electrophysiologically 

recorded in vivo local field potentials from hippocampal subfields CA1, CA2 and CA3 of 4 Long-

Evans rats performing a social interaction task, and analyzed the activity of theta, slow and fast 

gamma, and SWRs within each subfields and their interactions between subfields during sessions 

of social interaction and during social memory retrieval of post-rest session. Results (1) CA2 slow 

gamma rhythms are enhanced during social activity but not non-social exploration. (2) Slow gamma 

embedded within theta rhythms supports CA2 to CA1 information transmission during social 

activity. (3) CA1 gamma rhythms and SWRs promote social memory retrieval. Conclusion CA2-

CA1 interaction via slow gamma rhythms supports the encoding and retrieval of social memory. 
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Abstract: Objective Altered calcium signals and neuromodulator dopamine (DA) signals are both 

related with excessive neuronal excitability in epileptic behaviors. However, few studies has 

reported the synchronization of calcium signals in pyramidal neurons in hippocampal CA1 and 

primary motor cortex M1. The synchronization of DA signals in CA1 and M1 in freely moving 

epileptic mice remains unclear, either. The present study is to explore whether the synchronization 

of calcium signals in pyramidal neurons in CA1 and M1 is associated with various epileptic 

behaviors, and to explore whether there is synchronization of DA signals in epileptic mice. 

Methods The mouse model of temporal lobe epilepsy was induced by intraperitoneal injection of 

kainic acid (KA). The pyramidal neurons in CA1 and M1 were labeled by genetically encoded Ca2+ 

indicators. The DA transients were recorded based on an intensity-based genetically encoded 

dopamine indicator dLight1. Both calcium and DA signals in CA1 and M1 in freely moving mice 

were collected by a multi-channel fiber photometry system. Results (1) A high dose of KA (22.5 

mg/kg) injection caused severe seizures with highly synchronous calcium signals in CA1 and M1 

pyramidal neurons. (2) A moderate dose of KA (20 mg/kg) injection caused milder epileptic 

behaviors accompanied by lower synchrony of calcium signals in CA1 and M1 pyramidal neurons. 

(3) DA signals of CA1 and M1 gradually synchronized after KA injection. Conclusion Both the 

synchronization of calcium signals and DA signals are key to KA induced epileptic behaviors . 

Keywords: epileptic behaviors; pyramidal neurons; calcium signal; dopamine signal; 

synchronization. 
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Abstract: Globally, depressive disorders are ranked as the single largest contributor to non-fatal 

health loss from 2015. Epidemiological surveys have suggested that chronic caffeine consumption 

can reduce the incidence of suicide and depression. Experimental findings indicate that the 

adenosine A2A receptors (A2AR), a Gs protein-coupled receptor, may be involved in modulation of 

depression as A2AR knockout and A2AR antagonists (including caffeine) have anti-depressant 

effects. These converged epidemiological and experimental findings support that the A 2AR may be 

a potential target for depression treatment. However, the neuronal circuit and mechanism whereby 

A2ARs modulate depression are largely undefined. 

In our study, we found: a) the expression of A2AR in dorsolateral septum(dLS) was up-regulated in 

5-day repeated forced swim stress (5d-RFSS) or chronic restraint stress(CRS) depression models; 

b) focal optogenetic activation and genetic inactivation of A2AR activity by interfering RNA in 

dLS demonstrated that the abnormal A2AR activity in dLS is necessary and sufficient for the 

development of depression; c) focal knockdown of the A2AR in dLS by the Cre-loxP strategy could 

reverse depression-like behaviors in 5d-RFSS model; d) the depression-like behaviors induced by 

CRS could be reversed by injecting KW6002 into dLS for three consecutive days; e）optogenetic 

activation of the projection terminal from the dLS A2AR-positive neurons to the lateral habenula 

(LHb) reproduced depressive behaviors；f）depressive behaviors could also be reproduced by 

optogenetic activation of the projection terminal from the dLS A2AR-positive neurons to the CRH-

positive neurons in dorsomedial hypothalamic nucleus (DM). 

Taken together, abnormal A2AR activity in dLS is necessary and sufficient for the development of 

depression, and this effect is mediated by the dLS-LHb and the dLS-DM pathway. These findings 
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support that A2AR may be a potential fast-acting antidepressant and dLS be a hub area involved in 

regulation of the development of depression. 

Keywords: depression, adenosine A2A receptors, dorsolateral septum, lateral habenula, 

dorsomedial hypothalamic nucleus, CGS21680, KW6002 
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Abstract: Background Sleep deprivation (SD) affected neuropsychological functions 

including executive attention, working memory, and divergent higher cognitive functions. General 

anesthetics-induced loss of consciousness and deep sleep might share common neural mechanisms. 

The comparisons with the functional brain alterations between natural sleep and anesthetic-

interfering sleep following SD are conducive to find new treatments for SD-induced 

neurobehavioral impairment and understand the neuronal pathways that they affect. 

mailto:jie.wang@wipm.ac.cn
mailto:zhangzz@whu.edu.cn


The 14th Annual Meeting of Chinese Neuroscience Society 

Methods Chronic sleep deprivation (CSD) was accomplished using the modified multiple platform 

technique. Rats were placed in sleep deprivation cages for 20 h a day (14:00-10:00) and were 

allowed to natural sleep for 4 h a day for 4 weeks. Anesthetic-interfering sleep animals received 

intraperitoneal injections of propofol (Pro; 40 mg/kg) or exposed to sevoflurane (Sev; 2% 

sevoflurane mixed with 60% O2 for 2 h) following SD. A comprehensive set of behavioral tests 

was used to investigate behavioral patterns, including the open field test, three-chambered social 

testing, novel object recognition testing and Y maze testing. SD rats with anesthetic-interfering 

sleep and natural sleep were subjected to positron emission tomography imaging with 18-

fluorodeoxyglucose (18F-FDG PET), which was performed prior to SD and at 4 weeks post-SD. 

Mean standardized uptake value (SUV) from 17 brain regions were characterized and compared 

among Pro-interfering sleep, Sev-interfering sleep and natural sleep after SD. We further used 

resting-state functional MRI (fMRI) to investigate the functional connectivity (FC) changes of 59 

brain regions in cerebrum after CSD. Moreover, using the prelimbic cortex (Prl) as separate seed 

regions of interest (ROIs), we analyzed the differences of FC between Pro- and Sev-interfering 

sleep following SD. We next to assess the C-fos expression throughout the brain (Bregma 

+4.2mm~-6.04mm) after resting for 48 h by immunohistochemistry. The metabolic activity of 

excitatory (glutamatergic), inhibitory (γ-aminobutyric acid [GABA]ergic) neurons and neuroglia 

of prefrontal cortex (PFC), parietal cortex(PC), temporal cortex (TC), occipital cortex (OC), 

hippocampus (HPC), thalamus (THA), hypothalamus (HPT) and midbrain (MID) were measured 

by 1H-nuclear magnetic resonance spectroscopy together with infusion of [1-13C]-glucose.  

Results 

Behavior test showed that CSD impaired recognition and spatial memory, social interaction and 

elicited anxiety-like behavior, respectively, which implied that the CSD impaired cognitive 

function and emotional status during cumulative, extended sleep loss. Propofol specifically 

ameliorates CSD-induced anxiety-like behavior and social deficits, but not recognition memory 

and spatial memory defects. Whereas sevoflurane exacerbates above those behaviors.  There were 

significant relative decreases in cerebral glucose metabolism in cortical association regions such as 

PFC, TC, PC, and subcortical system (THA, HPT, cingulate (Cg), STR and HPC) after SD 

compared to baseline. Pro-interfering SD rats have a tendency to recover in PFC, TC (auditory 

cortex), PC (somatosensory cortex and motor cortex), Cg, insular cortex, THA, and STR, but there 

was no statistically significant compare with SD. Highly connected brain networks became less 

integrated after SD. Meanwhile, Pro-interfering SD increased 10 pairs of FCs that concentrated in 

cortico-cortical and cortical-subcortical networks, which were further validated by c-Fos+ cell 

count. Propofol also increased Glu4 and Glx3 enrichment (PFC, PC, TC, STR and THA), GABA2 
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enrichment in HPT and Gln4 enrichment in THA. Sev-interfering SD decreased 16 pairs of FCs (Cg 

(4 pairs), STR (4 pairs), Prl (3 pairs) etc.) compare with CSD animals. However, there were no 

changes of metabolites in the brain of Sev-interfering SD, relative to CSD.   

Conclusions 

This study confirmed propofol neuroprotective and sevoflurane neurotoxicity in the model of CSD. 

It could be assumed that propofol ameliorated CSD-induced anxiety and social deficits by 

restorations of glutamatergic activity and FC in the certain cortices, and sevoflurane deteriorated 

CSD-induced anxiety, social deficits, and recognition and spatial memory defects by suppression 

of FC among cortices and subcortices. Thus, combined with previous studies in humans and rodents, 

our findings suggest propofol may be a viable pharmacotherapeutic treatment for the certain 

neurobehavioral abnormalities induced by CSD. 

Key words: Sleep deprivation; Functional connectivity; Anesthetics; Glucose metabolism; 

Metabolic kinetics 
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Abstract: Schizophrenia, a severe devastating neuropsychiatric disease, affecting 1% population 

globally, is featured by the manifestation of positive symptom (hallucination), negative symptom 

(social defect) and cognitive dysfunction. And it’s a neurodevelopment disease. However, the 

mechanism underlying disturbance of maturational processes in schizophrenia remains unclear. 

Dopamine hypothesis is the most widely accepted pathological mechanism. But the negative 

symptoms are not sensitive to the Dopamine system targeted drugs. So the dopamine hypothesis is 

still debated. Synaptotagmin 11, a kind of Ca2+ non-binding Synaptotagmin, is a newly-found 

susceptibility gene of schizophrenia. Our previous study has revealed that,  Syt11 dysfunction in 

DA neuron will associated with PD pathological process. Here, we probed the hypothsis that social 

defect of schizophrenia originates from hyperactivity of midbrain pathway during the critical 

neurodvelopment stage. 

Keywords: Schizophrenia, Dopamine development, Synaptotagmin 11 
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Abstract: Objective The endogenous neural stem cells (eNSCs) will be activated after 

Intracerebral hemorrhage (ICH) and contribute to the self-repair. However, the activation of eNSCs 

is limited after ICH due to the un-friendly microenvironment in situ. Searching for strategies for 

neural function repair and neural network reconstruction has become an urgent requirement. The 

previous study had demonstrated that leptin as a cytokine played important roles in neuroprotection. 

Also, our previous research results have showed that leptin promoted the proliferation and neuronal 

differentiation of NSCs in vitro. However, whether the leptin promotes the proliferation, 

differentiation and migration of eNSCs after ICH is still unclear. The current work is aiming for 

exploring the effect and mechanism of leptin on promoting eNSCs activation after ICH. Methods 

Mouse ICH models were established through the stereotactic injection of 0.03 U VII collagenase 

into the right striatum. Leptin treatment was carried out immediately after the collagenase injection. 

BrdU was injected through intraperitoneally once a day for three days to label eNSCs. Mice motor 

function and the size of brain lesion were measured. Activation of eNSCs in subventricular zone 

(SVZ) was investigated. The proliferation and differentiation of eNSCs were detected by 

BrdU/nestin, and BrdU/DCX double immunofluorescent staining. The migration of eNSCs was 

measured by tracing new-born neurons (DCX+ cells). Results (1) The size of brain lesion 

significantly decreased and neural motor dysfunction was relieved in leptin treatment group on 3 

days post-ICH. (2) The number of nestin+/BrdU+ cells exhibited a continuously increase in leptin 

treatment group between 3 and 7 days post-ICH. (3) Significantly increased populations of 

BrdU+/DCX+ cells were found in leptin treatment group on 7 days post-ICH, but not on 3 days post-

ICH. (4) The migration distance of DCX+/BrdU+ cells were boosted gradually in leptin treatment 

group on 1, 3 and 7 days post-ICH. Conclusion Leptin treatment enhanced the activation of eNSCs 

in SVZ and consequently contribute to mice neural function repair after ICH. 
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Abstract: Objective Based on the PI3K/AKT/mTOR signaling pathway to investigate the 

mechanism of ginsenoside Compound K (CK) on Aβ42 activated microglia (BV2) cells against 

inflammation and Aβ oligomer phagocytosis. Methods Use 10μM Aβ42 oligomer to act on BV2 

cells to establish a microglia activation model, and observe the effect of g insenoside CK on the 

viability of BV2 cells through a real-time cell monitoring system; Use immunofluorescence 

technology to detect the ability of ginsenoside CK to mediate Aβ phagocytosis of BV2 cells, as 

well as the ability to regulate the proteins of different phenotypic markers CD68 and CD206 of 

BV2 cells; Measure the effect of ginsenoside CK on the expression of Aβ42 outside BV2 cells and 

the regulation of the secretion of inflammatory factors IL-4 and IL-6 by ELISA technology; 

Western Blotting technology was used to detect the ability of ginsenoside CK to regulate the 
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expression of PI3K/AKT/mTOR signaling pathway related proteins in BV2 cells. Results 

Compared with the blank group, the signal value of BV2 cells in the model group decreased 

(P<0.05), and the amount of Aβ42 phagocytosis in BV2 cells decreased (P<0.05). The deposition 

of Aβ42 oligomers outside BV2 cells increased (P<0.05), the expression level of CD68 in BV2 

cells increased (P<0.05), and the expression level of CD206 decreased (P<0.05). The secretion of 

IL-4 in BV2 cells decreased (P<0.05), and the secretion of IL-6 increased (P<0.05), Compared with 

the model group, after different doses of ginsenoside CK, BV2 cell signal value increased (P<0.05), 

BV2 cell Aβ phagocytosis increased (P<0.05), BV2 extracellular Aβ content decreased (P<0.05), 

The expression level of CD68 in BV2 cells decreased (P<0.05), the expression level of CD206 

increased (P<0.05), the secretion of IL-4 in BV2 cells increased (P<0.05), and the secretion of IL-

6 decreased (P<0.05). Conclusion Through the PI3K/AKT/mTOR signaling pathway, ginsenoside 

CK can increase the phagocytic ability of BV2 cells to Aβ, promote the activation of BV2 cells 

from the M1 phenotype to the M2 phenotype, and inhibit the production of inflammation . 

Keywords: ginsenoside CK; BV2 cells; Aβ42; PI3K/AKT/mTOR; inflammatory response;  
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Abstract: Objective In primates, the inferotemporal cortex (ITC) is imperative for object 

recognition, and the prefrontal cortex (PFC) is important to determining behavior based on 

information from other brain areas. It has been proposed that bottom-up and top-down 

communication between cortical areas occurs via synchronization of neural oscillations at specific 

frequencies. However, in object perception, the details of information transfer via neural 

oscillations between the ITC and the PFC are still poorly understood. We tested the hypothesis that 

different visual stimuli induce different frequency and spatial patterns in the communication 

between ITC and PFC.  Methods In this study, two macaque monkeys were trained in a fixation 

task using visual object stimuli, and an electrocorticogram (ECoG) was recorded from 192-channel 

electrodes implanted on the macaque ITC and PFC during the task. The stimuli contained face and 

non-face objects: the face stimuli included monkey faces, human faces, and the non-face objects 

included buildings and tools which were not familiar to the monkeys. To investigate the bottom-up 

and top-down influences between ITC and PFC, non-parametric Granger causality (GC), which 

could unfold information in both time and frequency dimensions, was used. Next, spatial analysis 

using local Moran’s I statistics was applied to investigate the degree of clustering in the spatial 

pattern of GC influences. Results In the alpha band (8-13 Hz), face stimuli exhibited stronger GC 

influences in both bottom-up and top-down directions than non-face stimuli. Some of the clustering 

regions of GC influences invoked by the face and non-face stimuli overlapped in both bottom-up 

and top-down directions, but face stimuli invoked more clustering regions, indicating that face 

perception recruited additional processing units in the alpha band. Conclusion Our results suggest 

that alpha oscillations may play an important role in the distributed information transfer between 

ITC and PFC during object perception. 

Keywords: monkey, inferotemporal cortex; prefrontal cortex; Granger causality; functional 

connectivity; spatial analysis 
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Abstract: Objective Biomarkers linking biochemical, neuronal, psychophysical, and 

psychopathological changes are still lacking in major depressive disorder (MDD). Neuronally, 

medial prefrontal cortex (MPFC) and other regions like the occipital cortex (OC) exhibit abnormal 

activity in MDD; their relationship to specific biochemical, psychophysical, and 

psychopathological changes remain unclear, though. For that purpose, we focus on a particular 

subregion in OC, namely middle temporal visual area (MT) that is known to mediate the perception 

of visual motion. Methods Resting state fMRI and proton magnetic resonance spectroscopy (1H-

MRS) data were collected at 7 T in 18 patients with acute MDD who were taking medication, and 

32 healthy control subjects. All subjects participated in a psychophysical task-visual motion 

suppression. The amplitude of low-frequency fluctuations (ALFF) of the blood oxygen level-

dependent (BOLD) signal in MT, MT-seeded functional connectivity (FC), and GABA in MT were 

investigated. Results We demonstrate significantly elevated neural variability (as measured by 
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ALFF) in MT together with decreased MT GABA and visual motion suppression in our MDD 

sample. Unlike in healthy subjects, MT ALFF no longer modulates the relationship of MT GABA 

and motion suppression in MDD. MT also exhibits reduction in global inter-regional FC to MPFC 

in MDD. Finally, elevated ALFF in MT relates to specifically retardation in behavior as measured 

by the Hamilton subscore. Conclusion MT offers the opportunity to link biochemical (GABA), 

neuronal (variability), psychophysical (motion suppression), and psychopathological (retardation) 

levels in MDD. We conclude that MT provides a strong candidate for biomarker in MDD.  

Keywords: major depressive disorder (MDD), middle temporal visual area (MT), amplitude of 

low-frequency fluctuations (ALFF), resting-state functional connectivity (rsFC), proton magnetic 

resonance spectroscopy (1H-MRS), gamma-amino butyric acid (GABA) 
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Abstract: Objective Microglia can regulate synaptic function by a displacement of the GABAergic 

synapses surrounding the neuronal soma. However, microglial synaptic displacement was reported 

in pathological setting, such as lipopolysaccharide induced neuroinflammation and febrile seizures. 

Whether it exists in physiological conditions and its mechanism remain unclear. Methods Three-

dimension reconstruction, in vivo two-photon calcium imaging, in vivo electrophysiology and Cre-

LoxP cell-specific gene knockout approaches were employed to study the characteristics, 

mechanism and function of microglia-mediated synaptic displacement under physiological 

conditions. Results (1) Microglia extensively associated with soma of glutamatergic neurons and 

displaced surrounding GABAergic synapses around the neurons in physiological condition. The 

degree of synaptic displacement was heterogeneous in different brain regions. (2)  Neurons 

extensively associated with microglia showed more calcium activity than neurons not extensively 

associated with microglia from in vivo two-photon calcium imaging. Brain regions with higher 

degree of synaptic displacement had higher overall neuronal excitability through recording local 

field potential. (3) Interlukin-1β (IL-1β) expression detected by RNAscope was negatively 

correlated to the degree of microglial association. Administration of IL-1β prevented microglial 

synaptic displacement, while antagonism of IL-1β (IL-1Ra) or knockout of interlukin-1 receptor 

type 1 (IL-1R1) resulted in more microglial synaptic displacement. IL-1Ra also increased the 

excitability of the neural network and impaired the motor learning ability of mice, which could be 

reversed by TRAM-34, a microglia inhibitor with inhibitory effect on synaptic displacement. (4) 

By cell-specific knockdown of IL-1β in glutamatergic neuron of microglia, we found that IL-1β 

mainly derived from glutamatergic neuron mediated microglial synapse displacement. Specific 

knockout IL-1R1 on glutamatergic neurons promoted the synapse displacement and impaired the 

motor learning ability, while knockout of IL-1R1 in microglial showed opposite effect by using 

Cre-LoxP system. Conclusion This study demonstrated the presence of cortex regional 

heterogeneity in microglia-mediated synaptic displacement under physiological conditions. IL-1β 

derived from neurons inhibited microglial synapse displacement through neuronal own IL-1R1, 

thereby regulating neuronal excitatory homeostasis and motor function. 

Keywords: IL-1R1; Microglia; Synaptic displacement; Balance of excitation and inhibition; Motor 

learning 
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Abstract：Objective General fluid intelligence (gF) refers to the ability to reason and problem 

solving, and involves rapid neural processing and the ability to suppress irrelevant information. 

Previous studies indicated that general neural inhibition may be a key factor underlying gF. 

However, the major inhibitory neurotransmitter-GABA, is known to exhibit region-specific 

concentrations in the human brain. So, it remains an open question whether specific gF tasks can 

be modulated by region-specific GABA concentrations. Furthermore, the impact of excitatory 
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glutamate on gF task and its interaction with inhibitory GABA also remain unknown. Methods we 

applied two tasks (a gF task and a spatial suppression task contributing to the gF task) known to be 

mediated by the visual dorsal pathway. We simultaneously measured GABA and glutamate 

concentrations in the middle temporal visual area (MT) of the dorsal pathway and in the early visual 

cortex (EVC) using ultra-high-field 7T proton magnetic resonance spectroscopy (1H-MRS). Result 

(1)We find that the performance on the two task was significantly correlated with individual 

differences in neurotransmitter levels in MT, but not in EVC. (2) Our findings show that 

performance on gF tasks mainly depends on the region-specific GABA levels in the human brain.  

Conclusion We suggest that the ability to suppress irrelevant information via GABAergic 

mechanisms is key to region-specific processing underlying gF tasks.  

Keywords: Three-dimensional visual intelligence task; spatial suppression; Gamma-amino butyric 

acid (GABA); middle temporal visual area (MTearly visual cortex (EVC); regional specificity; 

proton magnetic resonance spectroscopy (1H-MRS) 
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Abstract: Objective Early life inflammation is known to promote the risk of depression in later 

life. However, it remains unclear that how the inflammation in early life increases the susceptibility 

to the stress later in life to produce a depression-like state. For example, it is unclear how microglia, 

which are activated in early life by inflammation, are maintained in a state susceptible to 

environmental insults during the development of adolescence. The present study is to investigate 

whether the anterior cingulate cortex (ACC) microglia are involved in early life inflammation-

induced depression in adolescence. Methods The microglial activity and engulfment were 

identified by three-dimensional reconstruction and in vivo two-photon imaging. The neuronal 

activity was measured by the electrophysiology, fiber photometry, and in vivo two-photon calcium 

imaging. Results (1) Early life inflammation primes microglial susceptibility to stress during 

adolescent development. (2) Early life inflammation reduces the ACC glutamatergic neuronal 

(ACCGlu) activity in adolescent mice. (3) Early life inflammation drives increased microglial 

engulfment of ACCGlu neuronal spines. (4) CX3CR1-mediated microglial engulfment of spines 

promotes depressive-like behaviors in adolescence. (5) Early life inflammation-induced initial 

microglial activation and CX3CR1 upregulation require TLR4. Conclusion This study illustrates a 

molecular and cellular basis for better understanding how early life inflammation alters microglial 

activation and thereby exerts long-term effects on the synaptic plasticity, including an increased 

risk of poor stress coping and development of depression in adolescents . 

Keywords: Early life inflammation; microglial engulfment; ACC; dendritic spines; depressive 

symptoms; neuronal activity; calcium imaging. 
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Abstract: Objective Microtubules are highly dynamic cytoskeleton composed of α/β-tubulin 

heterodimers and involved in a variety of cellular processes, especially in neural development. 

Microtubule functions are spatiotemporally regulated by multiple post-translational modifications 

(PTMs) of tubulins. Tri-methylation on lysine 40 of α-tubulin (α-TubK40me3) is a recently 

identified PTM involved in mitosis and cytokinesis. However, knowledge about α-TubK40me3 in 

microtubule function and post-mitotic cells remains largely incomplete. Methods The 

spatiotemporal regulation of α-TubK40me3 was measured by immunoprecipitation and 

immunostaining. The neuronal morphology transition and migration were studied by in utero 

electroporation. The microtubule dynamics was revealed by in vitro microtubule reconstitution 

assay. The neuronal microtubules were counted by time-lapse imaging and transmission electron 

microscope. Results α-TubK40me3 is enriched in mouse cerebral cortex during embryonic day 

(E)14 to E16. Knockdown of α-tubulin methyltransferase SETD2 at E14 leads to the defects in 

neuronal migration, which could be restored by overexpressing either a cytoplasm-localized SETD2 

truncation or α-TubK40me3-mimicking mutant. Furthermore, α-TubK40me3 is preferably 

distributed on polymerized microtubules and potently promotes tubulin nucleation. 
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Downregulation of α-TubK40me3 results in reduced microtubule abundance in neurites and 

disrupts neuronal polarization, which could be rescued by Taxol. Additional ly, α-TubK40me3 is 

increased after losing α-tubulin K40 acetylation (α-TubK40ac) and largely rescues α-TubK40ac 

function. Conclusion We report that α-TubK40me3 is required for neuronal polarization and 

migration by promoting microtubule formation. This study reveals a critical role of α-TubK40me3 

in microtubule formation and neuronal development. 

Key words: Tubulin methylation; Tubulin acetylation; Tubulin nucleation; Neuronal polarization; 

Neuronal migration 
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Abstract: Cerebral blood flow is constantly regulated by multiple global and local neurochemical 

factors to ensure proper brain functions under various physiological conditions. Locus coeruleus 

(LC)-norepinephrine (NE) neurons innervate the entire brain via wide axon projections. They detect 

salient external stimuli and regulate brain-wide neural activity, but it remains unclear whether and 

how LC-NE neurons accordingly regulate cerebral blood flow to match the coincident changes in 

neural activity. Using larval zebrafish as a vertebrate animal model, we observed global pericyte 

activation associated with LC-NE neuronal activities during spontaneous locomotion or induced by 

threatening/aversive stimuli. By two-photon ablation and chemo/optogenetic manipulation of LC-

NE neuronal activity, we identified a key role of LC-NE neurons in regulating pericyte activity 

through NE release. Furthermore, we found that pericytes on different vascular hierarchies are 

differentially regulated by LC-NE neurons. While NE is the direct contributor of capillary pericyte 

activation, pericytes embedding precapillary arterioles with relatively low NE accessibility are 
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likely regulated by radial glia which relays NE signals to these pericytes. Glia involvement possibly 

corresponds to animal behavioral states. Hereby we unveil a regulatory mechanism of global 

cerebral blood flow where LC-NE neurons signal to pericytes on different levels of the vascular 

bed through direct and indirect pathways. 

 

Keywords: Locus coeruleus, norepinephrine, pericyte, cerebral blood flow, radial glia 
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Abstract: Objective Pain and itch are distinct sensations arousing evasion and compulsive desire 

for scratching, respectively. It is unclear whether they could invoke different neural networks in 

the brain. Two types of mechanoheat nociceptors can be marked respectively by neuropeptide 

galanin (Gal) or neurotensin (Nts), and the latter also mediates the histamine-induced pruriception. 

The present study is to reveal the distinct organization of neural networks derived from the two 

types of nociceptors. Methods We microinjected recombinant herpes simplex virus (HSV) into the 

lumbar 5 dorsal root ganglia (DRG) of transgenic mice to trace neural networks derived from 

specific types of primary somatosensory neurons. Anatomic differences were identified by 

quantitative analysis of labeled networks. The functional specificity of the anatomic differences 

was validated by the c-Fos assay and chemogenetics. Results (1) The DRG-microinjection 

facilitated HSV infection and propagation in the brain. (2) Neural networks derived from Gal+ and 

Nts+ DRG neurons presented anatomic differences with partial overlapping. (3) The anatomic 

differences presented functional specificity in processing pain and itch. Conclusion We improved 

viral injection procedure to map somatosensory neural networks from specific types of DRG 

neurons. This study reveals distinct organization of neural networks for pain and itch. These results 

provide a new insight into the central mechanism for discrimination of pain and itch sensation.  

 

Keywords: neural network; herpes simplex virus; galanin; neurotensin; pain; itch 
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Abstract: Neural micro-connectome of the brain is crucial for deciphering how the brain works. 

However, due to technique challenges, whole-brain micro-reconstruction of vertebrates has not 

been achieved, let alone micro-connectome with cell type identity. In this study, we generated a 

versatile genetic toolbox of larval zebrafish with organelle-localizing peroxidase APEX2 under the 

control of cell type-specific promoters. By automatic serial ultra-thin sectioning and high-speed 

Scanning Electron Microscopic imaging, we achieved the first whole-brain EM dataset with 

synapse resolution, in which neurons releasing dopamine, serotonin, norepinephrine, hyprocretin 

or glycine were labeled within one larva. By aligning with the mesoscopic reference brain, we 

rendered APEX2-unlabeled neurons with brain region annotations. The whole-brain reconstruction 

is ongoing based on deep neural networks. These megadata containing all cell types in the brain 

will not only provide structural basis of functional studies, but also help us understand brain 

organization, boosting the development of brain-inspired artificial intelligence and neuromorphic 

chips. 

Keywords: Micro-connectome; Zebrafish; APEX2; Cell type identity; Electron Microscopy 
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Abstract: Objective A high prevalence of sleep disorders has been identified in Alzheimer's 

disease (AD) patients. Moreover, sleep disturbance also increases the risk of AD. Sleep disorders 

can occur at very early stage of AD and are accompanied by changes in brain oscillation. Currently, 

little is known about the timing and phenotype of sleep and oscillation deficits in early AD, which 

might greatly facilitate the early diagnosis of the disease. In addition, the cause for early sleep 

disturbance is still unclear. Furthermore, sleep disorders are not only a phenomenon in AD, but 

may also actively contribute to the disease progression. The underlying mechanism is still not 

completely clear. The present study is to explore the sleep phenotype in early AD and study the 

potential cause and consequence of sleep deficits in early AD. Methods Sleep phenotype was 

measured by EEG and EMG. Protein expression level was analyzed by western blot. Neural 

function was measured by patch clamp whole cell recording. Results (1) There are sleep and brain 

oscillation deficits at very young age AD mice. (2) P-tau may be the cause for early sleep 

disorders. (3) There is dysregulation of sleep-dependent neural function in young AD mice, which 

may be caused by early sleep disorders. Conclusion Sleep and brain oscillation deficits occur at 

very early stage of AD, which may be due to p-tau and can disturb neural function. 

 

Keywords: Sleep, Alzheimer's disease, p-tau, brain oscillation, synaptic plasticity 
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Abstract: Accurate perception and rapid response to threatening cues in surroundings are vital for 

animals’ survival. Visual escape behavior, an explosive innate action of moving away from the 

threat, is highly conserved from invertebrates to vertebrates and can be modulated by multiple 

neuromodulators to adapt complex and changeable environments. The brain-wide projecting 

serotoninergic system is known to be involved in diverse brain functions. Here, by using larval 

zebrafish as a vertebrate animal model, we revealed a serotonergic-excitatory circuit which can 

efficiently enhance visuomotor transformation and improve escape performance. Serotonergic 

neurons in the pretectum sensitively respond to rapid luminance change, release serotonin in the 

deep layer of bilateral optic tectum to amplify signals of looming visual stimuli in the optic tectum, 

enhancing looming-evoked escape probability. Therefore, our study identifies a visual accessory 

circuit that modulates the core visual escape circuitry, and reveals that neuromodulation can 

augment the key visual information to increase behavioral flexibility and help animals generate 

appropriate responses.  

Keywords: serotonin, zebrafish, visual escape behavior, visuomotor transformation 
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Abstract: Objective Motion perception is critical for animals to survive in natural environments. 

Velocity is an essential aspect of motion processing, however, how our brain computing velocity 

across the visual hierarchy of the dorsal visual stream remains elusive. Specifically, how the higher-

level brain region processes velocity after lower-level brain areas lost direction selectivity at high 

speed. Our main hypothesis is that the higher-level brain areas process retinotopic sequential 

activation information from lower-level brain areas to distinguish the velocity. Methods In order to 

get a clear whole picture about velocity processing for visual brain areas, we used various velocities 

of random dots and recorded single units in V1, MT and MST in alert macaques. Then we built a 

hierarchical velocity processing model based on the hypothesis to simulate neuronal responses. 

Results 1) Hierarchically losing direction selectivity of V1, MT, and MST-I, expect MST-II across 

the increasing speeds. 2) The positive correlation between the highest speed of keeping direction 

selectivity and receptive field size in MT and MST indicated that larger receptive field process 

faster speed. 3) The differences in latency among V1, MT, and MST suggested the hierarchically 

bottom-up processing of motion information across speeds. 4) Model results were consistent with 

the physiological neural responses and hierarchically losing direction selectivity. Conclusion These 

results could support our hypotheses: high-level areas compute low-level areas inputting retinotopic 
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sequential activation information to process velocity. This study may promote understanding of 

velocity processing in the primate brain and provide theoretical basis for computer vision in 

artificial intelligence (AI).  

 

 Keywords:  macaque; V1; MT; MST; visual motion; hierarchical velocity processing 

model  
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Abstract: CaMKII has long been known to be a key effector for synaptic plasticity. Recent studies 

indicate that a variety of modulators interact with the subunits of CaMKII and further regulate the 

long-term potentiation (LTP) of hippocampal neurons. However, whether long non-coding RNAs 

modulate the activity of CaMKII and affect synaptic plasticity remains elusive. In this study, we 

identified a novel long non-coding RNA Carip which interacts with CaMKIIβ and regulates the 

phosphorylation level of AMPA and NMDA receptor subunits. The absence of Carip causes 

dysfunction of synaptic transmission and attenuates LTP in hippocampal CA3-CA1 synapses. It 

further impairs spatial learning and memory in Carip knock-out mice. Overall, our findings 

demonstrate that Carip modulates long-term synaptic plasticity by changing AMPAR and NMDAR 

activity and further affects learning and memory. 
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Abstract: Optogenetics is a state-of-the-art tool for researching specific types of neurons, neural 

circuits and even behaviors of waked animals. However, the question of how channelrhodopsin-

2(ChR2) could drive individual neurons or sets of neurons to mimic natural neural codes still remain 

elusive. Herein, we analyzed the differences between light and electrical stimulation modes and 

proposed the rational methods to solve these problems at the Calyx of Held synapses. Our study 

demonstrated that ChR2 (H134R) could cause mEPSC frequency, evoked EPSC amplitude and 

short synaptic plasticity alteration compared to traditional afferent fiber electrical stimulation. Our 

modes hypothesized that the inflexed Ca2+ via Calyx of Held pre-synapse might be the crucial 

factors. In order to confirm our hypothesis, calcium buffer EGTA-AM was used in ChR2 mediated 

synaptic transmission process and found that these affections could be suppressed. Moreover, the 

non-physiological effects from ChR2 was eliminated when directly illuminating the presynaptic 

axon instead of presynaptic terminal due to long distance between axon and presynaptic terminal 

and the modulation of action potential during propagating through axon. Over all, our study reveals 

the self-weakness of ChR2 in application and proposed a practical approach of application of 

optogenetics in neuroscience. 

Key words: Optogenetics, Short-term plasticity, Calyx of held synapse 
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Abstract: Long noncoding RNAs (lncRNAs) are known to regulate DNA damage response (DDR) 

and genome stability in proliferative cells. However, it remains unknown whether lncRNAs are 

involved in these vital biological processes in post-mitotic neurons. Here, we report and 

characterization a lncRNA, termed Brain Specific DNA-damage Related lncRNA1 (BS-DRL1), in 

the central nervous system. BS-DRL1 is a brain-specific lncRNA and depletion of BS-DRL1 in 

neurons leads to impaired DDR upon etoposide treatment in vitro. Mechanistically, BS-DRL1 

interacts with HMGB1, a chromatin protein that is important for genome stability, and is essential 

for the assembly of HMGB1 on chromatin. BS-DRL1 mediated DDR exhibits cell-type specificity 

in the cortex and cerebellum in gamma-irradiated mice and BS-DRL1 knockout mice show 

impaired motor function and concomitant purkinje cell degeneration. Our study extends the 

understanding of lncRNAs in DDR and genome stability and implies a protective role of IncRNA 

against neurodegeneration. 
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Abstract: Objective The hypothalamus contains an astounding heterogeneity of neurons which 

regulate endocrine, autonomic and behavioral functions. However, its molecular developmental 

trajectory and origin of neuronal diversity remain unclear. Methods Here we profile the 

transcriptome of 43,261 cells derived from Rax+ hypothalamic neuroepithelium to map the 

developmental landscape of mouse hypothalamus and trajectory of radial glial cells (RGCs), 

intermediate progenitor cells (IPCs), nascent neurons and peptidergic neurons. Results We show 

that RGCs adopt a conserved strategy for multipotential differentiation but generate both Ascl1+ 

and Neurog2+ IPCs. Ascl1+ IPCs differ from their telencephalic counterpart by displaying fate 

bifurcation and postmitotic nascent neurons resolve into multiple peptidergic neuronal subtypes. 

Clonal analysis further demonstrates that single RGCs can produce multiple neuronal subtypes. 

Conclusion Together, our study reveals that multiple cell types along the lineage hierarchy 

contribute to fate diversification of hypothalamic neurons in a stepwise fashion, suggesting a 

cascade diversifying model that deconstructs the origin of neuronal diversity.  

Keywords: hypothalamus development, neuronal diversity, lineage tracing, single cell RNAseq, 

clonal analysis. 
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Abstract: Objective Previous research showed that α-syn is the major component of Lewy bodies, 

which is the common hallmark of Parkinson’s Disease and other synucleinopathies. The 

heterozygous point mutations of α-syn are associated with the early onset and rapid progression 

of familial PD (fPD). However, the interplay between hereditary mutated and wild-type(WT) α-

syn and its role in the exacerbated pathology of α-syn in fPD progression are poorly understood. 

Methods α-synucelin preformed fibrils (PFFs) of  human wildtype α-synuclein (hWT) , α-

synuclein with E46K mutation (hE46K), or wildtype α -synuclein cross-seeded with E46KPFF 

(hWTcs) were bilaterally inoculated into dorsal striatum of the wildtype mice. Motor deficits were 

analyzed by behavioral analysis. The in vivo pathologies were examined by IHC staining. Results 

(1) The hE46K strain leads to early-onset motor deficit and distinct α-Syn aggregates in vivo 

comparing to the hWT strain. (2) The hWTcs strain inherits the pathological properties of the 

hE46K strain in vivo. Conclusion We found that the hE46K and hWT fibril strains induced α-syn 

aggregates with distinct morphologies in mice. Mice injected with the hE46K strain developed 

more α-syn aggregation and early-onset motor deficits compared with the mice injected with the 

hWT strain. The cross-seeded fibrils replicated the seeding capability of the hE46K in vivo.  

Keywords: α-synuclein; Parkinson’s disease; E46K mutant; patholoty 

Back to top ↑ 

 

O-082 

Neural Function of miR-34a in Adult Brain 

mailto:kwhe@sioc.ac.cn


September 16-19, 2021 Chongqing 

 

Xia Min1,2, Jun-Ying Wang1,2, Kai-Wen He1,2,* 

1Interdisciplinary Research Center on Biology and Chemistry, Shanghai Institute of Organic 

Chemistry, Chinese Academy of Sciences, Shanghai 200032, China 

2University of Chinese Academy of Sciences, Beijing 100049, China 

*Corresponding author 

*E-mail: kwhe@sioc.ac.cn (K.-W.H.) 

 

Abstract:  

Objective: MicroRNA (miR)-34a is a highly conserved miRNA that is enriched in the brain and 

may have important neuronal function. Little is known about the functional role of miR-34a in the 

adult brain. Many of the predicted targets of miR-34a are synapse-related proteins, suggesting that 

miR-34a may be essential for synaptic regulation. This study is to investigate the regulatory effects 

and the underlying mechanisms of miR-34a on synaptic transmission and synaptic plasticity in 

adult brain.  

Methods: Heterozygous miR-34a knockout mice (34a_ht) were used in this study. The synaptic 

function was investigated by extracellular field potential recording and whole cell recording. 

Biochemistry, imaging, behavioral analysis were applied to study the underlying mechanism.  

Results: Down-regulation of miR-34a in adult mice specifically enhances the NMDAR-dependent 

synaptic transmission and alters the long-term synaptic plasticity. This is correlated with increased 

silent synapse density in the 34a_ht mice. We have further identified the potential molecular target 

of miR-34a that mediates these effects.  

Conclusion: miR-34a can regulate the synaptic transmission and synaptic plasticity by regulating 

the formation of silent synapses in the adult brain. 

Keywords: miR-34a; synaptic function; silent synapse 
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Abstract: Mesenchymal stem cell (MSC) is an absorbing candidate for cell therapy in treating 

spinal cord injury (SCI) due to its great potential for multiple cell differentiation, mighty paracrine 

secretion as well as vigorous immunomodulatory effect, of which are beneficial for the treatment 

of SCI. However, the therapeutic effects of MSC on SCI have been limited because of the  gradual 

loss of MSC stemness in the process of expanding culture. Therefore, in this study, we aimed to 

maintain those beneficial properties of MSC via three-dimensional spheroid cell culture and then 

compared them (3D MSCs) with conventionally-cultured MSCs (2D MSCs) in the treatment of SCI 

both in vitro and in vivo with the aid of two-photon microscope. We observed that 3D MSCs 

demonstrated a significant increase in secretion of anti-inflammatory factors and growth factors 

like VEGF, NGF, etc. in vitro via QPCR and ELISA, and significantly promoted the angiogenesis 

and guided the axons regeneration when they co-cultured with human umbilical vein endothelial 

cells, and dorsal root ganglion, respectively. We also found that transplanted 3D MSCs significantly 

promoted functional recovery post SCI accompanied by better histopathological recovery including 
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smaller lesion size, decreased astrogliosis and inflammatory infiltration. Further investigation of 

axonal dieback via two-photon microscope indicated that 3D MSCs transplantation could 

effectively reduce the distance of axonal dieback post injury. RNA sequencing showed that the 3D 

MSCs cytoskeleton-related gene was significantly changed, which was likely to potentiate the 

ability to secret anti-inflammatory factors and trophic factors (especially the VEGF) beneficial for 

the repair of SCI. These results strongly suggest that 3D MSCs may have great potential for the 

treatment of SCI. 

Keywords: 3D Mesenchymal stem cells; Structure Reorganization; Spinal cord injury; In-vivo 

imaging 
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Abstract: Objective The interaction between the cerebral cortex and deep cerebellar nuclei plays 

an important role in anesthesia. Some researchers presumed that there are synchronous changes in 

multiple brain regions during anesthesia in vivo. However, the mechanism of this phenomenon 

cannot be revealed at the cellular resolution, because conventional techniques can not dynamically 

record the information of cell structure and neural activity in different brain regions and depths. 

Here, we propose a single-photon excitation fluorescence microscope technology, which can 

simultaneously image the cortex and hippocampus through a customized microscope and a chronic 

optical window at cellular resolution, and we use it to observe the neurodynamic differences 

between the cortical and hippocampal neurons in anesthetized mice. Methods Firstly, we implanted 

a chronic optical window on the mice’s brain: we replaced part of the skull with  a cover-glass slide, 

removed part of the cortex above the hippocampus, and implanted a glass column with a diameter 

of 2 mm and a thickness of 1 mm to form a chronic window. Then, we observed the cortex and 

hippocampus simultaneously with a customized optical microscope while mouse was inhaling with 

2% isoflurane.  Results (1) The microglia cells and neurons were simultaneously observed both in 

cortical and hippocampal by our microscopic system in vivo. (2) The activity of cortical neurons 

decreased from the peripheral to the center during isoflurane inhalation. Conclusion The multi-

planar, brain-wide microscopic system enables single-shot imaging of the cortex and deep cerebral 

nuclei, which provides a promising tool for the study of the mechanism of anesthesiology.  

Keywords:  general anesthesia; microscopy; isoflurane;  
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Abstract: Objective Microbial-gut-brain axis plays an important role in behavioral regulation.The 

deep molecular mechanisms by which gut microbes are involved in depressive behavior through 

intestinal brain signaling remain unknown.In this study, based on faecal microbial transplantation 

(FMT) and multi-omics analysis techniques, we explored the effects of gut microbiota on mice 

behavior and related metabolic and inflammatory regulatory pathways, so as to provide reference 

for specific studies on the role and mechanism of intestinal flora. Methods The feces of depression 

model mice with chronic social defeat stress (CSDS) were transplanted into Pseudo-germ-free 

recipient mice pretreated with antibiotics. The depression-like phenotype of the transplanted mice 

was evaluated by a variety of behavioral tests.16S rRNA sequencing, transcriptome sequencing, 

targeted and non-targeted metabolome analysis were used to investigate the changes of key gut 

microbiota, metabolites and signaling pathways induced by FMT. Results (1) Behavioral results 

showed that the depression-like phenotype of donor mice could be transmitted to recipient mice 

through gut microbiota (2) The abundance of Helicobacter spp. Alistipes spp. and Akkermansia spp. 

Desulfovibrio spp. in faeces of mice induced by FMT was significantly increased. (3) FMT 

significantly altered the tryptophan metabolism pathway in the recipient mice, including decreased 

tryptophan and indole metabolites in the ileocecal valve; The levels of kynurenine in serum and 

ileum were increased and indoles were decreased. at the same time, GABA significantly decreased 

in ileum, ileocecal valve and brain tissue, and the content of GABA in ileocecal valve was 

positively correlated with the social score of mice. (4) Transcriptome results in cortex and nucleus 

accumbens regions showed that the increased sensitivity to depression after FMT was related to 

interferon, interleukin-17 and chemokine signaling pathways. Conclusion The depression-like 

behavior induced by CSDS can be transmitted to the recipient mice through gut microbiota, and the 

mechanism involves the changes in the metabolic pathways of tryptophan and GABA in the "gut 

brain axis" as well as the regulation of central inflammatory immune signaling pathways.  
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Abstract: Objective Human pluripotent stem cells (hPSCs)-based replacement therapy for treating 

Parkinson’s disease (PD) is entering clinical trials among countries. However, current therapy is 

hindered by generation of characterized cell products. The present study is to produce character ized 
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and enriched mesencephalic dopamine progenitor for stable and predictable therapeutic outcomes. 

Methods Time-course single-cell RNA sequencing (scRNA-seq) was implemented to resolve the 

temporal dynamics of mesencephalic dopamine neuron (mDA) differentiation from hPSCs. 

Computational analysis was used to construct a single-cell level mDA neuron in vitro 

differentiation map and to discover novel surface markers of mDA progenitors. CRISPR-

engineered knock-in hPS or hiPS cell lines were used to validate novel surface markers, to enable 

live cell isolation, to enable isolation of human graft cells from mouse brain, and to genetically 

label mDA neuron for electrophysiological and histological investigation. Results (1) In vitro 

differentiation system recapitulates in vivo ventral midbrain development. (2) mDA neurons are 

enriched up to 80% by identified surface marker in PD mouse brain. (3) Histological analysis and 

scRNA-seq revealed a constant cellular composition of the grafts among different marker-sorted 

groups, with mDA neurons enriched and other cell types defined. (4) mDA progenitors isolated by 

these markers can integrate into the host brain and correct motor deficits in PD mice. Conclusion 

Our results establish a guideline for PD cell therapy by transplanting specific marker-derived mDA 

progenitors to achieve predictable graft outcome. 

Keywords: Parkinson’s disease; Cell therapy; Dopaminergic neuron; Single-cell RNA-seq 
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Abstract: Recombinant adeno-associated virus (rAAV) is widely used as a gene delivery vector 

for neuroscience research and gene therapy clinical trials for nervous system diseases. However, 

one of the major bottlenecks for rAAV vector is its low packaging capacity. The standard rAAV 

cannot package more than 5kb of DNA, so the use of compact promoters in rAAV would allow for 

larger capacity of transgenic delivery. We screened for promoters based on genes with high levels 

of neuronal expression. Potential promoter fragments were packaged in PHP.B capsid and injected 

into the brain of mice and monkeys to test promoters’ efficiency and specificity. We identified 

several compact promoters that can drive robust neuronal expression in mouse and monkey brains. 

We observed widespread transgene expression in neurons, but not glia, throughout the brain after 

rAAV delivery. Moreover, candidate promoters were able to drive a functional opsin gene 

expression and we observed significant contralateral rotational behavior after optogenetic 

activation of the primary motor cortex (M1)-striatum neural circuit in mice. Our results 

demonstrated that compact promoters are able to drive robust neuronal gene expression in mice and 

monkeys. 

Key Words: Recombinant adeno-associated virus; promoter; monkey; specific neuronal expression 
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Abstract: Objective Memory generalization is a fundamental feature of memory processing, 

appropriate balance between memory generalization and specificity is essential for the survival and 

mental health of individuals. However, the neural circuitry underlying memory generalization 

remains largely underexplored. We here aim to identify the key neural circuits that connect multiple 

brain regions and regulate memory specificity. Methods We used fiber photometry to examine the 

real-time activity of bed nucleus of the stria terminalis (BNST) neurons during contextual fear 

memory training, retrieval and generalization tests. We then performed immediate early gene c-Fos 

mapping combined with retrograde tracing to identify upstream inputs to the BNST during memory 

retrieval and generalization. We further used optogenetic and chemogenetic strategies to 

manipulate activities of specific afferent projections to the BNST, and examined their effects on 

memory generalization. Results (1) The neuronal activity of BNST negatively correlated with 

freezing behavior during both memory retrieval and generalization tests. (2) Distinct upstream 

inputs to BNST were differentially activated during memory retrieval versus generalization tests. 

(3) Manipulations of the activities of two upstream regions of BNST resulted in opposite effects on 

memory generalization states. Conclusion Overall, our study reveals novel neural circuits that 
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integrate different types of information from discrete upstream regions of BNST for the modulation 

of memory generalization.  
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Abstract: Objective Social cognition is the processing of social information in the brain, including 

identifying others’ emotions and responding appropriately. In rodents, little is known about the 

sexually dimorphic behaviors in the social decision-making process, and even less is known about 

how sex differences in the behavioral displays are orchestrated by the neural circuitry. Methods 

We optimized a protocol to examine the differential social decision-making behaviors and 

compared the neural circuitry in different sex. Results (1) When placed in front of the conspecific 

suffering pain, male mice exhibited intensive grooming, whereas females exhibited increased 

sniffing. (2) When experiencing pain, the cagemate demonstrators transmitted olfactory 

information, which led to the activation of the olfactory cortex in the observers. Several 
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downstream brain regions, including the cortical and subcortical structures, were also activated. (3) 

Bidirectional manipulation of the olfactory-cortical projections influenced the sniffing behavior in 

the female. By contrast, olfactory-subcortical projections were required for the grooming behavior 

in males. Conclusions Our findings revealed the neural mechanisms underlying male and female 

differences in social decision-making behavior. 

 

Keyword: sex differences; conspecific pain; social decision-making behaviors  
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Abstract: Objective BAF45D is a member of BAF complex and is required for retinoic acid (RA) 

induced PAX6 expression. PAX6 determines neuroectoderm formation, which is highly level 

sensitive. PAX6 expression is also regulated by TGF-beta/SMAD signaling. However, mechanism 

of such regulation remains elusive. We therefore sought to explore whether BAF45D regulates 

PAX6 expression through cooperating with TGF-beta/SMAD signaling in RA treated P19 cells. 

Methods We mainly combined RA-induced early neural differentiation of P19 cells and RNA-seq 

techniques to explore molecular mechanism involved in the differentiation. Results Here we 

identified BAF45D is required for expression of phosphorylated SMAD3 and PAX6 induced by 

RA. Genome-wide analysis revealed that during RA-induced early neural differentiation, BAF45D 

knockdown failed to activate TGF-beta/SMAD signaling and induce expression of Stat3 and Smad7, 

two negative regulators of TGF-beta/SMAD signaling. Moreover, BAF45D was immunoprecipited 

with BRG1and phosphorylated SMAD3. GST-tagged BAF45D interacts with SMAD3 in vitro. In 

addition, Smad3 siRNA abolished RA-indueced expression of phosphorylated SMAD3, PAX6, 

STAT3 and SMAD7. Finally, overexpression of BAF45D directly induced expression of PAX6 and 

phosphorylated SMAD3. Conclusion These results suggest that a novel effect of BAF45D 
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cooperating with SMAD3 on PAX6 level control, which may shed new light on early neural 

differentiation of P19 cells. 
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Abstract: Previously, we reported global hypermethylation in DS might be attributed to the 

overexpression of HSA21 gene DNMT3L, which can enhance DNMT3A and DNMT3B activities 

in DNA methylation. To test this hypothesis, we compared the DNA methylation and RNA 

expression profiles of early-differentiated human neuroprogenitors with and without DNMT3L 

overexpression.We found DNMT3L overexpression only moderately increased the DNA 

methylation of limited genes, yet significantly altered global RNA expression of genes involved in 

neural differentiation. We further found that DNMT3L bound STAT1 or STAT3, and increased its 

phosphorylation and nuclear translocation, which in turn activated the expression of transcription 

factors including HES3, ASCL1, NEUROD2 and NEUROG2 and CDK inhibitor CDKN1A, which 

promoted cell cycle exit and neural differentiation. This phenomenon was also confirmed in Dnmt3l 

conditional knockin mice, which could be rescued by STAT1 and STAT3 phosphorylation 

inhibitors (Fludarabine and SH-4-54) but not DNA methylation inhibitor (Decitabine). These 

results suggest that DNMT3L play an important role during neurodevelopment independent of 

DNA methylation, which may contribute to the abnormal phenotypes observed in Down syndrome 

cortex. 

 

Keywords: DNA methylation; DNMT3L; Differentiation; Neurogenesis; STAT1; STAT3. 
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Abstract: Objective Human chromosome 21-located DNMT3L, as an accessory factor for DNA 

methyltransferases DNMT3A and DNMT3B, is involved in genomic imprinting during germ cell 

development. Its overexpression plays an important role in neurodevelopmental disorder in Down 

Syndrome. The present study is to explore how Dnmt3l overexpression in mouse cortex affects it s 

synapses and behavior. Methods Dnmt3l-KI mice with Dnmt3l overexpression in neocortex 

(Dnmt3lEmx1-cre) was generated by CRISPR/Cas9-mediated genome engineering and Cre-mediated 

recombination. The motion, sensory, emotion, learning, memory, and social behavior were tested 

in wild type and Dnmt3l overexpression mice. The synaptic phenotypes were examined by Golgi 

staining, immunofluorescence staining, electrophysiology recording of brain slices, and 

transmission electron microscopy (TEM). The RNA expressions in medial prefrontal cortex were 

analyzed by RNA sequencing. Results Compared with wild type mice, Dnmt3lEmx1-cre mice showed 

autism-like behaviors, especially decreased social interactions. Golgi staining showed increased 

density of dendritic spines (especially thin type), and increased dendritic branches and length in 

Dnmt3lEmx1-cre mice. TEM showed increased density of asymmetric synapses and diameter of 

synaptic vesicles in Dnmt3lEmx1-cre mice. RNA sequencing results revealed upregulation of autism-

related genes and synapse-related genes in Dnmt3lEmx1-cre mice, particularly excitatory glutamate 

receptor genes, which were verified by qRT-PCR, Western blot, and immunofluorescence staining. 

The increased activity of excitatory glutamate receptors were confirmed by electrophysiology 

recording of brain slices from Dnmt3lEmx1-cre mice. Conclusion Dnmt3l overexpression in cortex 

leads to increased expression and activity of excitatory receptors, and autism-like behavior.  
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Abstract: Objective Neurogenesis in adolescence exist a variety of developmental differences and 

has a much highly sensitivity to extrinsic factors in hippocampus, from that in adulthood. Alcohol 

leads to serious damages in the brain of young people. However, controversial results of ethanol in 

hippocampal neurogenesis are reported in adolescence and adult mammalians. Here, we explore 

the effects of ethanol on hippocampal new-born neurons from adolescence to adulthood by in vivo 

fluorescent tracing. Methods NestinCreERT2::Rosa26-tdTomato transgenic mice were used at the 

age of 4 week-old and 8 week-old for analyzing different stages of endogenous lineage of neural 

stem cells (NSCs) and spines of new-born neurons in DG of hippocampus. Results (1) Ethanol 

suppressed new-born NSCs activation and remarkably retarded the NSCs lineage progression to 

mature neurons. Furthermore, adolescent mice are more sensitive to ethanol exposure in this 

process. (2) After two month of ethanol exposure, Tomato+ NSCs tended to deteriorate in a 

disoriented and mispositioned growth pattern. Meanwhile, the lineage distribution of Tomato+ cells 

shifted obviously to a downregulation of new-born cells. (3) Ethanol maintained its remarkable 

dysplastic changes on the inhibition of dendritic growth and the reduction of dendritic spines. (4) 

Physical training or pharmacological inhibition of mTOR pathway evidently reversed the 

dysfunction of ethanol above. Conclusion Ethanol maintains disorganization of new-born 

hippocampal neurons and dysplastic changes from adolescence to adulthood in mice. 
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Abstract: Retina consists of five neuronal cell types, including retinal ganglion cell (RGC), 

amacrine cell (AC), bipolar cell (BC), horizontal cell (HC), photoreceptor cell (RGC). Retina 

senses the visual stimulus and send the signal to the brain via the coordination of these cell types. 

Each cell type could be further classified as many subtypes, for instance, bipolar cells include both 

ON and OFF subtypes based on their axon termination. How these different cell types/subtypes 

generated during development? Our study delineated that each cell type/subtype was derived from 

stereotyped lineage(s). Specifically, an RGC preferred to born together with a PR precursor, the 

latter would give birth to two PRs (RGC-2PR); ACs mainly came from the lineages of AC-BC or 

AC-2PR, depends on AC subtypes; BCs were predominantly produced by the lineages of BC-BC 

or AC-BC, depends on BC subtypes. Stereotyped lineages were specified in molecular-defined 

progenitor cells, as RGC-2PR and AC-2PR lineages were derived from onecut1+ progenitor cells 

while AC-BC and BC-BC lineages were generated by vsx1+ progenitor cells. A common 

transcription factor directed the generation of different cell types/subtypes in onecut1+ and vsx1+ 

progenitor cells, which result strongly indicated the intrinsic fate restriction in progenitor cells.  

Keywords: fate determination, cell lineage, re-specification, reprogramming, ptf1α, otx2 
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Abstract Objective Neuropsychiatric disorder refers a broad range of medical conditions that 

involve both neurology and psychiatry, including such as schizophrenia, autism spectrum disorders 

(ASD), bipolar disorder and depression. Recent genome-wide association studies have shown that 

MIR137 gene (encoding the microRNA miR-137) is significantly associated with schizophrenia 

and ASD, indicating the essential role of miR-137 in the pathogenesis of neuropsychiatric disorders. 

Our earlier studies found that loss of miR-137 resulted in the activation of microglia and a 

significant decrease in complement proteins in mice; however, whether miR-137 express and have 

direct functions in microglia remains unknown. This study is to explore whether miR-137 plays a 

role in regulating the development and function of microglia. Methods The expression of miR-137 

in human was firstly examined by using human iPSCs-derived microglia. To systematically 

investigate the role of miR-137 in microglia, we have generated the miR-137 global knockout (gWT, 

Mir137+/+; gKO, Mir137–/–) mice. Primary microglia from miR-137 gKO mice were isolated for 

functional and multi-omics analysis (RNAseq and ATAC-seq) to identify the key regulatory miR-

137 targeted genes and signaling pathways in regulating the development and function of microglia. 

To test the effect of miR-137-deficient microglia in neuronal function, microglia-neuron co-culture 

in vitro experiment was conducted. Results (1) The expression of miR-137 in human iPSCs-derived 
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microglia is comparable to that in certain mouse brain tissues. (2) In the "neuron-microglia" 

interaction, miR-137 affects the functions of microglia inflammation and phagocytosis. (3) By 

comparing adult miR-137 gWT and gKO primary microglia, RNAseq analysis indicate that gWT-

specific differentially expressed genes (DGEs) are enriched with the genes involved in immune 

system process, while those of gKO-specific DEGS are enriched in neuronal function. (4) ATAC-

seq analysis revealed that loss of miR-137 resulted in extensive open status of chromatin, 

suggesting miR-137 may regulate the cell proliferation of microglia. Conclusion Our results 

together suggest that miR-137 can regulate the development and function of microglia.   
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by 

impaired social communications and repetitive patterns of behavior. Prenatal valproate (VPA) 

mailto:sophielshi80@gmail.com


The 14th Annual Meeting of Chinese Neuroscience Society 

exposure is an important environmental risk factor for ASD. However, the pathological mechanism 

has not been fully revealed. Recent studies suggest that excessive global protein synthesis leads to 

disrupted protein homeostasis in the ASD brain. This study aims to investigate the association 

between mTOR-mediated protein synthesis and the pathogenesis of ASD, and to explore the effects 

of valproate on gene expression profiles and translational modulation. By injecting VPA at 

embryonic day 12.5, we constructed the VPA-induced ASD mice model and only male offspring 

were used in this study. We measured the expression and phosphorylation of mTOR pathway-

related proteins by western blot assay. And we investigated the global protein synthesis level in the 

cortex of VPA-exposed mice by using a non-canonical amino acid-labeling method for newly 

synthesized protein. We found increased levels of p-p70S6K, p-S6 and p-4EBP in the cortex of 

VPA-exposed mice, accompanied with dysregulated protein synthesis. We further isolated and 

sequenced ribosome-free and polysome-bound RNAs by using polysome profiling, in parallel with 

RNA-Seq of total mRNAs, to identify the abnormalities in transcriptome and translatome.  

 

Keywords Autism spectrum disorder; valproate; protein synthesis; translatome; RNA-seq 
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Multiple cell adhesion molecules cooperate to regulate the 

precise neural circuits assembly 

      

Abstract: Layer-specific assembly of neural circuits guarantees the precise processing of different 

neural information. Neurons express multiple cell adhesion molecules (CAMs) that regulate the 

neural circuits assembly in a cooperative manner. However, the combinatorial working strategies 

are still unclear. In the Drosophila visual system, the medulla neuropil is arranged with different 
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neuronal cell types forming layer-specific patterns of connectivity. I found that CadN, Beat-IV and 

DIP- expressed in medulla neuron Dm12 regulates the neurites targeting to M3 layer. Dm12 

neuron losing any one of these three CAMs mistargets to M8 layer. Heterozygous mutant of CadN 

significantly increases the ratio of mistargeting Dm12 in homozygous mutant of Beat-IV or DIP-, 

indicating that genes encoding these three CAMs have genetic interaction. In addition, DIP- 

mutant Dm12 exhibits an impaired neural circuit at M3 as the number of presynaptic marker protein 

Bruchpilot (Brp) is significantly reduced. However, mistargeting processes at M8 form ectopic 

neural circuits as Brp puncta are expressed there. CadN is widely expressed in most of the neuronal 

types, while Beat-IV and DIP- exhibit cell-type specific expression pattern, suggesting that a 

universal expressed protein, as CadN, plays a unique role in regulating neural circuits assembly 

with the coordination of cell-type specific proteins. Taken together, these results will provide 

essential knowledge to understand the combinatorial mechanism from multiple CAMs that underlie 

precise assembly of neural circuits, and will deepen our understanding of how genetic program 

regulates the formation of brain wiring. 
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Abstract: A 4-day monocular deprivation (MD) during a postnatal critical period leads to 

significant shift of ocular dominance (OD) of developing primary visual cortex (V1) in mice. In 

terms of this classical experience-induced critical period plasticity, previous studies have 

established a general notion that cortical inhibition primarily mediated by the parvalbumin (PV)-

expressing interneurons, is a key factor of gating the critical period plasticity. In the present study, 

we presented direct experimental evidence supporting the equivalent importance of cortical 

somatostatin (SST)-expressing interneurons in the control of V1 critical period plasticity. In the 

experiments using chemogenetic suppression (DREADD-hM4Di) of cortical PV+, SST+ and 

vasoactive intestinal peptide (VIP)-expressing interneurons, respectively, we 

found that suppressing inhibitory SST+ interneurons activity during the 4-day-MD completely 

abolished the MD-induced OD shifts of V1 principal neurons, equivalent effects as the cortical PV+ 

interneurons, during the critical period, while similar suppression of cortical VIP+ interneurons did 

not affect OD plasticity at all. Furthermore, we showed that the chemogenetic suppression of 

cortical PV+ or SST+ interneurons disrupted the temporal coincidence of visual inputs from the two 

eyes to cortical binocular principal neurons, which is known as specific neural substrate for OD 

plasticity induction during the critical period. Thus, our results suggest that cortical SST + 

interneurons are required for cortical critical period plasticity, and PV+ and SST+ interneurons exert 

equivalently important regulation on the plasticity induction. 

 

Key words: ocular dominance plasticity, SST+ interneurons, PV+ interneurons, VIP+ interneurons, 

binocular input coincidence 
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Abstract: Objective Fragile X mental retardation protein (FMRP) is an mRNA-binding protein 

that regulates local protein translation. Reduced FMRP levels lead to synaptic alterations in fragile 

X syndrome (FXS), which is characterized by intellectual disability and auditory dysfunction. In 

this study, we aimed to determine the autonomous function of presynaptic FMRP in circuit 

formation and synaptogenesis in the chicken nucleus magnocellularis (NM), the avian analogue of 

spherical bushy cells (SBCs) in the mammalian anteroventral cochlear nucleus (AVCN). NM and 

SBC neurons are innervated by the central processes of spiral ganglion (SG) neurons, also known 

as auditory nerve fibers (ANFs), via the endbulb of Held, a well-conserved synaptic structure 

among vertebrate species. Methods Using immunohistochemistry and western blot, we first 

characterized the developmental profile of FMRP expression in SG neurons during critical periods 

of synaptogenesis and endbulb maturation from embryonic (E) day 6 to E19. To determine the 

autonomous role of FMRP in SG neurons in endbulb development, we next knocked down FMRP 

levels selectively in SG neurons without interfering with FMRP expression in postsynaptic NM 

neurons. Drug-inducible constructs expressing Fmr1-shRNAs were introduced into 

cochleovestibular ganglion precursors via in ovo electroporation at E2, leading to transfection of a 

subset, but not all, SG neurons. Synaptic morphogenesis was evaluated by 3D surface rendering, 

while synaptic protein alteration was determined with immunostaining.  Results (1) Both 

immunohistochemistry and western blot revealed consistently high levels of FMRP throughout this 

developmental window. (2) When examined at E9, ANFs with less FMRP are capable of reaching 

towards the NM region normally. In the next a few days, however, a considerable number of ANFs 

failed to show obvious terminals on NM neurons. Instead, these fibers continued to grow, passing 

through the NM ventrally, indicating defective axonal targeting and/or terminal maintenance. (3) 
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A small number of ANFs did terminate on NM neurons with endbulb-like endings. The 3D 

reconstruction of transfected endbulbs shows comparable morphology with the non-transfected 

ones, however, we observed reduced immunoreactivity of Synaptotagmin 2, a critical calcium 

sensor responsible for triggering exocytosis, in transfected endbulbs, suggesting the possible 

impairment of neural transmission. Conclusion Our data demonstrate that normal levels of FMRP 

in the spiral ganglion are required for endbulb formation and function. Ongoing studies are 

investigating the interaction of synaptotagmin 2 and FMRP, as well as the potential biophysical 

and functional consequences of the axonal and synaptic alterations as induced by FMRP 

deficiency.  

Keywords: Fragile X mental retardation protein; auditory processing; synaptogenesis; autonomous 

function 
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Abstract: Objective Fragile X mental retardation protein (FMRP) is an mRNA-binding protein 

that regulates local protein translation. The functional loss of FMRP can lead to Fragile X syndrome 

(FXS) accompanied by hearing dysfunction. Spiral ganglion neurons (SGNs) convey auditory 

stimulation to cochlear nuclei in the brainstem through their central processes, known as auditory 

nerve fibers (ANFs). Our previous study observed that FMRP deficiency in SGNs results in ectopic 

ANF projection during early development, however, the mechanism remains unclear. Semaphorin 

3A (Sema3A) is a secreted ligand-protein, which possesses a vital role in axonal guidance by 

binding to its receptors PlexinA1 and Neuropilin1. Notably, growth cone collapse induced by 

Sema3A is attenuated in FMRP KO neurons (Li et al., 2009), implying the interaction of FMRP 

and Sema3A. The present study is to test the hypothesis that FMRP deficiency desensitizes the 

growth cones of growing ANFs to the postsynaptic Sema3A signal, resulting in misprojection of 

ANFs. Methods We firstly determined the developmental profile of Sema3A and its receptors by 

combining fluorescent in situ hybridization (FISH) and immunohistochemistry. We then knocked 

down FMRP levels selectively in SG neurons without interfering with FMRP expression in 

postsynaptic cochlear neurons. Drug-inducible constructs expressing Fmr1-shRNAs were 

introduced into SGN precursors via in ovo electroporation at chicken embryonic day 2 (E2), leading 

to transfection of a subset SGNs, and leaving the non-transfected neurons and axons as 

control. Results (1) During the critical period of ANFs projection, Sema3A and its receptors 

PlexinA1 and Neropilin1 are all highly expressed in the SGNs and cochlear nuclei. (2)  Neuropilin-

1 and plexinA1 mRNAs are targets of FMRP. (3) Compared to the non-transfected ANFs with normal 

FMRP levels, the distribution of plexinA1 and neuropilin1 mRNA was significantly reduced in the 

ANFs with less FMRP. While in SGNs, neropilin1 mRNA was observed to accumulate in the nuclei, 

suggesting that the nuclear exportation of neuropilin1 mRNA was blocked. Conclusion FMRP 

regulates ANFs axonal guidance by binding to the Sema3A receptor mRNAs and modulating their 

subcellular distribution. 

 

Keywords: FMRP (Fragile X mental retardation protein); Axonal guidance; Semaphorin 3A; 

auditory processing 
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Abstract 

Background: Acupuncture is widely used in clinical practice as an important part of 

complementary medicine. In recent years, it has also been applied to the rehabilitation of autism. 

Transcutaneous acupoint electrical stimulation (TEAS) can simulate acupuncture signals, then 

promote the release of certain neurochemical substances in the brain. Autism spectrum disorders 

(ASDs) as an early childhood mental development disorder which should be intervened as soon as 

possible. 

Methods: (1) VPA rat model was used in our experiment. Pregnant rats received a single 

intraperitoneal dose of 450 mg/kg VPA or equal amount of saline on gestational day 12 (E12).  (2) 

Offsprings were randomly divided into two groups, one receiving TEAS intervention from 

postnatal 6th to 13th days and others receiving sham stimulation at the same time.  (3) During the 

postnatal 35th to 42nd days, a series of behavioral tests was conducted, including social, cognitive, 

sensory, etc. (4) After completing the behavioral test, oxytocin and vasopressin levels was tested 

by ELISA and real-time PCR. And Golgi staining was used detect the changes of dendritic spine 

density. 
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Results: (1) TEAS treatment from postnatal day 7 to day 13 would repair the defect of social and 

thermal pain. (2) TEAS treatment from postnatal day 7 to day 13 would increase the vasopressin 

content of SON and increase the mRNA levels of oxytocin and vasopressin in PVN. At the same 

time, it would increase oxytocin level of cerebrospinal fluid and vasopressin level of plasma. 

Besides, the Golgi staining showed that the dendritic spine density decreased in the primary sensory 

cortex 

Conclusion: The mechanism of TEAS treatment in early life period of ASD children may be related 

to the improvement of OXT level and synapse changes. These results provide valueble 

neurobiological evidence and clues for the ASD study and treatment in the future. 

Keywords: TEAS, autism, oxytocin, vasopressin，synapse 
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Abstract: Objective Dedicator of cytokines 4 (DOCK4) is a Rac1 guanine nucleotide exchange 

factors linked to autism spectrum disorder and other neurological disorders. Previously, we reported 

cognitive decline and abnormal social behaviors in Dock4 knockout (KO) mice. Moreover, DOCK4 

deficiency markedly reduced Rac1 activity, downregulated global protein synthesis and diminished 

expression of AMPA and NMDA receptor subunits in hippocampus. However, the mechanism 

mediated by DOCK4 that underlies these pathological changes is still unclear. Methods We 

performed proteomics to analyze differential protein expression (DPE) between the hippocampus 

of Dock4 KO mice and their wild type (WT) littermates and explore the interactome of DOCK4 by 

anti-DOCK4 co-immunoprecipitation. Cell subtype and subcellular expression of DOCK4 was 

identified by immunohistochemistry, immunocytochemistry and Western Blot. Further, 

hippocampal tissues of Dock4 KO and WT mice were examined by ATP analysis and polyribosome 

profiling. Results Ribosome and mitochondrial protein associative GO term is related to both the 

DPE and DOCK4-interacted proteins. DOCK4 was observably expressed in hippocampal neuronal 

dendrites, and its genetic deletion decreased ATP production as well as the translating 

polyribosomes. Conclusion DOCK4 deficiency leads to reduced protein synthesis and 

mitochondrial dysfunction. 

 

Keywords: Dedicator of cytokines 4, protein synthesis, mitochondrial function, proteomics, 
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Abstract: Objective The visual information transmitted from the retina to the brain travels through 

axons of the retinal ganglion cells (RGCs). The existence of small proportions of RGCs axons 

extending from one retina to the other (retino-retinal projection) has been reported in different 

vertebrates, but the molecular mechanisms regulating R-R projection is still unknown. Previous 

studies showed the proportion of R-R projection is increased substantially in Slit2 and Robo2 

knockout mice, indicating an important role for Slit2/Robo2 signaling in the regulation of R-R 

projection. Furthermore, we had found that the R-R projection displayed a 

significant increase when Ptprj was knockout. The purpose of this project is to examine the 

function of PTPRJ mediates Slit2/robo2 signaling during R-R projection in mice. Methods The 

role of PTPRJ in the regulation of Slit2/Robo2 signaling was examined using neuron tracing, 

immunohistochemical, retinal explant cultures and collapse assay in comparison Ptprj-/- , PtprjTM–

/TM–(inactivated phosphatase structure domain of PTPRJ) with WT mice. The phosphorylation of 

Robo downstream signaling molecules (Src or Abl) was measured by in vitro phosphorylation 

assays. The interaction of PTPRJ to Abl and Robo was identified by in vitro dephosphorylation 

assay in combination with co-immunoprecipitation methods. Results (1) Our studies found that the 

R-R projection were significant increase in PtprjTM–/TM– in compare with WT mice, indicated the 

phosphotrysine domain is important in guiding R-R axons. (2) The growth cone collapse assay 
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showed that the collapse ratio was higher after stimulated with Slit2 in Ptprj-/- and PtprjTM–/TM– 

mice retinas than in WT retinas. (3) The phosphorylation levels of Abl1 were significantly higher 

after Slit2 stimulation in the retina cell culture. (4) Growth cone collapse assay showed after 

stimulated with Slit2, the collapse ratio was significantly higher than WT. (5)  In vitro 

dephosphorylation assay in combination with co-immunoprecipitation showed Abl directly interact 

with PTPRJ and Robo2 in PC12 cell. (6) Growth cone collapse assay showed Abl activity is 

involved in the Slit2 induced growth cone collapse of retinal axons.  Conclusion PTPRJ regulates 

Robo2 signaling through negatively regulating Ab1 activity and affects the sensitivity of retina 

growth cone to Slit2, which plays a vital role in R-R projection. This research greatly advanced our 

understanding of the underlying molecular mechanism of R-R projection.  

Keywords: axon guidance; growth cone; receptor protein tyrosine phosphatase; retino-retina 

projection; Slit/Robo signaling 
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摘要：目的 嗅觉障碍是帕金森病（PD）早期非运动性症状之一，其嗅球中有大量 α-突触核

蛋白（α-synuclein, α-syn）的异常聚集。自噬溶酶体通路在降解病理性 α-突触核蛋白中起到

重要作用，调控该通路可能是一种新的治疗 PD 的策略。P2RX4（P2X purinoceptor 4）是调

节自噬溶酶体途径的关键分子，胡椒碱（PIP）是一种具有抗炎、抗氧化作用的中药。本研

究探讨了 PIP 是否对过表达 α-突触核蛋白诱导的 PD 模型有神经保护作用及其可能的机制。

方法 Thy1-α-SYN 转基因小鼠灌胃给予 PIP（25、50 和 100mg/kg）6 周，随后采用食物埋藏

实验，旷场实验，转棒实验和爬杆实验检测各组动物的嗅觉功能和运动行为学改变。使用

MTT 法在过表达 α-突触核蛋白的 SK-N-SH 细胞系中检测细胞活力。使用 Western Blot 和免

疫荧光法检测 PIP 对 α-突触核蛋白的降解作用及其机制。使用串联质谱标记蛋白质组学技术

分析 PIP 作用靶点蛋白。结果 PIP 可缓解 Thy1-α-SYN 转基因小鼠的嗅觉障碍和后期的运动

障碍，PIP 处理可以引起嗅球病理性 α-syn 的降解。PIP 处理增加 SK-N-SH细胞的活力，促进

α-syn 的降解。串联质谱标记蛋白质组学结果显示 P2RX4 是 PIP 作用靶点，其通过激活

P2RX4促进自噬体-溶酶体的融合，激活自噬流，从而诱导 α-突触核蛋白降解。结论 PIP通过

激活 P2RX4 促进自噬流发挥神经保护作用。 

 

关键词：α-突触核蛋白，自噬流，帕金森病，胡椒碱，串联质谱标记蛋白质组学 
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Abstract: Objective In the study of focal cortical dysplasia, ALG13 gene deletion was found in 

some cases.Alg13, an X-linked gene, encodes Alg13 protein, which, together with Alg14, forms 

uridine diphosphate-N-acetylglucosamine transferase and participates in the N-chain glycation of 

proteins.At present, the specific mechanism of N-chain glycosylation leading to abnormal brain 

development is not clear.The aim of this study was to investigate the effect of ALG13 gene deletion 

on brain development. Methods Nisll`s staining was used to determine the sites of brain dysplasia 

in mice. Golgi staining was used to observe the characteristics of neuronal dendrites and dendritic 

spines in KO mice. Developmental behavior was used to compare the differences between KO mice 

and wild mice at different developmental time. Results 1. The results of Nissl staining showed that 

compared with WT group, the scattered Nissl bodies in different brain regions of KO mice were 

condensed and disordered, mainly in the motor cortex and sensory areas (P<0.05).2. Golgi staining 

showed that the total length of dendrites, the number of branches and the complexity of dendrites 

in the fifth layer of vertebral body neurons in the motor and sensory cortex of the KO group were 

lower than those in the WT group (P<0.05).3. In developmental behavior, swimming performance 

and eye opening response in KO group were significantly weaker than those in WT group (P<0.05), 

while there were no significant differences in negative trend response and righting test between KO 

group and WT group(P>0.05). Conclusion AlG13 gene deletion can lead to abnormal brain 

development in mice. 
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Abstract: Arithmetic ability is an important high-level cognitive function that requires interaction 

among multiple brain regions. However, most previous studies on arithmetic development have 

focused on task-induced activation in isolated brain regions or brain connectivity of particular seed 

regions. It remains largely unknown whether and how functional connectivity among large-scale 

brain networks contributes to arithmetic development. Here, we used a longitudinal sample of task-

based fMRI data comprising 63 typically developing children, with two testing points being about 

two years apart. By employing graph theory, we examined the longitudinal development of large-

scale brain networks during a multiplication task separately for younger (mean age 9.88 at time 1) 

and older (mean age 12.34 at time 1) children. The results showed that the default -mode (DMN) 

and frontal-parietal networks (FPN) became increasingly segregated over time. Specifically, intra-

connections of the DMN and FPN increased significantly with age, while inter-connections 

between the DMN and visual network decreased significantly with age. These developmental 

changes were mainly present for the younger children. Moreover, longitudinal changes in network 

segregation of the DMN from time 1 to time 2 were significantly correlated with gains in arithmetic 

performance for the younger children, and individual differences in network segregation of the FPN 

were significantly correlated with arithmetic performance at time 2 for the older children. Together, 

our findings highlight the development of the functional architecture in the DMN and FPN from 

childhood to adolescence, which has implications for the understanding of network mechanisms 

underlying arithmetic development. 

Keywords: longitudinal development, arithmetic ability, graph theory, frontal-parietal network, 

default-mode network 
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Abstract: Objective: We report the case of a 48-years-old woman who had basilar invagination 

misdiagnosed as multiple sclerosis while one of her immediate family members got the same 

disease. Methods: We scanned the head and the neck with the magnetic resonance imaging. And 

we detected the somatosensory evocked potentials and the electromyography. Also done the lumbar 

puncture to test the cerebrospinal fluid including the oligoclonal bands. Meanwhile, we followed 

her sister who also had the basilar invagination, and got the surgical treatment already. Results: 

Magnetic resonance imaging (MRI) scans showed severe myelocompression by the dens of the axis 

from the ventral side and occipitalization of the atlas. The SEPs of bilateral upper limbs were 

abnormal with prolonged latency and reduced amplitude. The EMGs suggested upper motor 

neurons impairment at the lower limbers. However, the results of haematology and autoimmune 

antibody testing have no obvious outliers. There results about the cerebrospinal fluid were negative. 

also no oligoclonal bands was no observed. Her sister’s MRI showed basilar invagination 

associated with tonsillar hernia deformity at the age of 42-years-old. Conclusion: The basilar 

impression is a developmental disorder of the nervous system, and is more prevalent than we known. 

Atypical cases are easily misdiagnosed, therefore imageological examination is used to diagnose 

this disease. Here we report a familial tendency in basilar invagination, indicating that the  genetic 

predisposition is an import clue to unveil the pathogenesis of this diasease.  

Keywords: Basilar invagination, Multiple sclerosis, genetic predisposition 
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Abstract: Objective The effects of general anaesthetics on fetal brain development remain elusive. 

Radial glial progenitors (RGPs) generate most neurons in developing brains. Here, we evaluated 

the acute alterations in RGPs after maternal sevoflurane exposure.  Methods Pregnant mice were 

exposed to 2.5% sevoflurane for 6 hours on gestational day 14.5. Interkinetic nuclear migration 

(INM) of RGPs in the ventricular zone (VZ) of the fetal brain was evaluated by thymidine analogues 

labelling. Cell fate of RGP progeny was determined by immunostaining using various neural 

markers. The Morris water maze (MWM) was used to assess the neurocognitive behaviors of  the 

offspring. RNA sequencing (RNA-Seq) was performed for the potential mechanisms which were 
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validated by quantitative real-time PCR (qPCR), Western blot and rescue experiments. Furthermore, 

INM was examined in human embryonic stem cell (hESC)-derived 3D cerebral organoids. Results 

Maternal sevoflurane exposure induced temporary abnormities in INM, and disturbed the cell cycle 

progression of RGPs in both rodents and cerebral organoids without cell fate alternation. RNA-Seq 

analysis, qPCR and Western blot showed that the Notch signaling pathway was a potential 

downstream target. Reactivation of Notch by Jag1 and NICD overexpression rescued the defects in 

INM. Young adult offspring showed no obvious cognitive impairments in MWM. Conclusion 

Maternal sevoflurane exposure during neurogenic period temporarily induced abnormal INM of 

RGPs by targeting the Notch signaling pathway without inducing long-term effects on RGP 

progeny cell fate or offspring cognitive behaviors. More importantly, the defects of INM in hESC-

derived cerebral organoids provide a novel insight into the effects of general anesthesia on human 

brain development. 

 

Keywords: Sevoflurane; neurogenesis; radial glial progenitor; interkinetic nuclear migration; 
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Abstract: Objective: In order to understanding the role of long noncoding RNAs (lncRNAs) 

played in the mechanisms of glyphosate neurotoxicity in neuronal development.  

Methods: Perinatal glyphosate exposure (PGE) mouse model was constructed, and a lncRNA 

microarray was used to study the lncRNA expression changes in the hippocampus tissue of perinatal 

glyphosate exposure mice. Then we used GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of 

Genes and Genomes) databases to analyse the function of the differentially expressed mRNAs and 

lncRNAs.  

Results: LncRNA microarray analysis revealed that 1759 lncRNAs and 759 mRNAs were 

differentially expressed in the perinatal glyphosate exposure (PGE) mice group (G group) compared 

with the normal control mice group (C group). The functions of the DEmRNAs are involved in the 

cellular response to hormone stimulus. The ceRNA analysis showed that some interaction networks 

existed, including (ENSMUST00000137546, ENSMUST00000160950)/(miR-34a-3p, miR-130a-

3p)/(Il12b, Irf1). Further analysis of the target mRNAs of the miRNAs indicated that the possible 

functions involved the neuroactive ligand-receptor interaction and calcium signaling pathway, 

which are involved in perinatal glyphosate exposure induced neurotoxicity.  

Conclusion: The aberrant expression of lncRNAs are related to the perinatal glyphosate-exposed 

neurotoxicity. These lncRNAs affect the target genes expression level, might by regulating 

neuroactive ligand-receptor interactions. The (ENSMUST00000137546, ENSMUST00000160950) 

/ (miRNA-34a-5p, miR-130a-3p) / mRNAs (e.g., Il12b, Irf1) interaction network may functions in 

perinatal glyphosate exposure induced neurotoxicity. 

Keywords: LncRNA; ceRNA; perinatal glyphosate exposure; hippocampus 
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Abstract: Objective Connectomes provide neural structural information from individual synapses 

to the whole brain. Recently, Witvliet et al. (2020) reconstructed neural connectomes of eight C. 

elegans individuals at multiple developmental stages using serial-section electron microscopy. This 

dataset offers an opportunity to systematically study the structural changes across multiple scales 

during brain maturation. Methods We performed statistical analysis to search for quantitative 

relationships in these connectome datasets. Results So far, we found several constraints on the 

neural development of C. elegans. At the individual neuron level, the total number of synapses that 

one neuron formed with others grow linearly with the animal's age, but nonlinearity exist for the 

extending speed of a neuron's total physical contact area. Furthermore, each neuron has its own 

typical speed to form new contact or synapses with other neurons. Despite the variability in 

developing speed, overall, the speed of growing new synapse is proportional to the speed of 

extending the neuron-neuron contact area. It indicates a general constraint on the ratio of forming 

new synapses and extending the physical contact for all neurons during development. Conclusion 

Comparative connectome analysis could be a powerful tool to reveal fundamental principles 

generating brain structures. We started characterizing the synapse formation process in the C. 

elegans connectome datasets, which could further contribute to understanding brain structures at 

other scales. 
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Abstract: Objective Autism Spectrum Disorders (ASD) is a spectrum of highly heritable 

neurodevelopmental disorders in which known genetic mutations contribute to disease risk in 20% 

of cases. Additionally, numerous studies demonstrated that both copy number variations and single 

nucleotide variations in MEF2C gene (Myocyte-specific enhancer factor 2C) were highly 

associated with the incident of ASD, uncovering that the modulation of neurogenesis, neural 

differentiation and synaptic formation is a key point underlying pathogenesis of ASD. Consistent 

with this, by means of whole-exome sequencing to screen genetic mutations of a child aged two 

and a half years old diagnosed as Rett-syndrome, we identified one novel de novo single nucleotide 

mutation Leu35Pro in MEF2C gene which was widely reported as a ASD associated gene. Methods 

In this essay, we firstly build mouse Mef2c shRNA and human MEF2C wild-type and Leu35Pro 
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ORF (Open Reading Frame) vector to investigate the function of Leu35Pro on neurogenesis in vitro. 

In order to verify the bioinformatic prediction that Leu35Pro may exert negative effect on MEF2C 

homologous dimerization and protein expression, we generated MEF2C-GFP fusion protein 

plasmid and then carried out Fluorescence-Detection Size-Exclusion Chromatography and Western 

blotting to validate. Beyond that, we briefly explored the difference of Mef2c Leu35Pro 

heterozygous mice in contrast with Mef2c WT mice through behavioral test. Results 1) Firstly, we 

found that knock-down of Mef2c decreased neuronal axonal length and total neurite length in vitro. 

Importantly, axonal defects could be rescued by wild-type MEF2C but not ASD-associated de novo 

mutation Leu35Pro. 2) Furthermore, we observed that de novo missense point mutation Leu35Pro 

dramatically disrupt the protein expression level of MEF2C. 3) Importantly, we discovered that 

Mef2c L35P heterozygous mice displayed multiple autistic-like behaviors. Conclusions These 

evidences elucidate the pivotal role of MEF2C single nucleotide mutation Leu35Pro in neural 

development and social behaviors, providing mechanistic insights into ASD.  
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Abstract：Objective The striatum is a central regulator controlling many behaviors essential for 

survival through the actions of D1 and D2 medium-sized spiny neurons, which arise from a common 

progenitor. However, the molecular mechanisms of cell fate specification of these two distinct 

neuron types are largely unknown. Methods & Results Here, we found that Meis2 is highly 

expressed in the LGE and derivatives. Deletion of Meis2 in the LGE led to a significant decrease 

in the number striatal MSNs due to abnormal differentiation. Furthermore, RNA-seq, ATAC-seq 

and CUT&Tag-seq revealed that Meis2 directly binds to the Zfp503 and Six3 promoters to promote 

their expression, leading to the specification striatal D1 and D2 MSNs, respectively. Finally, Meis2 

expression is regulated by Dlx1/2 at least partially through the enhancer hs599 in the LGE SVZ. 

Conclusion Overall, our findings indicate that Meis2 is a key factor promoting the fate 

determination of striatal MSNs via Zfp503 and Six3 and that its expression is dependent on Dlx1/2 

through distinct enhancers. 
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Abstract: Neurodevelopmental disorders (NDDs) show a wide range of overlapping clinical 

features. Autism spectrum disorder (ASD) is a complex NDD that sometimes associated with 

microcephaly and intellectual disability. Genetic analysis indicates the frequent heterozygous 

mutations of microcephaly-associated genes are likely to be associated with ASD while lack of 

biological evidence. Our studies indicate WD repeat domain 62 conventional knock out (Wdr62 

KO) lead to reduced brain size with impaired learning and memory but also autism-related 

behaviors in mice. Interestingly, aberrant social interaction and repetitive behaviors was also found 

in Wdr62 cKO (Wdr62 flox/flox; Nex-cre) mice in post-mitotic neuron with normal brain size and 

cognitive state. WDR62 deficiency resulted in migration defects and markedly decreased synapse 

densities. Additionally, de novo mutations of WDR62 found in ASD patient impede radial 

migration in neocortical development. Our results indicate the radial migration defects mediated 

by WDR62 disruption contribute to ASD like behavior in mice. These findings not only provide 

new sight into the role of WDR62 in brain development but also deepens the understanding of 

mechanism behind the relationship between microcephaly genes and ASD etiology which will 

further assists in clinical diagnose and intervention. 

Key words: autism spectrum disorder, microcephaly, WDR62, neuron migration, behaviors 
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Abstract: Objective The dynactin complex is a crucial part of the cytoplasmic dynein served as a 

cargo adaptor that is essential for organelle transport as well as other cellular functions. Dynactin 

subunit 4 (DCTN4) is one of the subunits of the pointed-end complex of dynactin which facilitates 

dynein to bind cargoes. However, the role of DCTN4 during neuronal development remains 

unknown. The aim of our study is to explore the functions and regulatory mechanisms of DCTN4 

during neuronal development. Methods The effects of DCTN4 on the proliferation, migration and 

projection of neurons were detected by in utero electroporation of mice brain. The neuronal polarity 

and axon growth were detected after knockdown of DCTN4 in cultured cortical neurons. The 

interaction between DCTN4 and cargoes or other subunits of pointed-end complex was performed 

by immunoprecipitation assay. Results (1) DCTN4 knockdown resulted in neuronal migration 

delay and aberrant apoptosis of neurons. (2) DCTN4 knockdown impaired the establishment of 

neuronal polarization and axon growth as well as the retrograde mitochondrial transport in cultured 

cortical neurons. (3) A novel truncated mutation of DCTN4 was identified by whole-genome 

sequencing of children with severe intellectual disability. (4) Immunoprecipitation assay showed 

that the truncated DCTN4 caused by mutation was weakly bound to dynactin or cargoes and more 

easily degraded. Conclusion DCTN4 is required for neuronal migration, axon growth and axonal 

transport. 
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Abstract: The correct regulation of the cytoskeleton is a prerequisite for the normal migration of 

neurons during the development of the mammalian cerebral cortex. Tyrosine phosphorylated 

phosphoinositide 3-kinase adaptor 1 (Nyap1) is a member of the Nyap phosphoprotein family and 

has been shown to be involved in the rearrangement of the actin cytoskeleton regulated by WAVE1 

in neuronal morphological studies. However, the exact role of Nyap1 in neuronal migration is still 

unknown. Here, we used in utero electroporation to overexpress and knock down Nyap1 in the 

migrating neurons in the cerebral cortex of embryonic E15.5 mice. After the mice were born, we 

found that overexpression of Nyap1 caused a large number of migrating neurons to bifurcate and 

neurite elongation, promoting neurons to reach the cerebral cortex prematurely; knocking down 

Nyap1 causes a large number of migrating neurons to gather in the intermediate zone of the cerebral 

cortex, and very few enter the cerebral cortex. The leading processes of the neurons that touched 

the marginal zone of the cerebral cortex showed very few branches compared with that of neurons 

in the control group, indicating that Nyap1 affects the morphology of migrating neurons. Neurons 

that were transfected with mutations of Nyap1 at 212 and 257 tyrosine residues, showed very low 

migratory speed. Neurons accumulating in the border between the intermediate zone and the 
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cortical plate extended multiple leading processes, indicating that the tyrosine phosphorylation of 

Nyap1 is important for the neurons to transit from multipolar to bipolar. Studies have shown that 

Fyn, one of the non-receptor Src family kinases (SFK) members, is the main kinase that causes 

Nyap1 tyrosine phosphorylation. The level of Nyap1 tyrosine phosphorylation in Fyn knockout 

mice is significantly lower than that in wild-type mice. Fyn knockout mice show a similar 

phenotype to Reelin deficient mice, with neurons that destinate to the II-III layers of the cerebral 

cortex cannot migrate to their final positions, rather pipe up in the deep layers of the cerebral cortex. 

Neurons that have reached their final positions in the II-III layers of the cerebral cortex do not have 

bifurcated dendrites in the marginal zone. These observations indicate that Fyn is a downstream 

molecule of Reelin signaling. Because there is still a small amount of Nyap1 tyrosine 

phosphorylated expression in Fyn knockout neurons, we demonstrate that Nyap1 is partially 

phosphorylated by other members of the Src family. Indeed, when we knocked down Fyn and 

overexpressed Nyap1 in the migrating neurons at the same time, Nyap1 overexpression partially 

rescued migration defect of Fyn deficient neurons. Therefore, we conclude that Nyap1 regulates 

neuronal migration by affecting neuronal morphology through phosphorylation by SFK. 

Keywords: Nyap1, neuronal migration, cerebral cortex, morphology, tyrosine phosphorylation,  
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Abstract： Objective The mammalian neocortex is a highly organized six-layered structure that 

contains diverse cortical projection neurons including CThPNs, SCPNs, deep CPNs, and superficial 

CPNs, however the mechanisms underlying the specification of these neurons during cortical 

development remain unclear. Methods We used a combination of conditional genetic disruption, 

immunostaining, cell-tracing, in situ RNA hybridization, CHIP methods, and luciferase assay, 

discovered the transcription factor FOXG1 functions as master regulator during the 

spatiotemporally complex process of cortical neuron specification. Results (1) Prior to E14.5, 

FOXG1 enforces deep CPN identity in postmitotic neurons by activating Satb2 but repressing both 

Ctip2 and Tbr1. (2) After E14.5, FOXG1 exerts multiple specification functions in distinct layers 

via differential repression/activation of Ctip2 and Tbr1, including specification of superficial vs. 

deep CPNs, and enforcement of CThPN identity. (3) FOXG1 specifies CThPN vs. SCPN fate 

through fine tuning of Fezf2 levels, based on both regulatory and direct physical interactions with 

multiple SOX family proteins (SOX5, SOX4/11). (4) Mice lacking functional FOXG1 did not 

develop a callosal callosum, which help to explain well-known clinical manifestations from FOXG1 

Syndrome and related dyskinesia and cognitive deficits. Conclusion FOXG1 functions as a major 

spatiotemporal regulator of postmitotic projection neuron subtype specification. Beyond providing 

a developmental study to explain the specification of four kinds of cortical projection neuron 

subtypes, oour study provides insights about how aberrant cortical neuron development contributes 

to diverse neurological disorders. 

Keywords: cortex development, neuron subtype specification, FOXG1, FEZF2, SOX, SATB2, 

CTIP2, TBR1, transcriptional regulation, neuropathogenesis 
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Abstract: Nitric oxide plays a vital role in neurological development. As an easily accessible and 

non-invasive fluid, saliva hasn’t been evaluated for nitrite among autism spectrum disorder (ASD). 

In this study, salivary nitrite was quantitated for 134 ASD children and 135 normally developing 

children (the control group) with optimized sampling and pretreatment methods. In the ASD group, 

nitrite was significantly higher than that in the control, with concentrations of 5.760 ± 5.296 μM 

(0.55 - 28.83 μM) and 2.827 ± 2.409 μM (0.23 - 13.06 μM) (p < 0.0001), respectively. Positive 

correlation was observed among saliva nitrite, serum nitrite and serum nitrate in ASD children, 

which didn’t exist in the control. Further exploration among grown-ups indicated that salivary 

nitrite in parents of ASD children was significantly higher than that in adults who didn’t have ASD 

children. Moreover, nitrite in these two grown-up groups was lower than in these two child groups. 

However, correlation of nitrite between ASD children and their parents was not found. Gender 

seemed playing no difference in each group. Taken together, along with elevated serum NOx, up-
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regulated salivary nitrite showed strong correlation with ASD, which might serve as another 

potential biomarker for ASD diagnosis. 

Keywords: autism spectrum disorder; nitric oxide; nitrite; serum; saliva; biomarker    
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Loss of Ulk4 in the Cortex and Hippocampus Leads to 

Schizophrenia-like Behaviors in Mice 

 

Abstract: Schizophrenia (SCZ) is a devastating mental disease which affects around 1% population. 

Genetic analysis uncovered the association of Ulk4 with schizophrenia (SZ) and Ulk4 is implicated 

in brain development and ciliogenesis. However, behavior analysis in animal model exploring the 

association of Ulk4 deficiency with psychiatric disorders, SZ in particular, is still missing. In this 

study, we generated Ulk4Emx1 CKO mice, in which Ulk4 was deleted in the cerebral cortex and 

hippocampus. Ulk4 CKO mice showed deficits in the spatial and working memory as well as 

impaired sensorimotor gating. In addition, levels of p-Akt and p-GSK-3α/β were markedly reduced 

in Ulk4 CKO mice and GSK3 inhibitor, SB216763, restored the sensorimotor gating ability in Ulk4 

CKO mice. Furthermore, by immunoprecipitation and proteome analysis, we found that Ulk4 might 

work though forming a complex with two phosphatases, PP2A and PP1α. Indeed, administration of  

inhibitor acting on PP2A and PP1α results in elevations of p-Akt and p-GSK-3α/β expression in 

Ulk4 CKO mice. Thus, our data support the hypothesis that Ulk4 plays important roles in the  

cognitive functions and sensorimotor gating, and its dysfunction might contribute to the emergence 

of SCZ. 
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Abstract: Objective Intellectual disability is a generalized neurodevelopmental disorder 

characterized by significantly impaired intellectual and adaptive functioning. Whole genome-

sequencing has revealed that the mutations located in HNRNPH2 gene may be related to the 

development of ID. However, the role of HNRNPH2 in neurodevelopment needs to be elucidated. 

The aim of our study is to explore the role of HNRNPH2 during neurodevelopment, and the 

pathogenicity and mechanism of HNRNPH2 mutation in children with severe intellectual disability. 

Methods The expression of HNRNPH2 was studied by immunostaining, quantitative real-time 

PCR and immunoblotting. The effects of HNRNPH2 on the proliferation, migration, polarization 

and projection of neurons were observed by in utero embryo electroporation. The neuronal polarity, 

axon growth and dendritic branch were observed by knocking down HNRNPH2 in cultured 

hippocampal neurons. Results (1) HNRNPH2 was highly expressed in early embryo brain tissue, 

especially in neurons. (2) Knockdown of HNRNPH2 in vivo resulted in defects of neuronal 



The 14th Annual Meeting of Chinese Neuroscience Society 

migration, polarization, progenitor cell differentiation and axon projection. (3) Knockdown of 

HNRNPH2 in the cultured hippocampal neurons led to an increase of axon length. (4) The 

HNRNPH2 mutations identified from children with severe intellectual disability were not able to 

fully rescue the defect of increased axon length caused by HNRNPH2 knockdown. (5) The 

HNRNPH2 mutation affected the intracellular localization of this protein. Conclusion HNRNPH2 

affects neurodevelopment by regulating neuronal migration, polarization, progenitor cell 

differentiation and axon projection during early brain development. 

Keywords: HNRNPH2; neurodevelopment; intellectual disability 
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Abstract: Objective The retrosplenial cortex (Rsp) and the hippocampus formation are considered 

as crucial brain regions involved in learning and memory, spatial navigation and emotion regulation. 

The development of the Rsp and the hippocampus formation depend on the proper assembly of 

correctly specified and differentiated postmitotic neuron subtypes. Little is known about the 

mechanism underlying the Rsp and the hippocampus formation specification. Methods We used a 

combination of conditional genetic disruption, immunofluorescence, in situ RNA hybridization, 
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CHIP methods, and in utero electroporation, discovered the transcription factor FOXG1 functions 

as a key player in the specification of the Rsp and the hippocampus formation. Results (1) In Foxg1 

CKO mice, the boundary among the Rsp、subiculum (SubC) and CA1 disappeared as early as 

E16.5. (2) The deletion of Foxg1 led to the transformation of the Rsp and the SubC into a 

hippocampus-like structure, as evidenced by gene expression phenotypes. In the expanding 

hippocampus-like structure, CA1-specific genes expression are lost, whereas genes representing 

CA3 and dentate gyrus (DG) identities expended their expression into the Rsp、SubC and CA1 

territory in Foxg1 CKO mice. (3) FOXG1 may repress the transcription of ZBTB20 and activates 

both SATB2 and NR4A2 to specify the Rsp and SubC. Moreover, FOXG1 may directly repress 

TBR1 to CA1. Conclusion FOXG1 explicitly required for the regionalization of the Rsp and the 

hippocampus formation.  

Keywords： retrosplenial Cortex, subiculum, CA1, specification, FOXG1, ZBTB20, SATB2, 

NR4A2, TBR1, regionalization 
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SUMMARY: Calcium-dependent proteolytic calpains are implicated in a variety of physiological 

processes, as well as pathologies associated with calcium overload. However, the mechanism by 

which calpain is activated remains elusive since intracellular calcium levels under physiological 

conditions do not reach the high concentration range required to trigger calpain activation. From a 

candidate screen using the abundance of the calpain target glutamate receptor GluRIIA at the 

Drosophila neuromuscular junction as a readout, we uncovered that calpain activity was inhibited 

upon knockdown of Ttm50, a subunit of the Tim23 complex involved in the import of proteins 

across the mitochondrial inner membrane. Unexpectedly, Ttm50 and calpain are co-located at 

calcium stores Golgi and endoplasmic reticulum (ER), and Ttm50 interacts with calpain via its C -

terminus. This interaction is required for calpain localization at Golgi/ER, and increases calcium 

sensitivity of calpain by roughly an order of magnitude. Our findings reveal the regulation of 

calpain activation by Ttm50, and shed new light on calpain-associated neuronal remodeling and 

neurodegeneration.  

Keywords: Ttm50, Tim23 complex, Calpain, Calcium stores, Golgi, Endoplasmic reticulum 
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Abstract: Objective Disco-interacting protein homolog 2 family (DIP2) was identified in 

Drosophila, which interacts with transcription factor disco and expressed in the nervous system of 

mammals. Three main types are currently identified as DIP2A, DIP2B, and DIP2C, which encoded 

by distinguished gene. Although each of these shares highly conserved functional domains 

containing: DNA methyltransferase-associated protein 1 (DMAP1) binding domain and Acyl-CoA 

synthetase (AMP-forming; Caic) domain, as well as AMP-binding sites, the different roles of disco-

interacting protein homolog 2 family have been discovered during nervous system development. 

Recent studies reveal that DIP2A is associated with Autism spectrum disorder (ASD) and 

developmental delay, DIP2B can affect the growth of axons by regulating the acetylation of α -

tubulin. In addition, the submicroscopic deletion of 10p15.3 which DIP2C genes located is mainly 

related to cognitive deficits, speech disorders, motor delay in human. However, most investigation 

of DIP2C are mainly focus on clinical phenotype, less known about biological functional 

characterization and mechanisms of it. Here, we explore which role of DIP2C represents in 

neurodevelopment and functional prediction by contrast with another two homologous family 

proteins. Methods Explore the DIP2C genetic affinity through phylogenetic tree and sequence 

alignment of bioinformatics. The brain of Dip2c deficited mice were characterized by nissl staining, 

and 3D reconstruction with imaris software subsequently. Results (1) DIP2C is highly homology 

with DIP2A than DIP2B. (2) It presents obvious reduction of brain volume in  Dip2c deficited 

mouse. Conclusion Dip2c gene involved in neurodevelopment in mouse. 

 

Keywords: Disco-interacting protein homolog 2 family; DIP2C; neurodevelopment; 

submicroscopic deletion of 10p15.3 
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Abstract: Objective Disconnected (disco)-interacting protein 2 homolog A (DIP2A) is a member 

of the DIP2 family, which is evolutionarily conserved in organisms from  C. elegans to humans. 

Recently, studies on autism spectrum disorder (ASD) patient using copy-number variants (CNV) 

analysis have showed that DIP2A increased the risk of substantial susceptibility to ASD. In our 

previous study, we found that DIP2A is highly expressed in brain and the level of DIP2A in cerebral 

cortex constantly increased during postnatal development. However, the role of DIP2A in different 

brain regions remains largely unknown in adult mice. Methods To investigate the role of DIP2A 

in murine brain, three mice models were generated, including β-galactosidase (lacZ) reporter gene 

knock-in mice, Dip2a knockout mice and Dip2aflox/flox mice. Results (1) DIP2A was highly 

expressed in cortex, hippocampus and amygdala at adult. (2) Knockout Dip2a led to autistic-like 

phenotype. (3) The conditional Dip2a knockout mice in amygdala showed depression-like 

behaviors. Conclusion In adult mice, conditional knockout Dip2a in the amygdala may play an 

important role in regulating mood. 

Keywords: Disconnected (disco)-interacting protein 2 homolog A (DIP2A); Amygdala; Depression 
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Abstract: Objective The claustrum is an enigmatic brain area that is widely interconnected with 

the cerebral cortex. In primates, the anatomical location of the claustrum is easily identified because 

it is enclosed by the extreme capsule and the external capsule. However, the rodent claustrum lacks 

such a clear delineation. Classical anatomical studies and atlases describe the claus trum in rodents 

as a nucleus embedded within the deep layers of the insular cortex. Recent transcriptomic profiling 

studies have identified a series of claustrum-specific genes, including previously identified markers 

such as Nurr1. Based on mapping these gene expression patterns, claustrum-like neurons are not 

confined to the insular region but instead dispersed throughout the cortex. To explain this 

observation in the adult, it has been hypothesized that claustrum neurons are born within a brief 

time window in a small region of the lateral cortex during early embryonic development. A part of 

these neurons would remain in place and form the main nucleus of the claustrum, while others 

migrate tangentially into ventral and dorsal cortical regions. Methods To test this hypothesis, we 

comprehensively study the expression of Nurr1 in combination with click-chemistry based 

birthdating at various stages of development in rats. Results (1) We find that as early as embryonic 

day 13.5 (E13.5) Nurr1 is expressed in a condensed area of lateral cortex. Over the course of the 

next days of prenatal life, Nurr1 expression expands into broader regions of the cortex. At E17.5 

we identify seven distinct Nurr1 positive regions within the cortex including ventral claustrum, 

dorsal claustrum, dorsal endopiriform nucleus, and claustrum-like neurons in different layers of 

temporal cortex. (2) Interestingly, in the newborn rat, there is a high density of Nurr1 positive 

neurons in the upper layers of temporal cortex. However, this expression is drastically reduced 

within the first two weeks of postnatal development, while elsewhere Nurr1 expression remains 

largely unchanged. (3) With   injections of 5-ethynyl-2’-deoxyuridine (EdU) between E12.5 and 

E17.5 in combination with in situ hybridization and antibody staining, we find that most ventral 

claustrum neurons are born on day E14.5, dorsal claustrum neurons on day E15.5, and cortical 

claustrum-like neurons on day E16.5. Summary Thus, our findings suggest that claustrum and 
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claustrum-like neurons are born sequentially over several days of embryonic development and 

contribute towards charting the complex developmental pattern of the claustrum in rodents.  

Keywords: claustrum, birthdating, rat, nurr1, cortical development.  
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Abstract: Terahertz (THz) frequency occupies a large portion of the electromagnetic spectrum that 

is between the infrared and microwave region. Recent advances in THz application have stimulated 

interests regarding the biological effects associated with this frequency range. In current study, we 

report that irradiation with a single-frequency THz laser on primary mice cortical neuron cultures 

and oligodendrocyte cultures results in irradiation specific changes in cellular function and gene 

expression. The effects are dose dependent. In neuron cultures, THz irradiation increases excitatory 

synaptic transmission and neuronal firing activities. Microarray assay reveals neuronal gene 

expression dynamics after THz exposure, which are highly consistent with morphology and 
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electrophysiology results. Besides, certain schedule of THz irradiation inhibits the proliferation of 

oligodendrocyte precursor cells (OPCs) and promotes OPC differentiation. Notably, the 

myelination process in neuron-oligodendrocyte cocultures is enhanced after THz exposure. In 

summary, our observations suggest that THz irradiation in certain frequency can modulate the 

functions of neuron and oligodendrocyte, with different sensitivity to THz between neuronal cell 

types. These results may provide important understanding of the mechanisms that govern THz 

interactions with nervous systems and suggest THz wave as a novel strategy for neuromodulation.  

Key word: Terahertz radiation, neuron, synaptic transmission, oligodendrocyte, myelination 
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Abstract: Neural stem cells (NSCs) can differentiate to produce the main cell types of the central 

nervous system, which are very important to maintain the dynamic balance of the functional nerve 

cells. At present, the source of neural stem cells is relatively single, which severely restricts their 

application. Using the Tropepo serum-free culture system and Nestin staining, we found that the 

cingulate cortex (CgCtx) and motor cortex (MCtx) of SD suckling mice have neural stem cell 

characteristics. This indicates that the cerebral cortex also has the characteristics of neural stem 
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cells, which expands the range of tissue selection for cultured NSCs in vitro. It provides a new 

choice for neural stem cells as a treatment strategy for neurodegenerative diseases.  

Key words: Neural stem cells; Cingulate cortex; Motor cortex; In vitro culture. 
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Abstract: The proliferation, differentiation and maturation of cortical pyramidal neurons are 

extensively implicated in interactive programs of transcriptional factors. Here, we report the 

cooperative functions of transcription factor Bcl11 (Bcl11a and Bcl11b) underlying the 

development of cortical pyramidal neurons. Using conditional knockout mice, we verified that 

Bcl11a, initially detected at cortical ventricular zone, represses the proliferation of progenitor cells 

and promotes differentiation of the precursors, which are aggravated when simultaneously 

conditional knock out Bcl11b, merely expressed in postmitotic neurons. While the production was 

undisturbed in absence of Bcl11a and Bcl11b, the prematurely cortical projection neurons are 

almost immature with defects in various axon extending to the presumed targets, as well as loss or 

reduction of subtype-specific marker expressions in deep layer or upper layer, respectively. 

Additionally, Bcl11a protein direct interacting with the COUP-TFI genomic region may partly 

down-regulate the expression of the latter in the neurogenesis and the deficiency of Bcl11a would 

accelerate the prematurity of radial glial cells, initiating the early gliogenesis precociously. These 

data demonstrate Bcl11a and Bcl11b play jointly critical roles in the development of cortical 

pyramidal neurons in different processes, controlling the intrinsic mature timing of cell identity 

change during corticogenesis. 

Key words: Bcl11a; Bcl11b; cortical pyramidal neurons; neurogenesis; COUP-TFI 
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Abstract: Objective Human genetic studies have shown that Disconnected (disco)-interacting 

protein 2A (DIP2A) gene is closely related to dyslexia, and neurodevelopmental diseases. We 

recently find that Dip2a knockout mice showed typical Autism-like behaviors, including repetitive 

behavior and social interaction deficit. Deletion of Dip2a lead to abnormal neuronal morphology 

and increased immature dendritic spines. In addition, DIP2A positively regulate the level of Acetyl-

CoA in mice brain. Acetyl-CoA is an important intermediate metabolite in the energy metabolism 

of sugar, fat and protein. In order to explore the impact of DIP2A on metabolism, we employed 

non-targeted metabolomics methods to study the metabolites in murine serum. Methods Serum of 

30-day Dip2a+/+, Dip2a+/- and Dip2a-/- mice was collected for non-targeted metabolomics analysis. 

Endogenous metabolites were identified by Liquid Chromatography Mass Spectrometry (LC-

MS/MS), and data processing included peak matching, retention time correction, and variable 

integration and data standardization. Subsequently, multivariate statistical analysis was performed 

on the obtained data, such as principal component analysis, orthogonal partial least square 

discriminant analysis, multivariate receiver operating characteristic curve (ROC) analysis, and 

cluster correlation analysis. Results Pairwise comparison of murine serum metabolites showed that 

compounds of lipids significantly changed. Fatty acids and phosphatidylglycerols were 

significantly reduced, whereas sphingolipids as well as carbohydrates and amino acids were 

increased. Among them, 40 lipid compounds were found to be different between the Dip2a-/- and 

the Dip2a+/+ groups, including 15 fatty acyls, 13 glycerophospholipids, 11 sphingolipids, and 1 

sterol. The levels of most fatty acyl groups, glycerophospholipids, sphingomyelin and all sterols 

were reduced in the Dip2a-/- group. Whereas the metabolic compounds of amino acids and 

nucleotides were decreased in the Dip2a-/- group. Conclusion These results suggested that Dip2a 

knockout mice have defects in the lipid metabolism.    

 

Keywords: Disconnected (disco)-interacting protein 2A (DIP2A); metabolic disorders; Autism; 
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Abstract: Objective The hemizygous 22q11.2 microdeletion contributes significantly to neuro- 

developmental disorder, including schizophrenia and autism spectrum disorder. The 22q11.2 

microdeletion (Df(h22q11)/+) mouse model, in which the human 22q11.2 orthologous region is 

deleted, shows reduced prepulse inhibition (PPI) and impaired cognitive behaviors. Although 

sensorimotor abnormalities are widespread in psychotic patients, little is known about the 

underlying cellular and circuit mechanisms. Methods In this study, we measured sensorimotor 

behavior of juvenile Df(h22q11)/+ mice, including tactile and pain sensitivity, proprioception and 

motor coordination, in addition to standard behavioral assays. Results We found that Df(h22q11)/+ 

mice exhibited normal mechanical sensitivity, increased thermal pain threshold and normal motor 

coordination. In the open field test, Df(h22q11)/+ mouse showed increased anxiety and decreased 

activity. In three-chamber social interaction test, Df(h22q11)/+ mice showed normal social 

preference but impaired social novelty preference. We also analyzed dendritic spine density in the 

primary somatosensory cortex (S1) and primary motor cortex (M1) during early development using 

Golgi staining. There were no significant changes in spine density in S1 and M1 of Df(h22q11)/+ 

mice at postnatal days 14 and 30. Conclusion Df(h22q11)/+ mice perform similar to control 

littermates in most sensorimotor tests. Whether their performance may be altered under conditions 

of stress remains to be tested.  
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Abstract: Objective The proper number of interneurons is essential for the excitation and 

inhibition (E/I) balance, which is critical for neuronal circuit functions. Pyramidal neurons and 

inhibitory neurons are derived from spatially different neural stem cells. We previously showed 

that the neocortical neurogenesis requires the precise positioning of intermediate progenitors. This 

process is safeguarded by epigenetic factors which are widely expressed in progenitors and neurons. 

However, whether the neurogenesis of cortical interneuron regulated by these epigenetic factors 

remain unclearly. Methods The target genes were conditionally depleted in cortical interneurons 

through Cre-LoxP system. Immunofluorescent staining and the next-generation sequencing were 

performed to analyze the phenotype and the mechanism. Results (1) The number and migration of 

cortical interneurons was affected in the mutant mice. (2) The mutant mice were show abnormal 

behavior and body weight. Conclusion Epigenetic regulation plays pivotal roles in controlling 

interneuron development. 
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Shh signaling regulates the development of cortical astrocytes 

through MAPK pathway 

 

Abstract: Astrocytes are one of the main glial cell groups in the central nervous system, which are 

involved in many biological processes, such as synaptic remodeling, damage repair and so on. The 

research of astrocytes mainly focuses on the function, but little on its development, which is an 

important scientific problem in the field of developmental neurobiology. Our preliminary results 

suggest that: 1. Shh signal regulates the development of cortical astrocytes; 2. Shh induces the 

expression of fgf15 and activates Fgf and its downstream MAPK pathway; 3. Overexpression of 

Mek (key gene of MAPK pathway) can rescue the phenotype of astrocyte developmental disorder 

after Smo gene knockout. It is suggested that Fgf signal activates MAPK pathway to mediate 

neuronal to glial transition, and the absence of Fgf signal leads to abnormal astrocyte development. 

Therefore, we hypothesized that Shh signal regulates the development of cortical astrocytes through 

Shh-Fgf-MAPK signal axis. This project intends to study the following three scientific issues: 1. 

The role of Shh signal in the dynamic development of cortical astrocytes; 2. The molecular 

mechanism of Shh signal activating Fgf signal pathway; 3. The role of Fgf signal in the 

development of cortical astrocytes. 

Key words: Astrocyte, Shh signal, Fgf signal, MAPK pathway 
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Abstract: Objective Mammalian postnatal visual cortical development is a critical period, and it 

is necessary for neurons to transition from immaturity to a more mature state of functioning. Our 

previous research has found that the critical period existed synaptic imbalance with a down-

regulated expression of brain-derived neurotrophic factor (BDNF) at postnatal days 28 to 33/34. 

Pituitary adenylate cyclase-activating polypeptide (PACAP) is known to stimulate BDNF 

expression by potentiating glutamatergic action. However, it is unclear whether BDNF functions 

alone or could there be an upstream signaling protein, such as PACAP. The current study was to 

test our hypothesis that PACAP and its selective PAC1 receptor expression are reduced during the 

critical period in normal rats. Methods The Sprague-Dawley (SD) rats of both sexes from postnatal 

days 23 to 38 (P23-38) were used in this study. Immunohistochemistry and optical densitometry 

were used to analyzed PACAP (specifically PACAP38) and PAC1 receptor in visual cortex layer 

V pyramidal neurons. Results Optical densitometric analysis of single neurons in layer V revealed 

that the developmental trends of PACAP and the PAC1 receptor did not follow continuous, linear 

paths. Instead, against a general increase with age, the expression of PACAP and the PAC1 receptor 

were significantly reduced between P32 and P35, before returning to P31 levels at P36. This 

developmental trend was similar to the expression of BDNF. Conclusion These results imply that 

PACAP and PAC1 receptor down-regulation during normal postnatal development may contribute 

to the critical period of the visual cortex in the rat. 



September 16-19, 2021 Chongqing 

 

Keywords: Visual cortex; critical period; PACAP; PAC1 receptor 

 

Back to top ↑ 

 

 

P-044 

Single-cell transcriptome profile of the medial preoptic area 

during development 

 

Zi-Xian Yu1, 2, 3, Xiao-Hong Xu1, 3, 4 * 

1 Institute of Neuroscience, State Key Laboratory of Neuroscience, CAS Center for Excellence in 

Brain Science and Intelligence Technology, Chinese Academy of Sciences, Shanghai 200031, China 

2 University of Chinese Academy of Sciences, Beijing 100049, China 

3 Shanghai Center for Brain Science and Brain-Inspired Intelligence Technology, Shanghai 200031, 

China  

*, Corresponding author: Xiao-Hong Xu.  

E-mail: xiaohong.xu@ion.ac.cn 

 

Abstract: Objective The medial preoptic area (mPOA) of hypothalamus is known to be sexually 

dimorphic and regulates sex-specific social behaviors in adult. Yet, the developmental processes 

that regulate sexual differentiation of the mPOA remains unclear. We hypothesize that sexually 

dimorphic functions of the mPOA may emerge from critical transcriptional changes that occur 

during specific developmental windows. Methods We fluorescently labelled the mPOA using a 

genetic intersectional strategy, specifically by crossing three different transgenic alleles. Such 

fluorescent labelling facilitates micro-dissection of the mPOA during different developmental 

stages. Subsequently, single-cell RNA sequencing was performed for the mPOA dissected from 

postnatal day 1(P1), postnatal day 21 (P21) male and female mice respectively. In the future, similar 
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experiments will be carried out in adult animals. Results (1) We have transcriptionally profiled 

~5140 cells from the mPOA of P1 mice and ~12404 cells from P21 mice to date.  (2)We found that 

the expression of some genes showed significantly difference between the two sexes in a 

developmental stage dependent manner. (3) The relative proportion that each cell type cluster 

makes up was also sexually dimorphic and changed along with the development.  Conclusion Our 

study reveals for the first time the developmentally modulated sex differences in cell type 

composition in the mouse mPOA, which could lead to further insight into the molecular 

mechanisms that underlie sex specific mPOA functions in adulthood. 

Keywords: the medial preoptic area; single-cell sequencing; sexual dimorphism; 

neurodevelopment 
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Abstract: Objective Alpha-synuclein (αSyn) and tau are highly expressed microtubule associated 

proteins (MAPs) in central nervous system, and their abnormal intracellular aggregates in the 

human brains define multiple forms of neurodegenerative diseases including Alzheimer’s disease 

(AD) and Parkinson’s disease (PD). This indicates that αSyn and tau play important roles in both 

cognition and movement. In addition, coexistence of alpha-synuclein and tau aggregates in 

tauopathies and synucleinopathies indicates a strong cross-talk between two proteins. Despite their 

disease relevance, the normal physiological functions and roles of these two proteins have remained 

elusive. This is attributable to each single knockout (KO) mouse has not presented overt phenotype 

or malformations. To address this issue, we generated alpha-synuclein and tau double knockout 

(DKO) mouse and attempted to characterize their functional cross-talk in CNS. Methods To 

elucidate cooperative physiological functions of αSyn and tau in corticogenesis, we investigated 

DKO and each single knockout mice through in-utero electroporation and in-vivo studies. Results 

(1) Abrogation of alpha-synuclein and tau did not affect DKO mice survival and fertility. (2) DKO 

embryos exhibit decreased number of progenitors and increased neurogenesis. (3) Knockout of 

αSyn and tau resulted in microcephaly. Conclusion Alpha-synuclein and tau have critical roles in 

brain development. 

Keywords: Neurogenesis; Corticogenesis; alpha-synuclein; tau  
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UCP2 regulates the transition of neurogenic-to-gliogenic through 

the vascular system during brain development 

 

Abstract: During mammalian cortical development, neural stem/progenitor cells (NSCs) 

gradually alter their characteristics, and the timing of the generation of neurons and glial cells 

strictly regulated by internal and external factors. However, blood vessels located near 

neural/progenitor stem cells whether regulate the transition of neurogenic-to-gliogenic, it remains 

to be studied. Here, we demonstrate that endothelial UCP2 deletion reduces the diameter of the 

blood vessel, and affects the transition timing of neurogenesis and gliogenesis. And deletion of 
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UCP2 in endotheliocyte results in persistent increased astrocyte production at the postnatal stage. 

Mechanistically, the endothelial UCP2/ROS/ERK1/2 pathway increases Chymase1 (CMA1) 

expression to enhance angiotensin II (Ang II) secreted outside the brain endothelium. And 

endotheliocyte-driven AngII-gp130-JAK-STAT Pathway regulates initiation of gliogenesis. 

Together, these findings delineate that endothelial cells regulate the neurogenic-togliogenic switch 

by secreting vasoactive peptides in the developing neocortex. 
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Abstract: Embryonic neurogenesis is tightly regulated by multiple factors to ensure the precise 

development of the cortex. Deficiency in neurogenesis may result in behavioral abnormalities.  

Although increasing evidence suggests that immunity factors have physiological roles in the 

developing functional architecture of the brain and emerging executive function, the role of 
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programmed cell death protein 1 (Pd1) in neurogenesis remain to be explored. Here, we find Pd1 

is expressed in the nervous system. Brain specific deletion of Pd1 results in abnormal cortical 

neurogenesis, including enhanced proliferation of neural progenitors and reduced neuronal 

differentiation. In addition, neurons in Pd1 knockout mice exhibit abnormal morphology, both of 

the total length and the number of primary dendrites was reduced. Moreover, Pd1 cKO mice exhibit 

depressive-like behaviors, including immobility, despair and anhedonia. Mechanistically, Pd1 

regulates embryonic neurogenesis by targeting Gbx2. Furthermore, the constitutive expression of 

Gbx2 partly rescues the deficiency of neurogenesis in Pd1 deleted embryonic brain. Simultaneously, 

Pd1 plays a similar role in human neural progenitor cells (hNPCs) proliferation and differentiation. 

Taken together, our findings reveal the critical role and regulatory mechanism of Pd1 in embryonic 

neurogenesis and behavioral modulation, which could contribute to the understanding of immune 

molecular in brain development. 

Keywords: Programmed cell death protein 1; neurogenesis; neural stem cells; proliferation; 

differentiation 
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The Chronic Application of GABAB Receptor Agonists STX209 

Can Correct and Reverses the Autistic Behavior of VPA Model 

Mice 

 

ABSTRACT: VPA mice model which treated prenatally with valproic acid (VPA) has been used 

extensively as a model of the human condition. VPA model mice bear striking resemblance to the 

core and comorbid symptoms of human autism: a lifelong neurodevelopmental disorder 

characterized by impairments in social communication and interaction and by repetitive patterns of 

behavior, interests and activities.Studies in this animal model has been revealed the behavioral, 

morphological, and molecular biological abnormalities.Previous studies suggested that 
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improvements in models of autism phenotypes with certain genetic defects had been observed 

following chronic treatment with STX209（R-baclofen, Arbaclofen）, a selective agonist of the 

γ-aminobutyric acid type B (GABAB) receptors . And STX209 has been used to treat children 

and adolescents with ASD in several clinical trial. Considering VPA mice showed abnormal 

neuronal dendritic morphology and the deficiency of GABA-ergic neuron, We tested whether the 

pharmacologic activation of the GABAB receptor could correct or reverse autistic phenotypes in 

VPA model mice. The results suggested core behavior symptoms of ASD was corrected by the 

chronic administration of the selective GABAB receptor agonist Baclofen（p.o.）and STX209 

(i.p.) in VPA model juvenile mice.Besides,we also found the chronic administration of STX209

（i.p.） in VPA model juvenile mice corrected hippocampal neuron morphology and the spine 

density defect，reversed the loss of hippocampal neurons without affecting wild-type mice.This 

may related the reversal of the expression defect of GABABR1/2 after activation of the GABAB 

receptor with STX209 .Our findings suggest that STX209 may have clinical utility for some of the 

core ASD symptoms of children who has history of VPA intrauterine exposure. 

KEY WORD: VPA, ASD, STX209, GABA, Arbaclofen, R-baclofen, Baclofen, GAD65, GAD67, 

GABARB1, GABABR2 
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Abstract: The pMN domain is a restricted domain in the ventral spinal cords, defined by the 

expression of olig2 gene. The fate determination of pMN progenitors is highly temporally and 

spatially regulated, with motor neurons and oligodendrocyte progenitor cells (OPCs) developing 

sequentially. Insight into the heterogeneity and molecular programs of pMN progenitors is 

currently lacking. With the zebrafish model, we identified multiple states of neural progenitors 

using single-cell sequencing: proliferating progenitors, common progenitors for both motor 

neurons and OPCs, and restricted precursors for either motor neurons or OPCs. We found specific 

molecular programs for neural progenitor fate transition, and manipulations of representative genes 

in the motor neuron or OPC lineage confirmed their critical role in cell fate determination. 

Deciphering progenitor heterogeneity and molecular mechanisms for these transitions will 

elucidate the formation of complex neuron-glia networks in the central nervous system during 

development, and understand the basis of neurodevelopmental disorders.  
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Abstract: At present, there are misunderstandings and even subversive errors in the understanding 

of cellular bioelectricity phenomena. The theory explaining the mechanism of bioelectricity 

generation is the ionic theory, and the ionic theory is based on the membrane theory. Whether it is 

membrane theory or ionic theory, the author has ignored the structure and characteristics of ion 

channels, and has not found the essence and law of ion exchange inside and outside the cell 

membrane. Therefore, the GHK equation and the H-H equation based on the ionic theory have 

congenital deficiencies. 

This paper is based on the principle of K+ channel “origami windmill” model, the conservation law 

of membrane area of cell action potential ion exchange was proposed, and establishes a new 

mathematical model of cell action potential based on the conservation law of membrane area—ion 

inequality equation. The expression of conservation law of membrane area: SA (t) + SB (t) = S0, the 

expression of the ion inequality equation: resting potential N = N0 + Vt; action potential N = N0+ 

170t -90t2. 

The conservation law of membrane area holds that bioelectrical activity is a process in which 

different cations replace each other on the inner surface of the cell membrane. Cl
-
 is already 

surrounded by the cell membrane at the beginning of cell membrane formation, which determines 

the “positive” and “negative” of the cell action potential; The cations such as Na +, K+, etc., the 

amount of mutual replacement on the inner surface of the cell membrane determines the amplitude 

of the action potential, and the ratio of mutual replacement complies with the principle that the 

membrane area is equal and the ions are not equal. 

The ion inequality equation, cited the kinematics principle, can not only reflect the  nature and rule 

of cation exchange on the inner surface of cell membrane,but also can reasonable avoid cell 

membrane expansion force and ionic driving force, completed the bioelectricity generation 

mechanism from the qualitative to the quantitative expression, supports the preexistence of 

membrane theory, to verify the theory of brain cell activation, the theory of dove-likeparticles and 

“origami windmill” model, has opened up a scientific and quantitative description cell action 

potential new ways and means. 
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Abstract：The balance of major excitatory (glutamate, Glu) and inhibitory (-aminobutyric acid, 

GABA), named as E/I neurotransmission, is critical for proper information processing. Anxiety -

like responses upon stress are accompanied with abnormal alterations in the formation and function 

of synapses, resulting in the imbalance of E/I neurotransmission in amygdala. Liver X receptors 

(LXRs), including LXR and LXR isoforms, are nuclear receptors responsible for regulating CNS 

functions besides maintaining metabolic homeostasis. However, little is known about the 

contribution of LXRs in E/I balance in regulating anxiety-related behaviors induced by stress. In 

this study, we found stress-induced anxiety led to the expression reduction of LXR not LXR in 

mice amygdala. GW3965, a dual agonist for both LXR and LXR, alleviated anxiety-like 

behaviors of stressed mice through activation of LXR, confirmed by the knockdown of LXR 

mediated by lentiviral shRNAs in the basolateral amygdala (BLA). This was paralleled by 

correcting the disequilibrium of E/I neurotransmission in the stressed BLA. Importantly, GW3965 

exerted anxiolytic effects by correcting the promoted amplitude and frequency of miniature 

excitatory postsynaptic current (mEPSC), and augmenting the decreased that of miniature 
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inhibitory postsynaptic current (mIPSC) in the stressed BLA. This suggests that stress -induced 

anxiety-like behaviors can largely be ascribed to the deficit of LXR signaling in E/I 

neurotransmission in BLA. These findings highlight the deficiency of LXRβ signaling in amygdala 

linked to anxiety disorder, and LXRβ activation may represent a potential novel target for anxiety 

treatment with an alteration in synaptic transmission in amygdala.  

Keywords: Liver X receptors; E/I neurotransmission; amygdala; anxiety 
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Abstract: Objective Neuropathic pain (NP) is a chronic and intractable disease with poor 

therapeutic effect, and its pathogenesis has not been fully elucidated. GABA neuron deinhibition 

plays an important role in the occurrence and development of NP. Neuropathic pain-induced 

mitochondria dysfunction has been found to be closely related to the cause and development of 

neuropathic pain. Mitochondrial uncoupling proteins 4 (UCP4) belongs to the mitochondrial 

transporter family (SLC25 family). It was located in the mitochondrial inner membrane and 

participated in a variety of biological processes, including mitochondrial oxidative phosphorylation, 

calcium signal activation, ROS production and ATP generation by driving proton in and out. In the 

study from a new perspective of the relationship between UCP4 and mitochondrial membrane 

potential depolarization, this project intends to systematically study the effect of UCP4 on GABA 

neurons to inhibit the mediated occurrence of NP through mitochondrial membrane potential by 

using in vivo and in vitro models, and explored the mechanism of UCP4 regulating the 

mitochondrial membrane potential depolarization of GABA neurons in the dorsal horn of the spinal 

cord.To clarify the mechanism of mitochondrial membrane potential depolarization affecting 

GABA disinhibition of the occurrence and development of NP. Methods we use Gad2-

cre::ZsGreenflx/flx / UCP4 - KO mice / GAD2-Cre:: UCP4flx/flx transgenic mice to prepare spared 

nerve injury (SNI) models. the mechanical and thermal pain-sensitivities in SNI mice were detected, 

and identified mitochondrial related genes and proteins in spinal cord under NP by RNA sequence 

combined with protein level mass technology. The expression levels of mitochondrial related genes 

mRNA and protein were confirmed by real-time PCR and western blot, respectively. We explored 

the neuroprotective role of mitochondrial related genes within spinal cord, the output structure of 

the mitochondrial by transmission electron microscopy and mitochondrial membrane potential and 

superoxide dismutase SOD, GSH and ATPase were also detected by flow cytometer. Results (1) 

RNA-sequence revealed extensive changes in expression associated with mitochondria dysfunction. 

(2) The mitochondrial membrane potential was increased and the antioxidant capacity decreased of 

spinal dorsal horn in NP mice (3) Targeted up-regulation of UCP4 gene effectively alleviated 

neuropathic pain in mice. (4) Targeted up-regulation of UCP4 gene can effectively improved 

mitochondrial function. (5) Targeted down-regulation of UCP4 gene, mitochondrial membrane 

potential significantly reduced in the spinal dorsal horn of SNI mice. Conclusion UCP4 reduced 
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the mitochondrial membrane potential depolarization induced by GABA neurons in the dorsal horn 

of the spinal cord, and a large number of GABA disinhibition, which ultimately induced the 

occurrence and development of NP. When UCP4 was up-regulated, mitochondrial membrane 

potential became hyperpolarized, and GABA could inhibit the inhibitory synaptic transmission of 

neurons in the dorsal horn of the spinal cord to return to normal, thus inhibiting the occurrence and 

development of NP. 

Keywords: UCP4; Mitochondrial membrane potential depolarization; GABA disinhibition; 

Neuropathic pain 

 

Back to top ↑ 

 

 

P-053 

The red nucleus mGluR ⁎/⁎ participate in the maintenance of 

neuropathic pain induced by spared nerve injury 

 

Fan FENG, Xue TIAN, Jun-Yang WANG* 

 

Department of Pathogenic Biology and Immunology, Xi’an Jiaotong University Health Science 

Center, Xi’an, Shaanxi 710061, China 

 

*Corresponding author 

E-mail: jywang@mail.xjtu.edu.cn 

 

Abstract: Objective Glutamate is an excitatory neurotransmitter, which is essential for the 

perception and transmission of pain. Glutamate in different regions is involved in pain processing 

through different glutamate receptors. The mGluRs is G-protein-coupled receptor, and eight 

subtypes have been identified and classified into three groups: group I (mGluR 1 and mGluR 5), 
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group II (mGluR 2 and mGluR 3), and group III (mGluR 4 and mGluR 6–8). The red nucleus (RN) 

is an important part of midbrain, and plays vital role in pain processing. Our previous studies have 

demonstrated that RN glutamate facilitates neuropathic pain induced by spared nerve injury (SNI) 

through non-NMDA and mGluRs. However, whether the different subtypes of mGluRs in the RN 

involved in the regulation of neuropathic pain is unclear. Here, we further clarify the roles of RN 

mGluR Ⅰ/Ⅱ in the neuropathic pain induced by SNI. Methods The right tibial nerve and common 

peroneal nerve of rats were tight-ligated to build SNI neuropathic pain model. The mechanical paw 

withdrawal thresholds (PWT) of the right hindpaw of rats were dynamically assessed using 

Dynamic Plantar Aesthesiometer. qRT-PCR was used to observe the mRNA expression level of 

RN mGluR Ⅰ/Ⅱ. Immunohistochemistry and Western blotting were used to observe the protein 

expression level of RN mGluR Ⅰ/Ⅱ. To further study the downstream molecules, mGluR Ⅰ 

antagonist and mGluR Ⅱ agonist have microinjected respectively into the RN of SNI rats. Results 

(1) qRT-PCR confirmed that RN mGluR Ⅰ was up-regulated at 2 weeks after SNI, compared with 

the sham-operated rats. In contrast, mGluR Ⅱ was down-regulated. (2) Western blotting and 

immunohistochemistry demonstrated that compared with sham-operated rats, RN mGluR Ⅰ was 

increased at 2 weeks after SNI, while mGluR Ⅱ was decreased. (3) Behavioral experiments 

demonstrated that microinjection of mGluR Ⅰ antagonist or mGluR Ⅱ agonist into the RN at 2 

weeks after SNI increased the PWT and alleviated mechanical allodynia. Conclusions These results 

suggest that RN mGluR Ⅰ and mGluR Ⅱ participate in the later maintenance of SNI-induced 

neuropathic pain, and mGluR Ⅰ generates an algesic effect, while mGluR Ⅱ plays an analgesic role. 

Targeting mGluR Ⅰ/Ⅱ may present a new and efficient way to treat neuropathic pain symptoms. 

Key Words: Red nucleus; mGluR Ⅰ; mGluR Ⅱ; neuropathic pain; spared nerve injury 
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Abstract: Synaptic receptors localized at the postsynaptic surface such as the ionotropic glutamate 

and gamma aminobutyric acid type A receptors are crucial for neuronal communication. 

Dysregulation of the expression and trafficking of these receptors are among the major causes of 

several neuronal diseases. Previous studies on these receptors have revealed the mRNA and protein 

levels of different subunits of these receptors during brain development and in different brain 

regions. However, the regulation of mRNA translation of these receptors is not clear. In this study, 

we utilized polysome profiling, an effective method for studying the translation of proteins of 

interest, to separate ribonucleoproteins, monosomes and polysomes from mouse cerebral cortex at 

different postnatal ages and from different brain regions at adulthood. Subsequently, we assessed 

the distribution of mRNAs of these receptor subunits in different fractions using qPCR. The results 

showed that each mRNA exhibited an intrinsic translational pattern during brain development and 

in different brain regions. In addition, we examined the translational changes after two behavioral 

stimuli, acute stress or contextual fear conditioning. Interestingly, distinctive changes in 

translational patterns of selective subunits have been found. 

Keywords: AMPA receptor, NMDA receptor, GABAA receptor, polysome profiling, translation 
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Abstract: Objective BK channels mediate the efflux of potassium ions and participate in many 

physiological and pathological processes. However, fast and genetically encoded modulators for 

endogenous BK channels are lacking. Hence, we engineered a series of optical-controlled BK 

channel modulators that can manipulate the ion conductance of the BK channel with a high 

spatiotemporal resolution. Methods The optical-controlled BK channel modulator, IbTX-lumitoxin, 

was generated by combining the LOV2 domain with the BK channel-specific toxin peptide IbTX. 

We optimized the kinetics of the tool by truncating the Jα helix. Results The expression of IbTX-

lumitoxin could block BK channel activity in the HEK293T cell. The blockade could be reversed 

by blue light (470nm) illumination. In the brain slices, IbTX-lumitoxin expression and blue light 

illumination could significantly reduce the half-width and frequency of the action potential in 

excitatory neurons. Conclusions We successfully developed an optical-controlled ion channel 

modulator and provided a powerful tool to investigate ion channel functions.  

Keyword: BK channel; endogenous ion channel; optogenetic 
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Abstract：Objective Homeostasis of intrinsic excitability keeps neuronal firing away from 

extremes of frequency and thus maintains the information transfer capacity of brain circuits. 

However, the underlying mechanism has not been elucidated. Methods We chronically blocked 

action potentials of cortical neurons by sodium channel blocker TTX and performed unbiased RNA 

sequencing and pharmacological screening to identify the molecules involved in the homeostasis 

of firing frequency. Results Chronic suppression of neuronal activity homeostatically elevated 

action potential frequency. The transcriptional repression of Kcnq3, the gene encoding the KV7.3 

channel, was responsible for increasing firing frequency. Mechanically, inactivity-induced nuclear 

export of transcription factor SMAD3 prevented its binding to the Kcnq3 promoter and led to the 

decrease in Kcnq3 expression. The nuclear export of SMAD3 was not dependent on TGFB signaling. 

Instead, the L-type Ca2+ channel in the soma and the proximal dendrites provided a harbor for the 
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exported SMAD3. Conclusion We deciphered an intrinsic transcriptional program and underlying 

signaling mechanisms responsible for the homeostatic regulation of intrinsic excitability. 

 

Keywords: homeostasis; intrinsic excitability; Kcnq3; SMAD3; L-type Ca2+ channel  
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ABSTRACT: Mutations in the γ-aminobutyric acid type A (GABAA) receptor γ2 subunit gene, 

GABRG2, have been associated frequently with epilepsy syndromes with varying severities . 

Recently, we reported the identification of a de novo GABRG2 missense mutation, c.T1027C, 

p.F343L, in a patient with an early onset epileptic encephalopathy (EOEE) and generated a novel 

transgenic zebrafish line overexpressing mutant human GABRG2 (F343L) subunits, which 

displayed spontaneous seizure-like behaviors. In this study, we demonstrated that mutant human 

γ2(F343L) subunits changed the circadian rhythm locomotor activity of the transgenic zebrafish. 

The sensitivity with pentylenetetrazol (PTZ) treatment also increased in the mutant transgenic 

zebrafish. Real-time quantitative PCR, whole mount in situ hybridization (WISH) and Western 

blotting identified the changes of α1, β2 and γ2 subunits in the brain of zebrafish. Using 

transmission electronic microcopy (TEM) and immunostaining, we investigated the synapse 

morphology in mutant zebrafish larvae. The expressions of pre-synaptic and post-synaptic proteins 

were also investigated by Western blotting. Overall, our Tg(hGABRG2F343L) overexpression 

zebrafish model indicates a novel pathophysiology for genetic epilepsy associated with an ion 

channel gene mutation, synapse dysfunction, might be involved int the mechanism of epilepsy 

syndromes induced by GABRG2 missense mutation.  

Key words: GABAA receptors, genetic epilepsies, zebrafish, synapse 
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Abstract: Objective Large conductance calcium-activated potassium channels (BK channels) are 

widely distributed in the central nervous system. They are present on the plasma membrane, nuclear 

envelope, mitochondria, and lysosome in the neurons. However, the tools to separately control these 

subcellular BK channels are lacking. Here, we innovatively developed the optically controlled 

conformational change technology (OCIC) to regulate the subcellular BK channels. Methods The 

optically controlled tool for BK channels, OCIC-BK, was constructed by combining channel-specific 

binding peptides with the LOV-Jα domain. Results: In HEK293T cells, OCIC-BK enhanced BK 

channels current upon blue light illumination. In the brain slices, OCIC-BK and blue light 

illumination significantly reduced the half-width and frequency of the action potentials in 

excitatory neurons. Using OCIC-BK and subcellular light illumination, we found that dendritic BK 

channels also contribute to action potential regulation. Optical activation of the BK channel in 

motor cortex M1 by OCIC-BK significantly impaired locomotion in mice. Conclusions We 

successfully developed the optically controlled tools for endogenous ion channels to investigate 

their function in vivo.  

Keyword: BK channel; endogenous ion channel; optogenetic; subcellular;  
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Abstract: The role of the Slack (also known as Slo2.2, KCa4.1, or KNa2.1) channel in pain-sensing 

has been studied by several groups, but the results are debatable. In the present study, we first 

examined the pain behavior of using a new line of Slack channel knock-out mice. We found that 

the Slack channel null mice possess enhanced mechanical pain sensitivity but normal heat- and 

cold-pain sensitivity. To address the mechanism of mechanical pain hypersensitivity, the X-gal, in 

situ hybridization, and immunofluorescence were used to examine the distribution of the Slack 

channel in the dorsal root ganglion (DRG) and spinal cord. We found that the Slack channel is 

highly expressed in IB4+ positive neurons in the DRG and somatostatin positive neurons (SST-

neuron) in the spinal cord. Subsequently, patch-clamp recording performed in DRG neurons and 

SST-neuron labeled (SST-Rosa) WT type mice and Slack channel knockout mice (Slack -/- mice) 

indicated that the frequencies of action potentials in both IB4 neurons and SST neurons Slack KO 

mice were dramatically enhanced. Furthermore, the expression of a compensating Slack channel 

gene in the SST neurons in the spinal cord of SST-Rosa/Slack-/- mice released the mechanical pain 
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hypersensitivity of the Slack -/- mice and decreased discharges of the SST neurons. In summary, 

our results support that the Slack channel regulates mechanical pain-sensing of mice by adjusting 

both the activity of IB4 neurons in DRG and SST neurons in the spinal dorsal horn. 
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Abstract: Objective Neural precursor cell-expressed developmentally downregulated protein 4-2 

(Nedd4-2) is a member of the E3 ubiquitin ligase family that is highly expressed in sensory neurons 
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and involved in pain modulation via downregulation of ion channels in excitable membranes. 

Ubiquitination involving Nedd4-2 is regulated by adenosine monophosphate-activated protein 

kinase (AMPK), which is impaired in the dorsal root ganglion (DRG) neurons of db/db mice. 

AMPK negatively regulates the expression of transient receptor potential ankyrin 1 (TRPA1), a 

recognised pain sensor expressed on the membrane of DRG neurons, consequently relieving 

mechanical allodynia in db/db mice. Method Herein, we used electrorheological technique, 

behavioural test, molecular and immunofluorescence method to study the involvement of Nedd4-2 

in painful diabetic neuropathy. Results Nedd4-2 was co-expressed with TRPA1 in mouse DRG 

neurons. Nedd4-2 was involved in TRPA1 ubiquitination, this ubiquitination, as well as Nedd4-2–

TRPA1 interaction, was decreased in db/db mice. Moreover, Nedd4-2 levels were decreased in 

db/db mice, while an abnormal intracellular distribution was observed in short-term high glucose-

cultured DRG neurons. AMPK activators not only restored Nedd4-2 distribution but also increased 

Nedd4-2 expression. Conclusion These findings demonstrate that Nedd4-2 is a potent regulator of 

TRPA1, and that the abnormal expression of Nedd4-2 in DRG neurons contributes to diabetic 

neuropathic pain. 
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Abstract: Objective Although acupuncture or electro-acupuncture (EA) could treat myocardial 

ischemia (MI) effectively, the potential mechanism was still not clear. Our previously studies had 

demonstrated that acupuncture or EA could improve the cardial function, the activities of cardiac 

sympathetic nerve, and expression a lot of kinds neurotransmitters such as Hyperpolarization-

activated cyclic nucleotide gated channel (HCN) 2 mRNA and proteins. In this study, we concerned 

the mechanism of different EA time course in treating MI, and observe the change of HCN2 of 

H9C2 cell line treated by the serum after different EA time course on MI model rats. Methods 90 

healthy male SD rats were feeded under the same condition, and were recorded the 

electrocardiaogram (ECG), and in those rats with normal ECG, rats were randomly divided into 

normal, model, EA 1d, EA 3d, EA 5d, and EA 7d groups. Except of the normal group, rats in the 

other 5 groups were duplicated MI model with ligate the left prior descend coronary artery, and 

correspondingly, in the differend EA time course groups, rats were treated by EA bilateral 

“shenmen” (HT7) with 2 Hz frequency and 0.1 mA current, 15 min/time and 1 time per day. To 

take and keep the serum seperately of each rat in tubes for later use. H9C2 cell line were cultured 

in  medium that contained with 10% fetal bovine serum (FBS), 100 U/ml penicilin, 100 ug/ml 

streptomycin in an incubator with 37℃, 5% CO2 environment. To discard the original medium after 

the H9C2 cell line were full in the plate, and treat by 10% EA serums of different groups for 24 

hours, then to collect the total proteins and mRNA. To detect the HCN2 mRNA with rt -PCR and 

raletive HCN2 protein expression by western blotting. Results After MI model duplicated, the 

change of ECG were significantly observed of each model rats, HR of rats in each group decreased 

after model replication (P>0.05), but after EA treatment, HR increased, but still the variation were 

not significant (P>0.05). Moreover, st height of rats increased significantly after model replication 

(P<0.01), and after electroacupuncture at different time course, it was significantly decreased 

(P<0.01). Compared with in the normal group, HCN2 proteins significantly increased in the model 

group (P<0.01). After treated with EA1d, EA3d and EA5d serum, the HCN2 proteins expression 

decreased obviously (P<0.01), but as to the EA 7d serum, the HCN2 protein were increased 

(P>0.05). HCN2 mRNA decreased significantly in the model group (P<0.01) as to in the normal 

group. Compared with the model group, there was no significant difference in serum intervention 

among in the EA1d, EA3d and EA5d serum (P>0.05), but increased significantly in the EA 7d 

group (P<0.01). Conclusion Electroacupuncture with different time course can effectively improve 
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the ST segment elevation and T wave elevation or inversion of ECG in MI rats; and no significant 

variation in HR. The expression of HCN2 protein and mRNA in H9C2 cell line was influenced by 

different time course of EA serum. 

Keywords: HCN2, Electro-acupuncture Serum, Myocardial Ischemia 
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目的： 神经病理性疼痛（NP）发病率高、临床治疗效果欠佳，现已成为亟待解决的公共健

康问题。丘脑腹侧基底核（VB）是疼痛信息上行传递的重要中继站，在疼痛感知和整合中

的作用不容忽视，但其具体机制不清楚。HCN 通道已被证实参与疼痛的发生、发展，其中

HCN2通道与疼痛的关系最为密切。VB丰富表达 HCN2通道，但该区域 HCN2通道是否参与

疼痛的发生、发展及具体机制仍不明确。本研究旨在探索该问题，为 NP 的治疗提供新的理

论依据。 

方法： 选取 C57/BL6 野生型小鼠（8-10 w，20-25 g）制备坐骨神经分支部分损伤（SNI）模

型。评估术前及术后 1、3、7、10和 14天的机械缩足反射阈值（PWT）。首先利用免疫荧光

及 western blot 方法，检测 SNI 术后 14 天 VB 区 HCN2 蛋白表达的变化。其次于 SNI 术后 14
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天，制作小鼠离体脑片，运用全细胞膜片钳技术，观察 SNI 对 VB 区神经元内在兴奋性及

HCN 通道介导的电流 Ih 的影响。最后，离体灌流 HCN 通道阻断剂 ZD7288，观察 VB 区神

经元内在兴奋性变化；在体脑立体置管，于 VB 区注射 ZD7288，观察 SNI 小鼠痛行为的变

化。 

结果：SNI 术后 1、3、7、10 和 14 天，小鼠 PWT 显著降低。SNI 术后 14 天，小鼠 VB 区

HCN2 通道蛋白的表达明显增加。SNI 术后，VB 区神经元放电频率增加，同时 Ih 振幅增大

（sham：531.00±53.93 pA；SNI：916.20±65.90 pA），但不改变 Ih 激活与失活动力学特性。

灌流 ZD7288可显著减少 Ih 振幅（control：392.30±54.29 pA；ZD7288：12.29±5.05 pA），

同时可降低 VB 区神经元放电频率。VB 区脑立体注射 ZD7288 可缓解 SNI 引起的机械痛敏。 

结论：本实验研究揭示 NP 促使 VB 区神经元 HCN2 通道表达上调、Ih 增大，进而增加神经

元兴奋性；而抑制 Ih 可降低 VB 区神经元兴奋性、缓解小鼠 NP 样痛行为。上述结果进一步

明确 NP 发生的中枢机制，为 NP 的治疗提供新的理论依据。 
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Abstract: Hypertension is the leading cause of cardiovascular disease and premature death. Most 

studies have focused on developing antihypertensive strategies by targeting peripheral 

cardiovascular system. Notably, cardiovascular activities are highly regulated by the central 

nervous system. However, mechanisms underlying central cardiovascular control as well as 

potential brain targets for antihypertensive treatment remain unknown. Here, we report that the 

most recently discovered and identified histamine H4 receptor activation produces depressor and 

bradycardia effects by exciting rostral ventromedial medulla (RVMM) neurons in rats. We find that 

histaminergic neurons in the hypothalamic tuberomammillary nucleus (TMN) directly project to 

the RVMM, a vital cardiovascular regulatory center expressed histamine H4 receptor. Bath 

application of histamine or selective H4 receptor agonist VUF 8430 excites RVMM neurons in 

brainstem slice via the activation of postsynaptic histamine H4 receptor. Intra-RVMM 

microinjection of histamine or VUF 8430 in vivo induces a significant depressor and bradycardia 

response in rats. Moreover, pretreatment with selective H4 receptor antagonist JNJ 10191584 in 

RVMM totally blocks the depressor and bradycardia effects induced by optogenetic activation of 

the TMN-RVMM histaminergic projections. Furthermore, we determine the antihypertensive effect 

of RVMM H4 receptor activation in spontaneous hypertensive rats (SHR) and find SHR exhibit a 

higher c-Fos expression in the hypothalamic histaminergic neurons and an elevated H4 receptor 

expression in the RVMM compared with the normotensive Wistar-Kyoto rats. Microinjection of 

VUF 8430 into RVMM remarkably ameliorates hypertension of SHR via the activation of H4 

receptor. These results reveal a novel cardiovascular effect of central histamine H4 receptor, which 

may pave ways for the development of brain therapeutic targets for hypertension.  
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Abstract: Acetylcholine (ACh), as a neuromodulator, has been implicated in various cognitive 

functions, such as attention and memory, presumably via its influence on the synchronous activity 

of neuronal circuits. However, due to the complexity of in vivo environments, it has been difficult 

to determine precisely how circuit activity is modulated by ACh. Here, we approached this issue 

by using cultured networks of hippocampal neurons, in which persistent reverberatory activity can 

be elicited by simple stimulation of single neurons. With different doses of ACh applied to the 

network, we found that evoked reverberation was largely suppressed at lower doses of ACh, 

whereas the duration of reverberation became longer at higher doses, along with the reduction of 

polysynaptic currents. Moreover, spontaneous firing of the network occurred more frequently and 

continuously at higher doses of ACh. At the cellular level, ACh significantly suppressed excitatory 

postsynaptic currents while elevated neuronal excitability. All of these changes induced by ACh 

were blocked by muscarinic receptor antagonist scopolamine, but not nicotinic receptor antagonist 

mecamylamine. These results provide mechanistic insights about the diverse effects of ACh in 

modulating brain activity.  
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Abstract:  

Objective GABAergic (Gamma-aminobutyric acid, GABA) neurons are important inhibitory 

neurons in the mammalian central nervous system. Abnormal functions of GABAergic neurons 

have been shown to be involved in many pathological changes of the nervous system, such as 

Alzheimer's disease (AD), Parkinson's disease (PD) and Huntington's disease (HD). Due to the 

important role of GABAergic neurons, a variety of specific transgenic mice have been developed 

and achieved important progress. However, at present, there is no confidential stool that can 

simultaneously trace the location of GABAergic neurons and non-GABAergic cells in one mouse.  

Methods Fistly, We used C57BL/6-Gad2EM1(IRES-ICRE-PA)SMOC (named as Gad2-ires-Cre) mice and 

B6/JGPT-H11Em1CIN(Cag-loxp-Zsgreen-stop-loxp-tdTomato)/GPT mice (named as B6-G/R mice) to cross and 

produced a new generation of hybrid mice named Gad2tdTomato/non-Gad2ZsGreen  mice. In B6-G/R 

mice, the green fluorescent protein ZsGreen and the red fluorescent protein tdTomato were knocked 

into the mice H11 gene site. At the same time, the loxP sites were buried on both sides of ZsGreen. 

GABA in mammals was synthesized by two glutamic acid decarboxylase (GAD) GAD67 and 

GAD65. These two proteins were encoded by Gad1 and Gad2 genes, and were co-expressed in 

most regions of the central nervous system. The Gad2-ires-Cre mice inserted an internal ribosome 

entry site (ires) and a Cre recombinase sequence at the 3' end of the Gad2 allele. Under normal 

circumstances, the mice could express Cre recombinase in GABAergic neurons under the action of 

the Gad2 promoter/enhancer element. In the transgenic mice, all Gad2 positive cells would express 

red fluorescence protein due to Cre recombinase cut loxP sites. Secondly, we used laser confocal 

microscopy (FV1000, Olympus, Japan) to observe the distribution of GABAergic neurons. When 

the mice grew up in 7 weeks, we cut the brain into 30 ㎛ thick. Thirdly, we used Imaris version 

9.6.0 (Oxford Instruments, UK) for the three-dimensional (3D) construction of GABAergic neurons 

expressing red fluorescence protein in the mice brain. The Surpass view offerred powerful tools for 

data preparation, presentation and manipulation of different types of image data. This was presented 

in a large viewing area (default 3D view) with numerous tools and creation wizards for processing 

image data effectively. Slice view allowed us to view each slice of the image. The Section view 
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option enabled simultaneous viewing along three coordinate axes (cross-sectional view). Section 

view for XY; XZ; YZ views and navigation to any position in 3D. In this study, the Section View 

tool was used to compare and analyze the red and green fluorescent structures at the three 

coordinates to identify the co-standards of red and green fluorescence. At the end, in order to 

observe whether the coordination and motor function of the Gad2tdTomato/non-Gad2ZsGreen tool mice 

are abnormal, this experiment used the CatWalk XT 10.6 system (Noldus, Leeburg, VA) to evaluate 

the gait of the mice. The heart of CatWalk system consisted of an enclosed walkway on a glass 

plate that was traversed by a rat or mouse from one side of the walkway to the other. Green light 

entered at the long edge of the plate and was completely internally reflected. Light was able to 

escape only at those areas where the animal's paws made contact with the glass plate; as a result, 

the light was scattered. Paws were captured by a high-speed video camera that was positioned 

underneath the walkway. The video camera transformmed each scene (the area in front of the lens) 

into a digital image (an image composed of discrete pixels of digital brightness values). The digital 

images were transferred to the computer through an Ethernet connection. The brightness of a pixel 

depended on the amount of light received from such an area by the camera. The technology enabled 

intensity differences to be detected between the paws. The transparent glass runway with LED 

optical fiber and baroreceptor buried 150 cm above the ground. The runway had a total length of 

130 cm, a width of 6.2 cm, and a side wall height of 15 cm. Set up a high-speed color camera CCD 

at a distance of 46.0 cm below the middle of the runway. When the mouse was moving forward 

freely, the LED light in the glass panel of the runway emits green light. When the feet of mice 

touched the glass panel, the light was refracted. The CCD collected the light changes and sent the 

data to the computer, which was automatically generated by the CatWalk XT software, version 

10.6. When the mouse moved, the footprints would appear. The mice should pass the target area 

within the time range of 0.5 - 5.0 s as a completion of an experiment. The four footprints of each 

quadruped of the mice were one step, and the distance passed by four consecutive steps in the target 

area. In general, the target area was 56.2 cm long. The mice must pass the runway autonomously. 

If the mice run too late or did not move in place, would be recorded as a failure. Each mouse must 

complete 3 days of training before testing. When training, completed six experiments would end 

the training. Continuously training for 3 days, no data recording during training. Data collection 

was performed on the 4th day, and data was collected 3 times for each animal. Recording indicators 

included: a, complete the whole journey time (run duration, s); b, average walking speed (speed, 

cm/s); c, coordination index (regularity index, %). Behavioral data of normal C57BL/6 mice group 

and Gad2tdTomato/non-Gad2ZsGreen tool mice were expressed as mean ± standard deviation (mean ± 

SEM). Used GraphPad Prism 8 (San Diego, CA, USA) statistical software to analysis. The Student’
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s t-test statistical method was used to analyze the two sets of data. P < 0.05 was considered 

significant.  

Results After crossing, we produced a new generation of hybrid mice named Gad2tdTomato/non-

Gad2ZsGreen  mice. Interestingly, the mice had specific appearance with the green light visible to the 

naked eye in the following five positions, pupil, external ear skin，plantar skin, perianal skin and 

tail skin. We used the laser confocal microscopy to observe the GABAergic neurons distribution. 

Gad2tdTomato/non-Gad2ZsGreen  mice simultaneously express ZsGreen gene and Cre recombinase gene. 

In the brain of Gad2tdTomato/non-Gad2ZsGreen tool mice, all non-GABAergic cells (including neurons 

and glial cells) retained the ability to express the green fluorescence ZsGreen protein. These cells 

were densely distributed throughout the brain, made the whole brain slices show green fluorescence. 

Especially in the hippocampus and cerebellum, the green fluorescent non-GABAergic cells were 

arranged into clear green bands, which outline the dentate gyrus and cerebellar lobules of the 

hippocampus. At the same time, it meant that all GABAergic neurons in the brain were removed 

from ZsGreen due to the expression of Cre enzyme, and the red fluorescent protein expression of 

tdTomato was activated. These neurons account for 10% of the total number of cells in the brain, 

and were mainly distributed in the olfactory tubercle (TU) and striatum (ST), cerebral peduncle 

(CP), substantia nigra, reticular part (SNR), cerebellar cortex (CbC), and cerebellar nuclei (CBN). 

CBN was the projection area of Purkinje cells. At the same time, the red fluorescence of neurons 

in TU, ST, CP, and SNR was stronger than blue fluorescence, so they appeared pink after the merge. 

In CbC, due to the large number of cells in the granule layer (GL) and their compact arrangement, 

the blue fluorescence was relatively strong, so a bright skyblue fluorescence band appeared after 

overlapping with the red fluorescence. In order to understand the characteristic of GABAergic cell, 

we choosed two areas to observe. Fist of all, we used Olympus laser and Imaris software analyze 

the ST of Gad2tdTomato/non-Gad2ZsGreen tool mice. Non-GABAergic cells in ST retained the 

characteristic of expressing green fluorescent ZsGreen, these neurons were not uniform in shape 

and are densely distributed in the brain structure of the visual field. Importantly, GABAergic 

neurons in ST initiated the expression of red fluorescent tdTomato. This type of neurons were 

densely distributed in ST, consistented with previous reports, and most of the neuron cell bodies 

were elliptical, with black nucleoli visible inside, and protrusions were rare. Second, we observed 

lobules 4 and 5 of the cerebellar vermis. It could be seen that the soma of GABAergic neuron 

expressing red fluorescence are arranged neatly. These were Purkinje cells, the only efferent 

neurons in the cerebellar cortex. As a result, the cerebellar cortex was divided into a clear three-

layer structure: molecular layer, Purkinje cell layer and granular layer. At the same time, it could 

be seen that Purkinje cells sent out dense dendrites to the molecular layer(ML), and the dendrites 

were hierarchical. The axons of Purkinje cells could also be seen passing through the granule layer. 

file:///C:/Users/Shinelon/AppData/Local/youdao/dict/Application/8.9.6.0/resultui/html/index.html#/javascript:;
file:///C:/Users/Shinelon/AppData/Local/youdao/dict/Application/8.9.6.0/resultui/html/index.html#/javascript:;
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Used CatWalk to detect Gad2tdTomato/non-Gad2ZsGreen tool mice coordination and motor function. 

The results showed that the Gad2tdTomato/non-Gad2ZsGreen tool mice and the normal C57BL/6 mice 

of the same age had a run duration of 2.04 ± 0.61 s and 1.73 ± 0.83 s; the average walking speed 

was 45.25 ± 13.85 cm/s and 61.56 ± 27.91 cm/s; the Regularity Index was 96.42 ± 4.86% and 95.36 

± 3.42%, respectively. The values of the three indicators in the two groups were very close, and 

there was no statistical difference. In particular, the Gad2tdTomato/non-Gad2ZsGreen tool mice 

coordination index reached 96.42 ± 4.86%, indicating that the tool mice coordination and motor 

function are normal and can be used in subsequent experiments. 

Conclusion In the present hybrid mice of Gad2tdTomato/non-Gad2ZsGreen, the GABAergic neurons 

and non-GABAergic cells could be traced by red and green fluorescence simultaneously and 

respectively, which makes it possible to distinguish the location and function of GABAergic 

neurons from complex non-GABAergic background. Therefore, it is worth expecting that the 

strategy of Gad2tdTomato/non-Gad2ZsGreen mice would play a great important role in the further 

neuroscience research. This study uses C57BL/6-Gad2em1 (IRES-iCre-pA) Smoc mice (Gad2-ires-Cre mice) 

and B6/JGpt-H11em1Cin (CAG-LoxP-ZsGreen-Stop-LoxP-tdTomato)/Gpt mice (B6-G/R mice) cross breeding to 

produce a new generation of Gad2tdTomato/non-Gad2ZsGreen tool mice. In the central nervous system 

of the mice, all GABAergic cells expressing Cre recombinase are Gad2 tdTomato, because Cre 

recombinase combines with the loxP sites embedded on both sides of ZsGreen, the green 

fluorescent ZsGreen is deleted, and the red fluorescent tdTomato is turned on. On the contrary, all 

non-GABAergic cells in the mice central nervous system are non-Gad2ZsGreen, because they do not 

express Cre enzyme and retain the ability to express green fluorescent ZsGreen, but they do not 

have the function of expressing red fluorescent tdTomato. As a result, Gad2tdTomato/non-Gad2ZsGreen 

mice realize the important function of distinguishing red GABAergic neuron from the intricate 

green non-GABAergic cell background for the first time. It uses optical imaging to simultaneously 

qualitative and quantify GABAergic n euron and non-GABAergic cells These mice are important 

tool for multiple studies of time and space. 

Key words: GABAergic neurons; Cre-loxP system; Gad2tdTomato/non-Gad2ZsGreen mice; CatWalk 

system 
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Abstract: Objective Chronic low back pain (CLBP) is a common clinical condition that has 

impacts at both the individual and societal level all over the world. CLBP patients mostly 

accompanied obvious anxiety emotion. Our recent study showed that the mRNA and protein 

expression of the large conductance calcium-activated potassium channel (BKCa) β 4 subunits was 

upregulated in the ACC of modified animal model of chronic compression of multiple dorsal root 

ganglia (mCCD) mice. However, it remains elusive whether pain and pain-associated anxiety-like 

mailto:xubz@fmmu.edu.cn
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behaviors is attributed to the upregulation of BKCa β4 subunit in the ACC following mCCD and 

what subtype of ACC neurons is responsible for the upregulation of BKCa β4 subunit following 

mCCD. Methods Pain and anxiety-like behaviors were examined. The expression of ACC BKCa β4 

subunit in mCCD mice was assayed with Western blot. Bilateral stereotaxic shRNA injection to 

knockdown BKCa β4 subunit expression in the ACC of mCCD mice. Results mCCD mice exhibited 

an enhanced anxiety-like behavior, which accompanied bilateral mechanical hypersensitivity and 

bilateral thermal hyperalgisia. The anxiety-like behavior lasted from postoperative day 3 to 28 

following mCCD. BKCa β4 subunit was remarkably increased in the ACC in mCCD mice.  Local 

knockdown of BKCa β4 subunit in glutamatergic ACC neurons alleviated neuropathic pain and 

anxiety-like behaviors. Conclusion The upregulation of BKCa channel beta4 subunit in 

glutamatergic ACC neurons might be required for chronic low back pain and anxiety-like behaviors.  

Keywords: anterior cingulate cortex; chronic low back pain; anxiety; large conductance calcium -

activated potassium channels 
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Abstract: Objective Prothoracicotropic hormone (PTTH)-expressing neurons play essential roles 

in temporal coordination of insect development and thus are needed for successful survival to 

terminate metamorphosis. In order to accomplish this task, PTTH-releasing neurons themselves 

have to be exposed to consistently changing modulatory inputs from neurochemical pathways. 

Despite the general importance of neurotransmitters for endocrine physiology, the role of 

underlying classical neurotransmitters providing input to PTTH cells remain elusive. Methods 

Here, using Ca2+- and Epac-camps FRET imaging, we found that PTTH neurons could be 

modulated by surprisingly diverse neurotransmitter signaling pathways in Drosophila larvae. 

Results Acetylcholine (ACh) application led to dose-dependent increases in intracellular Ca2+ 

levels via ionotropic nicotinic ACh receptors, whereas glutamate (GLU), ⁎ -aminobutyric acid 

(GABA), serotonin (5-HT), dopamine (DA), tyramine (TA) and histamine (HA) decreased 

intracellular Ca2+ baseline levels in a dose-dependent manner. HA decreased intracellular Ca2+ 

concentrations were mediated via HA-dependent chloride channels. Interestingly, low doses of 

octopamine (OA) resulted in increased and higher doses in decreased Ca2+ levels. Furthermore, we 

identified that OA was conveyed through an Octβ-type receptor whereas TA signaled via the TYR1-

type receptor. Thus, ACh and low doses of OA appeared to be excitatory, whereas all of the other 

neurotransmitters and higher doses of OA displayed inhibitory signals to PTTH cells. Conclusion 

Our physiological studies suggest that electrical activity of PTTH cells may be defined by multiple 

opposing forces (i.e., facilitatory, inhibitory) from a potential combination of neurotransmitters. 

Our work shed light on basic mechanisms which determine the functional neurotransmission related 

to the development and behavior of Drosophila larvae.  

 

Keywords: PTTH neurons; spontaneous activity; multiple input; neurotransmitters; Drosophila; 

larvae 
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Abstract: TMEM206 was recently proved as the molecular basis of the extracellular acidic pH-

activated Cl− channel (PAC). PAC contains two transmembrane domains (TMs) with cytosol N-

terminus and C terminus. It is expressed in various cell lines and tissues, especially in the nervous 

system. It plays an essential role in neuronal cell death in ischemia-reperfusion. However, despite 

the cryo-EM structure is available, the mechanism of proton-dependent activation is still unclear. 

Our study explores the possible acid binding sites and provides a biophysical basis for the 

understanding of the proton-dependent activation. Methods: The hPAC mutations were generated 

by Pfu-based mutagenesis using the Quick Change TM kit and verified by sequencing. The 

macroscopic current of the hPAC channel (WT) and mutations were recorded by a two-electrode 

voltage clamp (TEVC). Results (1) After screening all conserved extracellular negative charged 

residues, the E107Q and D289N were identified as the critical residues that controlled the pH-

dependent gating of the hPAC channel. (2) The double mutant A81C/E107Q exhibits robust current 

without pH dependence while the A81C/D289N mutant still shows pH-dependent current. (3) Other 

E107R, E107A and E107C mutants still exhibit normal pH-dependent currents.  Conclusion: E107 

is the critical site that controls the pH-dependent gating of hPAC channel but E107 mutants other 

than E107Q create an additional pH-sensitive site. 

 

Keywords: proton-activated chloride channel, TEVC, proton-dependent activation 
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Abstract: Objective This study is to seek direct evidence of the controlling of DRG on peripheral 

sensory afferent signals, and investigate the mechanism of the "gating" of DRG on peripheral 

nociceptive transmission and its potential translational significance on pain therapy. Methods The 

model of simultaneous firing recordings in vivo was established to observe the firing frequencies 

of spinal nerve (SN) and dorsal root (DR). Single unit recording, DRG clearing and computer 

modelling technology were used to explore the mechanism of GABA system in DRG selectively 

regulating peripheral sensory afferent signals. The transplantation of GABAergic precursor cells 

investigated the effect of local activation of GABAergic system in DRG on peripheral pain signal 

transmission. Results (1) Direct GABA application to DRG reduced firing rate of DR instead of 

SN induced by injection of Capsaicin or Bradykinin to hindpaw of rat. Bicuculline, an inhibitor of 

GABAA receptor, increased firing rate in DR without stimulation to hindpaw. (2) Firings induced 

by noxious thermal or mechanical stimulations instead of non-noxious mechanical stimulation were 

significantly inhibited via applying GABA to DRG. Propagating impulses in C-fibers rather than 

A-fibers were filtered via activation of GABA system in DRG, which was because longer stem 

axons of C-fibers limited the influence of soma conductance on spike propagation. (3) Embryonic 

GABAergic progenitor cells from the medial ganglionic eminence transplanted into DRG enhanced 

filtering of nociceptive signals and alleviated chronic pain. Conclusion The integrating effect of 

GABA system in DRG on peripheral afferent signals was confirmed by in vivo electrological 
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recording. GABA system in DRG had selective gating/filtering effect on pain afferent signals, 

which could be used as an effective and safe target for pain therapy.  

Keywords: DRG; SN; DR; GABA; pain 

 

Back to top ↑ 

 

P-070 

Neuropeptide S mainly from Kölliker-Fuse nucleus promotes 

wakefulness through activation of cognate receptor-neurons in 

the paraventricular thalamus 

 

Yu-Feng SHAO, Chen-Chen CAI, Yu-Nong CHEN, Yan-Li REN, Gui-Juan LU, Jun-Fan XIE, Yi-

Ping HOU* 

 

Department of Neuroscience, Anatomy, Histology, and Embryology, Key Laboratory of Preclinical 

Study for New Drugs of Gansu Province, School of Basic Medical Sciences, Lanzhou University 

 

*E-mail: houyiping@lzu.edu.cn 

 

Abstract: Objective Neuropeptide S (NPS) is a neuromodulator that concentratively expressed in 

the Kölliker-Fuse nucleus (KF) and pericoerulear area (Peri-LC) in mice. NPS and its receptor 

(NPSR) system participates multiple biological effects, such as enhancing locomotor and 

exploratory activities, evoking anxiolytic-like effects, promoting wakefulness, and facilitating 

olfactory function and memory. The paraventricular thalamus (PVT), a newly identified area that 

critical for wakefulness, highly expressed NPSR suggesting that NPS-NPSR system may be 

involved in the regulation of sleep-waking states through PVT. Methods The present study was 

undertaken to investigate effects of NPS on the sleep-waking states through PVT using 

microinjection, immunohistochemistry, retrograde tracing and fluorescence in situ hybridization 
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(FISH) in mice. Results We found that PVT microinjection of 0.05 and 0.5 nmol NPS significantly 

increased the waking time (32.49 ± 5.08 min and 59.06 ± 7.95 min respectively, vs. 11.44 ± 3.24 

min seen with saline injections, p < 0.05 and p < 0.001) by delaying episode duration. The 

promoting effect of NPS was blocked by the selective NPSR antagonist [D-Val5]NPS. Ex vivo c-

Fos and NPSR immunohistochemistry revealed that NPS markedly enhanced Fos expression in the 

NPSR-immunoreactive neurons in the PVT. In addition, we combined retrograde tracing and 

fluorescence in situ hybridization to map the origin of NPS neurons. The results shown that 22.46 

± 4.44% and 21.10 ± 3.66% NPS neurons in the KF and Peri-LC input to PVT respectively. In total 

NPS neurons that input to PVT, 83.19 ± 4.08% neurons were from KF and 16.44 ± 4.44% neurons 

were from Peri-LC respectively. Conclusion The primary results show that NPS mainly from KF 

nucleus promotes wakefulness through activation of cognate receptor-neurons in the PVT.  

 

Keywords: neuropeptide S; neuropeptide S receptor; paraventricular thalamus; antagonist; 

Kölliker-Fuse nucleus 
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Abstract: Chronic pain presents a major health burden and clinical problem, with ~30% prevalence 

of the world’s population. The current-generation analgesics for the treatments of chronic pain rely 

primarily on antiepileptic drugs, antidepressants, opioids, capsaicin and non-steroidal anti-

inflammatory drugs. In the long-term treatment, those drugs were restricted by problems such as 

fewer analgesic effects, tolerance, dependence, respiratory depression, gastrointestinal reactions, 

and hypersensitivity et al. Safer and more effective treatment of chronic pain is the major problem 

in clinical use. Programmed cell death protein 1 (PD-1) is a member of the CD28 family that works 

as a crucial inhibitory receptor involved in various biological effects such as regulating T cell 

exhaustion, causing down regulation of the immune system responses, suppressing T-cells’ 

inflammatory activity, and enhancing self-tolerance. The PD-1 signaling pathway is associated with 

tumor cells form immune escape and recognized as an anticancer drug target for many years. 

Recently, PD-1 signaling pathway draws more attention from medicinal chemists because it was 

participated in pain regulation by activating the Src homology 2 domain-containing protein tyrosine 

phosphatase 1 (SHP-1). To the best of our knowledge, PD-1 signaling also has been involved in the 

regulation of μ-opioid receptor signals on nociceptive neurons to enhance morphine-induced 

analgesia and improve opioid-related adverse effects. In this study, we designed and synthesized a 

variety of small molecular peptides targeting PD-1 based on high-throughput screening. The in vivo 

results showed that the promising compound exhibited potent spinal antinociception in a series of 

preclinical pain models with minimal adverse effects. This novel peptide would open a new avenue 

for alleviating pain based on PD-1 signaling pathway. 

Keywords: chronic pain, PD-1, analgesic, adverse effect, SHP-1 
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Abstract: Objective Opioid receptors, the specific receptor of opioids, play potential roles in 

learning and memory, emotional response, addiction and so on. In the central nervous system, there 

are three types of opioid receptor: mu-opioid receptor (MOR), delta-opioid receptor (DOR) and 

kappa-opioid receptor (KOR), and their distribution is different in different brain regions.  

Cerebellum has received increasing attention in non-motor coordination functions, such as 

participating in cognition, learning and memory, and reward in recent years. Purkinje cell (PC) is 

the only efferent neuron in cerebellum, which constitutes glutamatergic synaptic connections with 

the parallel fiber (PF) formed at the axon terminal of granule cell. Studies have shown that opioid 

receptors are distributed and expressed during the growth and development of cerebellum cells.  

However, the distribution of opioid receptors and their subtypes in cerebellar PF-PC synapses and 

their effects on synaptic transmission are still unclear. This experiment is intended to clarify the 

distribution of opioid receptor subtypes on PF-PC synapses and the mechanisms of related synaptic 

transmission. Methods Whole-cell patch-clamp technique and pharmacological methods were used 
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to detect the effects of three different opioid receptor subtypes on synaptic transmission of PF-PC. 

Results (1) In the presence of picrotoxin, perfusion of MOR agonists DAMGO (2 μM) on the 

surface of cerebellar slices can significantly reduce the amplitude and area under the curve (AUC) 

of PF-PC excitatory postsynaptic currents (EPSCs), accompanied by an increase in pair-pulsed ratio 

(PPR) and its inhibitory effect on PF-PC EPSCs is concentration-dependent, which half maximal 

inhibitory concentration (IC50) is 5.18 μM. Perfusion of CTOP alone (1 μM) increase the amplitude 

and AUC of PF-PC EPSCs, and significantly decrease the PPR value. However, CTOP in 

conjunction with DAMGO could completely eliminate DAMGO-induced inhibitory responsed in 

PCs. (2) In the presence of picrotoxin, perfusion of DOR agonists DPDPE (500 nM) on the surface 

of cerebellar slices can reduce the amplitude and AUC of PF-PC EPSCs, accompanied by an 

increase in PPR and its inhibitory effect on PF-PC EPSCs is concentration-dependent, which IC50 

is 0.66 μM. Perfusion of naltrindole alone (1 μM) increase the amplitude and AUC of PF-PC EPSCs, 

and significantly decrease the PPR value. However, naltrindole in conjunction with DPDPE could 

completely eliminate DPDPE-induced inhibitory responsed in PCs. (3) In the presence of picrotoxin, 

KOR agonist U50488 (1 μM) had no significant effect on the amplitude, AUC and PPR of PF-PC 

EPSCs. Conclusion MOR and DOR may be present at the axonal terminal of PF in the mouse 

cerebellar cortex, but there is none or a small amount of KOR. Activation of MOR and DOR 

regulate PF-PC synaptic transmission via inhibiting the release of glutamate in cerebellar cortical 

in mice. 

Key words: mu-opioid receptor; delta-opioid receptor; Kappa-opioid receptor; parallel fiber; 

cerebellar Purkinje cell; synaptic transmission 
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Abstract: Objective As the incidence and prevalence of IBD is increasing worldwide, it has 

become a shared health care problem. Visceral pain is one of the main symptoms of IBD, causing 

considerable discomfort to patients and seriously reducing the quality of life. Accumulating 

evidences strongly suggest that electroacupuncture (EA) is effective in treating pain disorders, but 

the neurobiological mechanism is still unknown. This study explores the role of EA in pain and its 

mechanism. Methods Von Frey filaments was used to detect mechanical pain threshold and 

colorectal distension (CRD) was used to measure visceral pain sensitivity. Western blotting was 

used to test the expression of P2Y12 receptor. Results (1) EA relieved the mechanical pain 

threshold of TNBS model mice. (2) EA improved the visceral pain perception of TNBS model mice. 

(3) EA down-regulated the expression of P2Y12 receptor in mPFC of the TNBS mice. Conclusion 

EA relieves hyperalgesia in TNBS mice by inhibiting the expression of P2Y12 receptor in mPFC. 

Keywords: IBD; P2Y12 receptor; visceral pain; EA 
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Abstract: Objective: Mechanisms for electroacupuncture (EA) in cardiovascular  disease 

treatments remains unclear. Here, we studied whether the lateral hypothalamus(LHA) and the 

cerebellar fastigial nucleus(FN) were involved in the protection of EA stimulation on 

myocardial ischemia reperfusion injury. Methods: 60 SD rats were randomly allocated into 

sham operation, model, electroacupuncture, LHA+ and FN+ groups. The MIRI rat model was 

established by ligation of the coronary artery. Electroacupuncture was conducted at 

“Shenmen”-“Tongli” points in the heart meridian. The model was stimulated for 7 days before 

replication, while the sham operation and model groups received no electroacupuncture. The 

electrocardiogram was recorded, displacement of the ST segment and arrhythmia score were 

analyzed; pathological changes of apical tissue were observed by HE staining; expression of c -

Fos positive neurons was observed by immunofluorescence; the intercellular fluid was sampled 

using microdialysis, and the levels of glutamic and γ-aminobutyric acid in dialysate were 

determined using a high-performance liquid chromatography-electrochemical method. Results: 

After ligation, ST segment displacement of the model group was significantly higher than the 

sham operation and electroacupuncture groups, and lower in the latter than the LHA+ and FN+ 

groups. The arrhythmia score of the model group was significantly higher than the sham 

operation, electroacupuncture, LHA+ and the FN+ groups, and was significantly higher in the 

LHA+ and FN+ groups than in the electroacupuncture group. Pathological changes were greater 

in the model group than the sham group. Electroacupuncture at the cardiac meridian group was 

more effective than other paradigms in terms of c-Fos expression and glutamic acid (Glu) and 

γ-aminobutyric acid (GABA) levels. Conclusion: FN and LHA are involved in the mechanism 

by which electroacupuncture at the heart meridian alleviates MIRI. Electroacupuncture 

preconditioning plays a protective role in myocardium by regulating the release of Glu and 

GABA in LHA and FN. 
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Abstract: The medial prefrontal cortex (mPFC) is the advanced center for the recognition, 

processing and integration of sensory information such as pain. The processing mechanism of 

composition and structure of extracellular matrix involved in pain signal input and output is still 

unclear. We found that the expression of Tenascin-C and Nav1.6 in mPFC from mouse was 

significantly up-regulated under neuropathic pain. ChABC, a kind of extracellular matrix hydrolase, 

can significantly inhibit pain caused by chronic compression of sciatic nerve. And ChABC can 

reverse the expression of Tenascin-C and Nav1.6 in mPFC during the duration of pain. In addition, 

ChABC also reversed the encirclement of GABA neurons and the activation of GABA neurons by 

the perineural network in mPFC during the duration of pain. The results of co-immunoprecipitation 

and immunofluorescence co-localization showed that Tenascin-C and Nav1.6 were co-located in 

mPFC neurons and directly interacted with each other. In summary, ChABC modulates the 

occurrence of neuropathic pain by regulating the interaction between Tenascin-C and Nav1.6. 

These findings would provide scientific and experimental basis for the research and development 

of new drugs based on extracellular matrix remodeling and sodium channel. 
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Continuous intrathecal oxytocin infusion attenuates neuropathic 

pain by reversing the decreases in spinal KCC2 expression and 

function 

 

Abstract: Oxytocin (OT) is a promising target for therapeutic intervention of pain. The current 

understanding of analgesic mechanism of OT is mainly based on animal studies using single or 

several injections of OT. Little is known about the actions of continuous OT administration on pain 

processing. In the present study, we adopted continuous intrathecal drug delivery technique to 

compare the effects of a single and continuous intrathecal infusion of OT on neuropathic pain 

behaviours in mice and further explore the mechanisms underlying their analgesic properties. A 

single intrathecal injection of OT briefly relieved pain behaviours, whereas continuous intrathecal 

OT infusion attenuated the subsequent establishment and development of nerve injury-induced 

neuropathic pain behaviours through the activation of OT receptors. Supporting this behavioural 

finding, only continuous intrathecal infusion, but not short-term incubation of OT, reversed the 

nerve injury-induced decreases in spinal K+-Cl- cotransporter 2 (KCC2) function and expression, 

which may be caused by OT-induced activation of GABA inhibitory transmission. This result 

suggests that only continuous and relatively long-term use of OT may reverse the pathological 

changes caused by nerve injury, thereby mechanistically blocking the establishment and 

development of pain. These findings provide novel evidence relevant for advancing understanding 

of the effects of continuous OT administration on the pathophysiology of pain and its implication s 

for human therapy.  

 

Keywords: neuropathic pain; oxytocin; K+-Cl- cotransporter 2 (KCC2); GABAergic inhibitory 

transmission; continuous intrathecal drug delivery  
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Abstract: Objective Both human and animal studies have implicated the medial prefrontal cortex 

(mPFC) as a key brain region in controlling level of consciousness. Studies have shown that 

sevoflurane modulates γ-aminobutyric acid (GABA) type A (GABAA) receptors and potentiates 

GABAmediated (GABAergic) inhibitory synaptic transmission. GABAergic neurons in the cortical 

local circuits are divided into non-overlapping subgroups, and parvalbumin (PV)- and somatostatin 

(SOM)-expressing interneurons constitute two major subtypes. However, we know little about the 

functional differentiation among cortical PV and SOM interneurons (INs) responsible for 

consciousness. To elucidate the roles of PV and SOM INs in the control of the emergence and 

suppression of consciousness, we examined if inhibition of PV and SOM INs in the mPFC of mice 

can induce the recovery from sevoflurane anesthesia. Methods Cre-dependent DREADD 

chemogenetic approach selectively inhibited PV or SOM INs in the mPFC of mice to determine the 

effects on sevoflurane anaesthesia induction and emergence. Results Pharmacogenetic inhibition 

of SOM INs reduced the emergence time and δ power bands, enhanced the cortical β power bands 

during the recovery period of anaesthesia. By contrast, inhibition of PV INs shortened the 
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anaesthesia induction time and prolonged the time of recovery from anesthesia, enhanced the 

cortical δ power bands and decreased the β power bands during sevoflurane anaesthesia induction 

and emergence procedure. Conclusion PV INs and SST INs play different role in prefrontal 

network computations for control of emergence from sevoflurane anaesthesia. 

Keywords: Consciousness; sevoflurane; general anaesthesia; the medial prefrontal cortex 
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Abstract: Objective Dexmedetomidine (Dex), an α2-adrenergic receptor agonist, is widely used 

as a general anesthetic in surgery. Our study aimed to investigate the effects of Dex on malignant 

transformation of breast cancer and lung cancer cells. Akt pathway is closely related to the 

occurrence of tumors. We investigated whether and how the Akt pathway regulates the mechanism 

of action of Dex on breast cancer and lung cancer cells. Methods Breast cancer cell lines (MDA-

MB-231 and MCF-7) and lung cancer cell lines (A549 and SPCA-1) were treated with Dex. Cell 
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migration and proliferation were detected by scratch assay and CCK8 assay. The protein and RNA 

expressions of α2-adrenergic receptor, Akt, p-Akt were detected by Western blot and RT-PCR. 

Results The migration and proliferation of breast and lung cancer cells were enhanced in a dose -

dependent manner after the treatment of Dex in vitro. In addition, Dex up-regulated the expression 

of Akt and regulated the Akt pathway. Conclusion Dex promoted the malignant transformation of 

breast and lung cancer cells by activiting the Akt signaling pathway. 

 

Keywords: Dexmedetomidine; breast cancer cells; lung cancer cells; Akt 
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Abstract: Objective Studies show that acid-sensitive ion channel 1a (ASIC1a) mediates the 

occurrence of bone cancer pain. Acidification of tissue microenvironment is one of the 

characteristics of solid tumors. Previous studies show that ASIC1a is highly expressed in tumor 
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tissues. The purpose of this study is to investigate whether ASIC1a is involved in bone metastasis 

of tumor cells. Our study analyzed that the effect of ASIC1a on the migration and invasion of breast 

cancer in vivo and in vitro. Methods The expression of ASIC1a in breast cancer tumor tissues and 

para-cancerous tissues was detected by immunohistochemistry. Western blot and qRT-PCR were 

used to detect the protein and RNA expressions of β-catenin, Vimentin and E-cadherin. And 

calcium imaging was used to explore whether ASIC1a was involved in the epithelial-mesenchymal 

transformation (EMT) induced by acidic microenvironment through the regulation of [Ca2+] i. 

Results ASIC1a was highly expressed in the tissues of breast cancer patients. PcTx-1, an ASIC1a 

antagonist, could significantly reduce the migration, proliferation and invasion of tumor cells. 

Calcium imaging showed that PcTx-1 could inhibit acidity-induced elevation of [Ca2+] i and 

regulate the expression of β-catenin, Vimentin and E-cadherin. In vivo studies, inhibition of the 

ASIC1a could inhibit breast tumor growth. Conclusion The high expression of ASIC1a may be 

related to the malignancy of breast cancer cells. ASIC1a is associated with acid-induced elevation 

of [Ca2+] i, which contributes to the acidity-induced EMT. 

 

Keywords: ASIC1a; breast cancer cells; [Ca2+] i; β-catenin; epithelial-mesenchymal 

transformation 
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Abstract：Instinctive behaviors refer to those formed and genetically fixed by animals in the 

process of evolution. The hypothalamus is an important brain area that controls animals’ instinctive 

behaviors. Oxytocin is a nonapeptide with an impressive variety of physiological functions 

including regulating instinct behaviors: sexual behavior, maternal behavior, social interaction, 

stress coping. In addition to playing a predominant role in the sexual and maternal behavior of 

female, oxytocin have established roles in control mechanisms of male sexual behavior. 

Hypothalamic paraventricular nucleus (PVN) is an important nucleus that controls penile erectile 

function. Previous studies have mostly used pharmacological techniques and electrical stimulations 

of the PVN to identify the circuitry involved in the generation of penile erection. However, these 

studies lack the resolutions and specificity in manipulating oxytocinergic neurons.  We used 

chemogenetic and optogenetics techniques with more specificity in manipulating activity of 

oxytocinergic neurons, and confirmed the oxytocinergic neurons in the PVN play a vital role in 

penile erection. First of all, we verified the correlation between activity of oxytocinergic neurons 

and male sexual behaviors. We found that c-Fos-staining can be specifically observed in the 

oxytocinergic neurons in PVN after mating. Non-contact could induce the erectile function of mice, 

and up-regulate the c-Fos activity of the oxytocinergic neurons in PVN. Next, we employed Oxy-

ires-Cre mice to specifically activate oxytocinergic neurons by means of chemogenetic methods. 

The results showed that after activating the oxytocinergic neurons in Oxy-ires-Cre::hM3Dq mice, 

the erectile latency decreased by 70%, and the number of erections increased from 0 to 3.6±0.4. 

In contrast, we employed Oxy-ires-Cre::hM4Di mice to specifically inhibit oxytocinergic neurons 

in the PVN region, the results showed that the number of erections induced by apomorphine 

decreased from 1.2±0.4 to 0, and the number of erections induced by non-contact with female 

mice decreased from 1.6±0.6 to 0.3±0.3. The data indicates that oxytocinergic neurons in the 

PVN are necessary and sufficient in male erection behaviors. Finally, we injected rAAV2- SYN-

EGFP virus into PVN of male mice to trace the projection of oxytocinergic neurons, there are 

oxytocinergic axons in the sacral parasympathetic nucleus (SPN) in the spinal cord. In conclusion, 

we confirm that the central oxytocinergic neuron in the PVN play a vital role in sexual function.  

Keywords：erectile function; oxytocin; circuitry; paraventricular nucleus 
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Abstract: Voltage-gated sodium channels (Nav) play a crucial role in action potential generation 

of neurons. Previous studies revealed that, in the central nervous system (CNS), Nav1.1, Nav1.2, 

Nav1.3 and Nav1.6 are the dominant subtypes mediating action potential generation. It remains 

unclear whether other channel subtypes are expressed in CNS neurons. In this study, we examined 

CNS expression of the cardiac channel subtype Nav1.5. To investigate the distribution of Nav1.5, 

we created SCN5A-cre mice and bred them and Ai9 reporter mice (SCN5A-cre:Ai9), cells with 

SCN5A gene expression should also express tdTomato. By clearing the brain tissue with the 

PEGASOS method, we found that Nav1.5 shows a laminar/restricted expression pattern in the 

mouse brain. Surprisingly, Nav1.5-expressing cells present in the limbic system and the cerebral 

cortex. Nav1.5 positive cells are most abundant at the lateral septum. We next classified lateral 

septum neurons by their electrophysiological and morphological features. Electrophysiologically, 

lateral septum neurons can be classified into 4 types: regular spiking, phasic spiking, simple 

bursting and complex bursting cells. Interestingly, different cell types show unique morphological 

property. In particular, simple bursting cells show complex dendritic and axonal morphology, while 

regular spiking cells show much simpler neurites. Nav1.5-positive neurons contain both regular 

and complex bursting types of cells. These results suggest Nav1.5 subtype does express in the CNS 

neurons, they may contribute to the regulation of neuronal excitability and action potential 

generation in lateral septum neurons. Considering that lateral septum is an important hub in neural 

circuits mediating various behavioral manifestations, we speculate Nav1.5 play important roles in 

these behaviors.  
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Abstract: Tachykinins (TKs) are a kind of ancient and diverse neuropeptides, which are widely 

distributed in the bilaterians. The most notable feature of TKs is the conserved C-terminus 

(Protostomia: FXGXRamide; Deuterostomia: FXGLMamide). TKs mainly participate in the 

regulation of various physiological processes by acting on GPCRs. In recent years, some studies 

have shown that TKs may have a certain regulatory effect on feeding, but the specific mechanism 

remains unclear. Here, we sought to study potential roles of TKs in the Aplysia feeding network 

which has been well studied. First, using bioinformatics and molecular biology, we cloned the 

Aplysia TK precursor, which generates five forms of TK (among them, TK1-1, TK3-1 and TK3-2 

have conserved FXGXRamide motif at the C-terminus). Then, we determined the tissue distribution 

of the TK precursor using in situ hybridization. The results showed that TK precursor is present in 

all ganglia, especially the cerebral ganglia, indicating that it may participate in important 

physiological functions in Aplysia, including feeding. Next, we cloned six putative TK receptors 
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from the Aplysia CNS by RT-PCR and expressed them heterologously in CHO cells. Through IP1 

accumulation assay, we found that TKR398 and TKR447 can be activated by TK1-1, TK3-1 and 

TK3-2, indicating that they are the true receptors of Aplysia TK. Interestingly, the sequence 

difference between TKR398 and TKR447 is only at the intracellular C-terminus, which may be 

derived from alternative splicing of the same gene. In summary, we discovered and characterized 

the TK signaling system in the Aplysia. Our findings provide an important basis to the 

understanding of Aplysia TK system in the regulation of fundamental physiological processes, 

especially feeding behavior. 
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Abstract: Neuropeptides are the most diverse signaling molecules in the nervous system, which 

can regulate a variety of physiological functions and behaviors. The vasopressin/oxytocin 

superfamily is an evolutionarily-conserved nonapeptides involved in the regulation of a variety of 

physiological functions by acting on GPCRs in Bilateria. However, there are relatively few 

functional studies in invertebrates. Consequently, how vasopressin/oxytocin superfamily is evolved 

remain to be solved. We use an experimentally-advantageous molluscan model system, Aplysia 

californica, to study vasopressin/oxytocin signaling system. In gastropod mollusc, conus, 

vasopressin/oxytocin is present in either Lys-conopressin or Arg-conopressin forms. Here, we 

cloned vasopressin/oxytocin-like neuropeptide precursor and two putative vasopressin/oxytocin 

receptors from the Aplysia genome. Then we ligated the cloned Aplysia vasopressin/oxytocin -like 

neuropeptide precursor or the putative receptor sequences to pcDNA3.1(+) plasmid to determine 

their nucleic acid sequences. The predicted neuropeptide from the precursor has the same sequence 

as Lys-conopressin. To determine whether the Lys-conopressin would act on the cloned receptors, 

we transfected the two putative vasopressin/oxytocin receptor sequences in CHO-K1 cells, and then 

treated the cells with Lys-conopressin to determine the IP1 content of the cells. We found that the 

Lys-conopressin of Aplysia acted on one of the receptors, but did not act on the other. Thus, our 

findings provide a basis for further studies of the roles of vasopressin/oxytocin signaling system in 

the Aplysia neural networks. 
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Abstract: Objective Leucokinin-like peptides (LK) are first identified in cockroaches, and have 

since been identified in a number of invertebrate species, as well as G-protein coupled receptors 

for some LKs. Despite this progress, how diverse ligands might act on the receptors remain to be 

clarified. In a previous work, we have identified a precursor for Aplysia Leucokinin-like peptides 

(ALK) and found it to contain the greatest number of amidated peptides among LK precursors in 

all species identified so far. In addition, these ALK peptides contain motifs that are present in many 

other species, providing us a unique opportunity to examine the activity of these various ligands on 

their receptors. Method Using bioinformatics and molecular biology, we first identify the sequence 

of a putative ALK receptor. Then we express ALK receptor in a cell line to determine the ligand -

receptor relationship using IP1 activation assay. Results (1) The two most abundant peptides in the 

ALK precursor, i.e., ALK1 and ALK2, activate the ALK receptor, supporting the idea that it is 

indeed a receptor for ALKs. (2) Most of other, diverse native ALK peptides, of which all have the 

same motif with FXXWX-amide C-terminal, also activate the ALK receptor. (3) The most shared 

residues among different peptides in different species, Tryptophan (W) and Phenylalanine (F), as 

well as the amide terminal, are critical to receptor activation. Conclusion This work discovers the 

ALK receptor and functional characterize it, meanwhile provides insights on the specific residues 

of the ligands that are critical for the activation of a G-protein coupled receptor. 
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Abstract: Neuropeptides, as pervasive intercellular signaling molecules from the CNS, modulate 

a variety of behavioral systems in both protostomes and deuterostomes. Allatostatins are 

neuropeptides in arthropods that inhibit the biosynthesis of juvenile hormones. Based on amino 

acid sequences, they are divided into three different types in insects: allatostatin A, allatostatin B, 

allatostatin C. Allatostatin C was first isolated from Manduca sexta, and it has an important 

conserved feature of a disulphide bridge formed by two cysteine residues. Moreover, AST-C is the 

orthology of mammalian somatostatin, and it has similar functions with somatostatin such as 

modulating feeding behaviors and so on. Although AST-C has been widely studied in arthropods, 

few researches are reported among mollusks. In this study, we seek to identify AST-C in Aplysia 

californica. We cloned AST-C precursor from the genome of Aplysia. In situ hybridization 

experiments showed that the mRNA of AST-C precursor was expressed in the Aplysia CNS. We 

also predicted a 15-peptide with a disulfide bond through PrediSi and NeuroPred. Then we cloned 

allatostatin C receptor and found that it belonged to G protein coupled receptor through NCBI 

Conserved Domain Search. In addition, we showed that the predicted 15-peptide could activate 
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allatostatin-like receptor using IP1 accumulation assay. In summary, we have successfully 

identified Aplysia AST-C precursor and its allatostatin C-like receptor. Our findings provide a basis 

for further studies of AST-C in Aplysia and other mollusks.    

 

Key words: allatostatin C; allatostatin C receptor; Aplysia californica; feeding behavior; IP1 

accumulation assay  
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Abstract: Objectives Kv2.1 potassium channel is widely expressed in hippocampal and cortical 

neurons. It is the major delayed rectifier potassium channel subtype in the central nervous system. 

It has been known that Kv2.1 may participate in regulating the pathological process of 

neurodegenerative diseases such as AD. This research is to investigate the possible role of Kv2.1 
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inhibition in cognitive deficit. Methods Patch clamp recording was used to screen selective Kv2.1 

inhibitor, LTP recording and behavioral experiments were used to evaluate the protective effects 

of Kv2.1 inhibitor against learning and memory loss, and western bolt was used to explore the 

underlying mechanism. Results More than 300 small molecular compounds targeting at Kv2.1 were 

designed and synthesized. A selective Kv2.1 potassium channel blocker Zj8132, which dose-

dependently inhibited Kv2.1 currents with an IC50 of 220 nM, was obtained. Zj8132 showed very 

weak inhibitory effects on other subtype ion channels such as Kv1.5, Kv3.1, TREK-1, hERG 

potassium channels, and neuronal sodium and calcium channels with IC50 higher than 30 μM, 

indicating that Zj8132 is a selective inhibitor of Kv2.1. In vivo LTP recording showed Zj8132 

significantly improve scopolamine-induced LTP inhibition. Furthermore, continuous oral 

administration of Zj8132 10 mg/kg can significantly reduce the first time crossing the platform in 

the Morris water maze exploration experiment in rats with Aβ1-42 intracerebroventricular injection, 

indicating that Zj8132 improves the learning and memory as well as spatial cognitive dysfunction 

of AD models. Compared with the model group, the content of TNF-α in the hippocampus of rats 

in the Zj8132 administration group was significantly reduced, and IL-1β, BDNF and NGF were not 

significantly affected. These results suggest that Kv2.1 is expected to become a therapeutic target 

for the treatment neurodegenerative diseases and Zj8132 may become a potential candidate against 

cognitive deficits. 

Keywords: potassium channel; Kv2.1; LTP; neurodegenerative diseases; AD; cognitive deficits; 

neuroprotection 
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Abstract: RFamide peptides are a large, ancient family of peptides, at least two of which, 

NPY/NPF and CCK, are present in both invertebrates and vertebrates. Members of the RFamide 

peptide family play key roles in a variety of physiological processes. In marine mollusc  Aplysia, 

RFamide peptide family mainly includes five members, i.e., NPY/NPF-like, Luqin-like, FRFamide-

like, FMRFamide and CCK-like peptides. However, their cognate receptors, as well as the 

evolutionary and functional relationships of the RFamide signaling systems remain largely 

unknown. In the present study, we blasted and cloned RFamide putative receptors (i.e., NPF 

receptors: NPFR1 and NPFR2, Luqin receptor: LQR, FRFamide receptor: FRFR, and FMRFamide 

receptor) by RT-PCR, co-transfected these receptors and Gα16 into mammalian CHO-K1 cells, 

used IP1 activation assays to reveal that the putative receptors were activated by specific peptides,  

and obtained their EC50 values. We found (1) Activity analysis indicated that NPFR1 exhibited 

strong response upon stimulation by Aplysia NPF peptide (EC50 = 38.07 nM) and NPFR2 exhibited 

a weaker response (EC50= 2.82 μM); Also, EC50 of Luqin peptide with LQR was 35.32 nM, EC50 

of FRFamide with FRFR was 110.6 nM. (2) Upon activation by RFamide peptides with each 

corresponding receptor, further cross-activity analysis indicated that a high concentration (10 -4 M) 

of FRFamide peptide showed slight potency in activating NPFRs (NPFR1 and NPFR2), CCKRs 

(CCKR1 and CCKR2) and LQR. In addition, FMRFamide peptide (10 -4 M) showed slight potency 

in activating LQR and FRFR. This study provides the first systematic analysis on the molluscan 

RFamide signaling systems. Importantly, our findings on the cross-activity of RFamide peptides 

and their receptors provide novel insights for the critical factors that determine ligand-receptor 

activation. 

Keywords: RFamide; GPCR; IP1; cross-activity; Aplysia;  
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Abstract: Objective Using multi-color visible lights for independent optogenetic manipulation of 

multiple neuronal populations offers the possibility for the dissection of sophisticated brain 

functions and behavior. To mitigate invasive fiber insertion, infrared light excitable upconversion 

nanoparticles (UCNPs) with deep tissue penetration capability have been implemented in 

optogenetics. Here, we reported the NIR multi-color independent optogenetics using well-designed 

trichromatic UCNPs with excitation-specific luminescence. Methods The selectivity of emissions 

from UCNPs to three optogenetic proteins is identified by In-vivo and in-vitro electrophysiology 

recording. The function of UCNPs in living animals is measured in virtual reality. Results (1) The 

blue, green and red color emissions from UCNPs can be separately tuned to match respective 

spectral profiles of optogenetic proteins ChR2, C1V1 and ChrimsonR, which enables remote 

activation of three distinct neuronal populations independently under corresponding NIR 

excitations. (2) Such stimulation with tunable intensity achieved transcranial selective modulation 
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of the running speed of awake-behaving mice in virtual reality.  Conclusion Well-designed 

trichromatic UCNPs can achieve tri-color optogenetic manipulation by NIR. 

Keywords: UCNPs; optogenetics; NIR; virtual reality 
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Abstract: Objective Recently, changes in food composition and availability have contributed to 

the dramatic increase in obesity, and evidences support that hippocampus-dependant learning and 

memory processes are influenced by obesity. However, the mechanism of diet-induced obesity 

(DIO) affecting the hippocampal learning and memory are incompletely understood. The present 

study is to explore the possible involvement of Dopamine (DA) and its D1 receptor (D1R) of the 

hippocampal dentate gyrus (DG) in spatial learning and memory alteration induced by DIO. 

Methods DIO rat models were prepared by feeding with high-fat diet for 12 weeks. The spatial 
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learning and memory ability of rat was assessed by Morris water maze, and the DA concentration 

in the DG was determined by in vivo microdialysis and HPLC; and then the expressions of D1R, p-

PKA, p-AKT, and p-CREB were observed by Western blot. Next, the effects of D1 receptor in the 

DG on DIO-induced alteration of spatial learning and memory were examined by using 

microinjection of the antagonists (SCH23390) into the DG. Results (1) In DIO group, the spatial 

learning and memory were impaired, the DA level and D1R in the DG were increased, and the 

expressions of p-PKA, p-AKT, and p-CREB in the DG were decreased. (2) SCH23390 reversed the 

inhibitory effects of DIO on the spatial learning and memory, and the expressions of p-PKA, p-

AKT, and p-CREB in the DG. Conclusion Over-activation of DA-D1R signals in the hippocampal 

DG involves in DIO-induced spatial learning and memory impairment via inhibition of its 

downstream protein expression, including PKA, AKT and CREB.   

Keywords:  Diet-induced obesity; hippocampal dentate gyrus; dopamine; D1 receptor; spatial 

learning and memory 
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Abstract: The stabilization of central motor control is an important aspect for arousal states. The 

reticulospinal neurons in caudal pontine reticular nucleus (PnC) participate in diverse motor 

functions, including the regulation of postural muscle tone in wakefulness. The orexin innervations 

have been observed in the PnC region. However, the electrophysiological modulations for this 

arousal peptide orexin in PnC neurons are currently unknown. In the present study, taking 

advantage of the fact that the reticulospinal neurons located in the PnC can be clearly distinguished 

in acute brain slices based on their morphological and electrophysiological characteristics, the post - 

and pre-synaptic effects of orexin on the these neurons and the underlying mechanisms were 

investigated using whole cell patch clamp recordings. We found that orexin induced inward 

currents in all identified PnC reticulospinal neurons in a TTX-resistant manner. The orexin-induced 

inward currents were mediated by post-synaptic orexin-1 and -2 receptors, which were coupled to 

the opening of the non-selective cationic channels (NSCCs) upon activation. Intriguingly, the 

activation of post-synaptic orexin receptors also mobilized the endocannabinoid system and 

retrograde acted on pre-synaptic cannabinoid type 1 receptors (CB1Rs). This action led to the 

inhibition of mEPSC in PnC reticulospinal neurons, but not to affect mIPSC. Together, these results 

suggest that both the pre- and post-synaptic modulations by orexin in PnC participate in the 

modulation of reticulospinal neurons’ activities in a homeostatic manner, implying an important 

role for orexin in PnC mediated motor functions. 

Keywords: orexin; caudal pontine reticular nucleus; non-selective cationic channels; cannabinoid 

type 1 receptors 
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Abstract: Objective A large amount of evidence shows that the hydrogen sulfate (H2S) in the body 

play a protective role in the cardiovascular activity. However, the underlying mechanism is still 

unclear. The present study is to explore the peripheral and central change of kidney and brain in a 

Dahl salt sensitive (Dahl S) rat following a long-term high-salt diet (HSD) and concurrently 

administration of NaHS by intraperitoneally injection each day. Methods 24 young male Dahl S 

rats were randomly divided into four groups with one experimental and three control groups. The 

rats in experimental group were given HSD (containing 8% sodium) and concurrently 

intraperitoneal injection with NaHS (a donor of H2S,) with 8 weeks. The body weight, water and 

food intake were monitored each week. The blood pressure and heart rate were measured with tail-

cuff method. The tissues of the blood, heart, kidney, and brain were collected at the end of 

experiments. Results The exogenous H2S reduce the increase in the blood pressure, heart rate, 

consumption of water, the weigh of kidney and heart induced by HSD in Dahl S rats; The NaHS 

treatment also significantly reduce increase in the level of norepinephrine, urea nitrogen, cystatin 

C in serum induced by HSD; The H2S treatment ameliorates the glomerular structure disorder and 

increase of glomerular collagen fiber in rats in experimental group; Moreover, we found that HSD 

significantly reduced the total antioxidant capacity and antioxidant enzyme expression, increased 

the accumulation of malondialdehyde and expression of pro-apoptotic proteins (Bax, Cleaved 

caspase 3, Cleaved PARP), decreased the expression of anti-apoptotic proteins (Bcl-2), increased 

the expression of P50, P65 and phosphorylated P65 in hypothalamic paraventricular nucleus (PVN). 

All the changes induced by HSD can be attenuated by the H2S treatment. Conclusion H2S, to some 
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extent, decelerate blood pressure increase induced by HSD in Dahl S rats through inhibiting cell 

apoptosis and increasing the antioxidant capacity and in PVN. 

Keywords: Hydrogen sulfide; hypertension; reactive oxygen species; high-salt diet 
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Abstract：Objective Drug addiction refers to the intense craving of addictive drugs by the abuser. 

Methamphetamine (METH) is a powerful and highly addictive psychostimulant drug that mainly 

acts on the central nervous system (CNS) of the brain. Thioredoxin-1 (Trx-1) is ubiquitous in 

eukaryotes and maintains the redox state. Trx-1 counteracts oxidative stress by eliminating ROS 

and regulates transcription factors (NF-κB, p53 and AP-1) activity, inhibits apoptosis and protects 

neurons. The purpose of this study is to explore the effect and molecular mechanism of Trx-1 

overexpression on METH-induced (LTD). Methods Conditioned place preference (CPP) was used 

to detect the reward effects. Western blot was used to detect the molecules expression. Results 

Compared with wild-type mice, the overexpression of Trx-1 significantly inhibited the formation 
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of METH-CPP. METH induced LTD and Trx-1 overexpression induced LTD in the Hip, however, 

METH did not enhance LTD in Trx-1 overexpression mice. Trx-1 overexpression could restore 

Trx-1, the expressions of transcription factor EB (TFEB) and γ-aminobutyric acid (GABA) B 

receptor, neurogranin (Nrgn), neuronal differentiation factor 2 (NeuroD2) and cerebellin 1 

precursor (Cbln1) and inhibited the expression of tyrosine hydroxylase (TH), dopamine receptor 1 

(D1R), postsynaptic density protein-95 (PSD-95) and the phosphorylation of N-methyl-D-aspartate 

receptor 2B induced by METH in the Hip in mice after METH-CPP. Conclusion Trx-1 may 

regulate the expressions of dopamine system, glutamate system, GABAergic system, synaptic 

plasticity, and enhance lysosome endocytosis and GABA activity to induce LTD, then  inhibit the 

LTD caused by METH.  

Key words: Thioredoxin-1, Methamphetamine, Hippocampus, Long-term depression, Synapses 
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Abstract: Objective Sociality is vital for survival and health in many species, including human, 

primates and even rodent. But the neural network of social memory and social-valence memory is 
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poor understood. Methods In this study, we developed a new social paradigm to measure social 

reward and social memory capacity. We design a new apparatus where mouse can interact with 4~7 

mice. Results Though this apparatus, we found that mice show different preference depending on 

associated treatment. mice prefer the mouse with happy experience and avoid the one with sad 

experience. Together, this finding may provide a new insight into social identity capacity memory 

of rodent. 

Keyword: Social interaction; Social memory; Social behavior 
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Abstract: Objective Cerebellar long-term synaptic plasticity has been proposed to provide a 

cellular mechanism for motor learning. To investigate the mechanism of long-term synaptic 

plasticity induced by sensory stimulation at PF-PC synapses by electrophysiological and 

neuropharmacological techniques in mouse cerebellar cortex in vivo. Methods Following adult (6–

8-week-old) HA/ICR mice were anesthetized with urethane (1.3 g/kg body weight i.p.). The 
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craniotomy was drilled to expose the cerebellar surface corresponding to Crus II. Patch-clamp 

amplifier (axopatch-200B) was used to record the response of action potential evoked by sensory 

stimulation in cerebellar cortex Purkinje Cell. For induction of PF-PC synaptic plasticity, 240 

pulses air-puff stimulation (10 ms, 60 psi) delivered at 1 Hz. Results In the presence of Gabazine, 

a GABAA receptor blocker, sensory stimulation evoked PC to produce action potentials, suggesting 

that blocking the inhibitory afferent of MLI can record the PF-PC excitatory synaptic transmission. 

After 1 Hz (240 pulses) sensory stimulation, the number of facial stimulation evoked action 

potentials of PCs was increased in mouse cerebellar cortex, which was significantly higher than the 

control group. The results indicated that 1 Hz sensory stimulation can induce PF-PC LTP. Blocking 

the NMDA receptor activity could completely abolish the 1Hz sensory stimulation-produced PF-

PC LTP. Perfusion the selective GluN2A receptor antagonist PEAQX could block the LTP 

expression of PF-PC synapses induced by 1Hz sensory stimulation. However, In the presence of 

GluN2B receptor antagonist TCN237 failed to block PF-PC LTP. CB1 receptor antagonist AM251 

had no significant effect on PF-PC LTP. PF-PC LTP induced by sensory stimulation was 

independent of mGluR1 activation. Application of H-89, a PKA signal pathway inhibitor, 

completely blocked the PF-PC LTP in mouse cerebellar cortex evoked by 1 Hz sensory stimulation. 

However, blocking PKC signaling pathway did not prevent the induction of this LTP. Conclusion 

sensory stimulation can induce the PF-PC LTP through activation GluN2A receptor subtype, and 

via the PKA signaling pathway in CrusⅡ area of cerebellar cortex in mice.  

Keywords: Cerebellar cortex; Long-term plasticity; Sensory stimulation; GluN2A receptors 
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Abstract: Alzheimer's disease (AD) is a neurodegenerative disease characterized by the 

progressive degeneration of memory and cognitive function. Emerging findings have revealed that 

protein synthesis reduction and synaptic failure exist in AD patients. In this study, we explored the 

protein synthesis level in the cerebral cortex and hippocampus of APP/PS1 mice by polysome 

profiling-based translatomics. We further compared the alteration of translatome with 

transcriptome and proteome. Previously, we synthesized and identified a blood-brain barrier 

permeable small molecule C3, which showed ability to promote protein synthesis both  in vitro and 

in vivo. In this study, we found that C3 reduced amyloid plaque load and rescued synaptic long-

term potentiation in APP/PS1 mouse brain. Moreover, four-week administration of C3 restored the 

learning and memory ability of APP/PS1 mice, including the novel object recognition ability and 

spatial memory in Barnes maze.  

Keywords: Alzheimer's disease; protein synthesis; multi-omics; cognition 

This work was supported in part by Key-Area Research and Development Program of Guangdong 

Province (2019B030335001) and the National Natural Science Foundation of China (82071535) 

 

Back to top ↑ 

mailto:sophielshi80@gmail.com


The 14th Annual Meeting of Chinese Neuroscience Society 

P-096 

Assembly of subsynaptic nanoscale organizations during synapse 

maturation 

 

Shi-Yan Sun1, Ran Cao1, Ai-Hui Tang1,* 

 

1 CAS Key Laboratory of Brain Function and Disease and Hefei National Laboratory for Physical 

Sciences at the Microscale, School of Life Sciences, Division of Life Sciences and Medicine, 

University of Science and Technology of China, Hefei 230026, China 

 

*Corresponding author 

E-mail: tangah@ustc.edu.cn 

 

Abstract: Objective Subsynaptic organization of transmitter release and receptors is essential for 

synaptic function and even mild alterations could lead to neurological diseases. Nanocolumns align 

presynaptic release and postsynaptic receptor densities and therefore optimize the transmission 

efficiency. However, it remains to be demonstrated how these nano-structures are formed and 

maintained. The present study is to explore how subsynaptic nano-organizations are developed 

during synaptic maturation. Methods The synaptic proteins RIM1/2, GluA1 and PSD-95 in 

dissociated hippocampal neurons were stained and imaged with the stochastic optical 

reconstruction microscopy (STORM).  Self-defined sophisticated analytical methods were 

employed to analyze the nanoscale protein architectures. Results (1) The subsynaptic heterogeneity 

of synaptic proteins was not inherent but gradually organized during development. (2) The protein 

nano-organizations in pre- and postsynaptic compartments were largely correlated and developed 

coordinately with no evidence of one side leading the other. (3) The development of these nano-

organizations and trans-synaptic alignment were greatly suppressed when synaptic activity was 

blocked. Conclusion We characterized the evolvement of subsynaptic protein architectures during 

development and demonstrate a critical role of synaptic activities in establishing the nanocolumn 

organizations for matured synapses.  

Keywords: nanocluster, super-resolution, STORM, uPAINT, glutamate receptor. 
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Abstract: Amblyopia is a common disease in ophthalmology, mainly caused by abnormal visual 

experience during the critical period of the visual cortex. Clinical treatment of amblyopia in 

children is to cover the healthy eye and open the unhealthy eye to improve the visual function of 

original unhealthy eye within a critical period of visual cortex, however in adults, the correction 

effect of amblyopia is poor. Reducing the inhibition intensity in the visual cortex and resetting the 

excitatory/inhibitory balance of pyramidal cells are effective measures to activate the ocular 

dominance plasticity (ODP) of visual cortex in adult animals. Here we reported that securinine, a 

natural compound extracted from Euphorbia Officinalis reduced the IPSC in pyramidal cells of 

visual cortical slices. Injection of securinine in vivo also reduced the inhibitory current, enhanced 

the excitation current in L2/3 pyramidal neurons, and reset the excitation/inhibition balance in 

visual cortex. And more importantly, securinine induces a juvenile ODP in adult mice.  

Our studies provided more effective experimental evidence of securinine in reactivating the ODP 

in adult visual cortex and suggested a novel, natural candidate compound for future use in adult 

amblyopia therapy. 

Keywords: Amblyopia; Securinine; Ocular dominance plasticity; Cortical inhibition; Visual cortex 
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Abstract: Objective The monoamine neurotransmitter noradrenaline (NA) in cerebellum mainly 

comes from the projection fibers of NA neurons in locus coeruleus (LC), our previous study showed 

that NA could regulate the simple spike (SS) activity of Purkinje cells (PCs) in cerebellar cortex 

bidirectionally, but its regulation mechanism is not very clear. Methods In vivo cell attached and 

in vitro whole cell patch clamp recordings and pharmacological methods were applied. The effect 

mechanisms of NA on SS firing activity of PCs in the mouse cerebellar cortex were investigated. 

Results Application of NA could significantly reduce the SS but not complex spikes (CS) frequency 

in vivo in mice. NA also reduced the number of spikelets and the area under curve (AUC) of 

spontaneous CS in vivo in mice. However, blocking GABAA receptors, NA increase the frequency 

of SS, but still reduced the number of spikelets and AUC of spontaneous CS in vivo in mice; In 

vitro cerebellar slice, fixed CS number and discharge frequency, NA still increase SS frequency 

and decrease spikelets number and after hyperpolarization potential （AHP）of CS. Blocking 

GABAA receptors, NA decrease the amplitude of PF-PC excitatory postsynaptic current (EPSC), 

accompanied with a significant increase in paired-pulse ratio (PPR).  Application α2-

adrenergic receptor antagonist obviously inhibited the enhancement of NA on SS, while the α2-AR 

agonist can simulate the effect of NA on the increase of SS frequency. However, the β - AR blocker 
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did not significantly affect the enhancement of NA. Conclusion The noradrenergic neurons of LC 

could influent the integration and transmission of information of PCs by modulating information 

transmission of CF-PC synapse in cerebellar cortex.  

Key Words: noradrenaline; simple spike; complex spike; Purkinje cell; GABAA receptors; 

adrenergic receptors 
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Abstract: Objective To study the properties of spontaneous activity, and the mechanism of the 

change in spontaneous discharge frequency, resting membrane potential and postsynaptic potential 

of PVN magnocellular neurosecretory cells in Nppa knockout mice, by brain slice patch-clamp 

recording technique and neuropharmacological methods. Methods Male knockout mice aged 2-3 

weeks were used to record the electrical activity of PVN neurosecretory cells using brain patch 

clamp recording and neuropharmacological methods. Results (1) Under the current clamp 

recording conditions, PVN neurosecretory cells were sensitive to the injected current and showed 

obvious outward rectifying current. After injecting hyperpolarized step current into the 

magnocellular cells, the instant state membrane potential did not show obvious inward rectifying 

characteristics. (2) In the current-clamp recording mode (I = 0) with normal ACSF, the spontaneous 

discharge frequency of PVN magnocellular neurosecretory cells in the hypertensive mice was 

significantly higher than that in the control group, but the coefficient of variation did not change 

significantly. (3) When GABA inhibitory synaptic transmission was blocked, the frequency of 

spontaneous excitatory synaptic currents (sEPSCs) in Nppa knockout mice was significantly higher 

than that in control mice, but there was no significant difference in the amplitude of sEPSCs. (4) 

In the presence of non-selective ionic glutamate receptor antagonist Kynurenic acid (KYC), the 

spontaneous discharge frequency of PVN neurosecretory cells in Nppa knockout mice and control 

mice were inhibited. The decrease in spontaneous discharge frequency of PVN neurosecretory cells 

in Nppa knockout mice was significantly higher than that in control mice. (5) In the presence of 

GABAA receptor antagonist (picrotoxin), the frequencies of spontaneous inhibitory synaptic 

potential (sIPSP) of PVN neurosecretory cells in Nppa knockout mice and control mice were 

decreased significantly, the membrane potential increased significantly, and the excitability of the 

neurons increased significantly. The increase of sIPSP and membrane potential of neurosecre tory 

cells in control group was significantly higher than that in Nppa knockout mice. Conclusion The 

increase of excitability of magnocellular neurosecretory cells in PVN of Nppa knockout mice might 

due to the increase of glutamatergic synaptic input and the decrease of inhibitory GABAergtic input. 

Acknowledgments: This work was supported by the National Natural Science Foundation of China 
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Abstract: Objective Noradrenaline (NA) is an important neuromodulator in the cerebellum. We 

previously found that NA depressed cerebellar Purkinje cell (PC) activity and climbing fiber (CF)-

PC synaptic transmission in vivo in mice. However, the effect of NA on sensory information 

processing in cerebellar granule cell layer in mice remains unclear. Methods We investigated that 

the effect of NA on the facial stimulation-evoked synaptic transmission of mossy fiber-granule cell 

in cerebellum of urethane-anesthetized mice by electrophysiology recording technique and 

pharmacological methods. Results Cerebellar surface perfusion of NA (25μM) inhibited field 

potentials response in the cerebellar granule cell layer by air-puff stimulation of the ipsilateral 

whisker pad. NA decreased the amplitude and area under the curve of the onset response (N1). NA 

also significantly decreased the amplitude of the offset response (N2) and increased N2/N1 ratio. 

Blocked α-AR, but not β-AR, abolished the inhibition of NA on N1. Application of the α1-AR 

antagonist did not change the inhibition of NA on N1 and N2. However, application of the α2-AR 

antagonist completely blocked the inhibition of NA on N1 and N2. Moreover, application of α2-

AR agonist significantly decreased the amplitude of N1 and N2, and mimicked the effect induced 

by NA. Conclusion Our present results indicate that NA inhibited facial stimulation-evoked 

responses in the cerebellar granule cell layer via α2-AR activation, which resulted in the attenuating 

of excitatory parallel fiber inputs onto cerebellar PCs in mice in vivo. 



The 14th Annual Meeting of Chinese Neuroscience Society 

Acknowledgments: This work was supported by the National Natural Science Foundation of China 

(31760273, 32070986). 

Keywords: cerebellar, tactile, electrophysiology, granule cell layer, adrenergic receptors 

 

 

Back to top ↑ 

 

 

  



September 16-19, 2021 Chongqing 

P-101 ~ P-125 

 

 

P-101 

Effects of noradrenaline on sensory stimulus-evoked responses 

in the cerebellar molecular layer in vivo in mice 

 

Jun-Ya WANG1,2, Guang-Jian ZHANG3, De-Lai QIU1,2, Chun-Ping CHU1,2* 

 

1Department of Physiology and Pathophysiology, College of Medicine, Yanbian University, Yanji 

City, Jilin Province,133002, China  

2Brain Science Research Center, Yanbian University, Yanji City, Jilin Province, 133002, China 

3Department of Pain, Affiliated Hospital of Yanbian University, Yanji City, Jilin Province, 133002, 

China 

 

*Corresponding author 

E-mail: cpchu@ybu.edu.cn 

 

Abstract: Objective Abundant afferent fibers of locus coeruleus (LC) noradrenergic neurons 

project to the cerebellar cortex and deep cerebellar nuclei. Application of noradrenaline (NA) to 

cerebellar cortex induced a decrease in spontaneous simple spike (SS) firing activity and 

spontaneous complex spike (CS) firing activity of Purkinje cell (PC) in vivo in mice. However, the 

effects of NA on sensory information processing in the cerebellar molecular layer in living mouse 

have not yet been fully understood. Therefore, we examined the effects of NA on facial stimulation-

evoked field potential responses in the cerebellar molecular layer and to explore the role of NA on 

sensory information processing in the cerebellar molecular layer. Methods Adult ICR mice were 

anesthetized for tracheal intubation and craniotomy. The field potential responses of cerebellar 

molecular layer to air-puff stimulus on ipsilateral whisker pad were recorded by 

electrophysiological methods. Results (1) Application of NA at 25 μM of the cerebellar surface 

perfusion significantly reduced the amplitude, the area under curve and decay time of facial 
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stimulus-evoked inhibitory responses (P1) and excitatory response (N1), and increased the half 

width of the P1 and N1 in the cerebellar molecular layer. (2) The NA-induced decrease in the 

amplitude of P1 was concentration-dependence. (3) Alpha-AR antagonist, phentolamine, and α2-

AR antagonist, yohimbine, can block the NA-induced inhibition of facial stimulation-evoked 

responses. And application of α2-AR agonist, UK14304 can mimic the NA-induced effect of 

inhibition. (4) Application of α1-AR antagonist, prazosin or β-AR antagonist, propranolol has no 

effect on the NA-induced inhibition of facial stimulation-evoked responses. Conclusion LC-NA 

projecting fibers of cerebellum can inhibit glutamatergic and GABAergic responses induced by 

sensory stimulation through activating α2-AR. 

Keywords: noradrenaline, sensory stimuli, cerebellar molecular layer, α2-adrenergic receptor 
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Abstract: Objective Synapse, a highly organized structure that mediate the information exchange 

among neurons, widely exists in central nervous system (CNS). Chemical synapses secret distinct 

chemical substance such as glutamate 、 GABA 、 dopamine and other neurotransmitters to 

implement varied physiological process. The developing synapse must be refined to adapt to these 

precise functions. The refinement of synapse mediated by De/stabilizing factors such as activity 

and Ubiquitination. Activities can be classified as spontaneous activities, generated spontaneously 

within neural circuits, and experience-driven neural activities, evoked by environmental 

information. Accumulative evidence shows that the birth, migration, refinement and plasticity of 

neural circuits and other classical developmental events of neurons are not only significantly 

affected by experience-driven neural activities, but also by spontaneous activities. However, how 

spontaneous activities and experience-driven neural activities differentially regulating the 

development of synapse remains unclear. Here we selected Calyx of Held synapses in the auditory 

brain stem as a model to study the different effects of spontaneous activities and experience-driven 

neural activities on the development of synapses in the auditory system and the underlying 

mechanisms. Methods: Kir2.1 protein was overexpressed on Calyx of Held synapse to reduce 

neural activities at the presynaptic terminal through stereotactic injection of AAV. Whole-cell 

patch-clamp recording was conducted to analyze the change of electrophysiological characteristics 

compare to untransfected synapses. Results: (1) Overexpression of Kir2.1 dramatically suppressed 

neural activities in both P9-11 and P15-18 Calyx of Held synapses. (2) Suppression of neural 

activities resulted in an increase in the amplitude of eEPSC in P9-11 Calyx of Held synapse without 

changing their kinetic characteristics. (3) Suppression of neural activities resulted in increased 

amplitude and decreased frequency of mEPSCs in P9-11 Calyx of Held synapses. (4) In P15-18 

Calyx of Held synapse, suppression of neural activities has similar effects on eEPSC and mEPSC, 

except that suppression of neural activities didn’t change the amplitude of mEPSCs. Conclusion: 

spontaneous activity and auditory evoked activity are important to development of Calyx of Held 

synapses, but the underlying mechanisms are not identical. 

Key Words: Synaptic development; Spontaneous activity; The Calyx of Held synapse; mEPSC; 

eEPSC 
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Abstract: Objective α-Synclein(α-Syn) is a presynaptic physiological protein which is misfolded 

to form oligomers and deposited in neurons, causing toxicity to neurons. Studies have shown that 

the significant pathological feature of PD patients is the formation of Lewy bodies in the neurons, 

and one of the main components of Lewy bodies is α-Syn, therefore, α-Syn is closely related to PD. 

However, the physiological function of α-Syn remains unclear. Thus, we want to know how Ca2+ 

regulates α-Syn-mediated vesicle aggregation and the physiological function of α-Syn in synaptic 

transmission. Methods In this study, single-molecule vesicle imaging and patch clamp recording 

in brain slice were used to study the mechanism of α-Syn's interaction with membranes and its 

influence on synaptic transmission in vitro and in vivo, and then to explore the physiological 

functions of α-Syn. Results (1) The vesicle aggregation requires the binding of α-Syn and anionic 

lipid vesicles, and different concentrations of Ca2+ have different effects on α-Syn-induced vesicle 

aggregation. The cross-validated vesicle clustering experiment further confirmed this result. (2)  

CD spectroscopy experiments show that the phenomenon of promoting vesicle clustering presented 

by high concentrations of Ca2+ is caused by Ca2+ itself. (3) Overexpression of α-Syn has no obvious 

effect on the basic transmission of the calyx of held synapse. (4) Under high-frequency stimulation, 

overexpression of α-Syn reduces the success rate of synaptic transmission and reduces the synaptic 

fidelity of the calyx of held synapse. Conclusion Our results show that α-Syn mediates vesicle 

aggregation in vitro, this process is differently regulated by high and low concentration of Ca 2+. 

mailto:dongwei@swmu.edu.cn
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Moreover, α-Syn play a critical role in regulating the ability of a synapse responding to high 

frequency stimuli.  

Keywords: Alpha synuclein (α-synuclein); Ca2+; lipid vesicle; synaptic vesicle; synaptic 

transmission 
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Abstract: Lysosomes are involved in many cellular processes and their dynamic regulation is 

essential for maintaining cellular homeostasis and adapting to stress.  Neurons are highly polarized 

cells with a strong structural and functional compartmentalization; therefore, the positioning and 

dynamic of lysosome may be particularly crucial. Meanwhile, altered lysosome positioning is found 

in response to some disease-related mutations that are not directly involved in the positioning 

machinery. These observations suggest a strong impact of lysosome-positioning on neuronal 

functions, especially the synaptic plasticity, which, however, has never been directly tested. Here, 

we use optogenetics techniques to manipulate the distribution of lysosomes incultured hippocampal 

neurons by coupling LAMP 1 (lysosomal membrane protein 1) with different microtubule motor 

proteins or synaptic proteins through the interaction of light-controlled CRY2-CIBN subunits. 

While the basic synaptic properties were largely the same after the redistribution, the chemically 
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induced long-term potentiation (LTP) was strongly modulated in a lysosome-abundancy-dependent 

manner, and higher dendritic lysosome density led to stronger LTP. This modulation depended on 

the calcium released from the NAADP-dependent calcium channel on lysosomes. Moreover, in 

neurons expressing pathogenic mutant Huntingtin which induces Huntington’s disease, the 

abundance of lysosomes in the dendrites was reduced, and LTP was weakened. When lysosome 

distribution was improved optogenetically, the amplitude of LTP was restored. These results 

demonstrate a novel modulating mechanism of synaptic plasticity by lysosome positioning, and 

meanwhile reveal a new cellular mechanism underlying early cognitive decline in Huntington's 

disease, which could provide a theoretical basis for the design of new treating strategies. 

Key words: lysosome, hippocampal neuron, synapse, long-term plasticity, neurodegenerative 

disease 
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Abstract: Objective GABAergic signaling constitutes a major inhibitory neurotransmission 

system that plays crucial roles in the central nervous system, especially for maintaining the balance 

between excitation and inhibition of neuronal networks. Disruption of this balance is not only 

linked to several neuropsychiatric disorders including schizophrenia, autism, and epilepsy, but also 

implicated in autoimmune disease. However, the roles of GABAergic synapses in innate immunity  

remain unknown. The present study is to investigate the role of GABAergic synapses for innate 

immunity in response to pathogen infection. Methods The host-pathogen interaction model system 

of Caenorhabditis elegans (C. elegans) killing by human opportunistic pathogen P. aeruginosa was 

utilized. The fluorescence imaging and electrophysiology assays were used to investigate whether 

GABAergic transmission is affected by pathogen infection. Western blot and qRT-PCR were 

introduced to examine the levels of the component and the downstream genes of innate immune. 

The interaction between INS-31 and DAF-2 was identified by co-immunoprecipitation assay. 

Results (1) GABAergic NMJs suppress intestinal innate immunity. (2) Pathogen PA14 infection 

enhances the strength of GABAergic transmission. (3) GABAergic NMJ-mediated innate immunity 

requires the DAF-2/DAF-16 pathway but is independent of p38/PMK-1 signaling. (4) Muscular 

insulin-like peptide INS-31 is required for intestinal innate immunity. (5) INS-31 acts downstream 

of GABAergic transmission and upstream of DAF-2 to modulate intestinal innate immunity. 

Conclusion Our results reveal a novel signaling axis of synapse–muscular insulin–intestinal innate 

immunity in vivo. 

Keywords: GABAergic synapse; innate immunity; muscle; insulin signaling; intestine 
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Abstract: Autism spectrum disorder (ASD) is a highly heritable complex neurodevelopmental 

disorder. While the core symptoms of ASD are defects of social interaction and repetitive behaviors, 

over 50% of ASD patients have comorbidity of intellectual disabilities (ID) or developmental delay 

(DD), raising the question whether there are genetic components and neural circuits specific for 

core symptoms of ASD. Here, by focusing on ASD patients who do not show compound ID or DD, 

we identified a de novo heterozygous gene-truncating mutation of the Sentrin-specific peptidase1 

(SENP1) gene, coding the small ubiquitin-like modifiers (SUMO) deconjugating enzyme, as a 

potentially new candidate gene for ASD. We found that Senp1 haploinsufficient mice exhibited 

core symptoms of autism such as deficits in social interaction and repetitive behaviors, but normal 

learning and memory ability. Moreover, we found that the inhibitory and excitatory synaptic 

functions were severely affected in the retrosplenial agranular (RSA) cortex of Senp1 

haploinsufficient mice. Lack of Senp1 led to over SUMOylation and degradation of fragile X 

mental retardation protein (FMRP) proteins, which is coded by the FMR1 gene, also implicated in 

syndromic autism. Importantly, re-introducing SENP1 or FMRP specifically in RSA fully rescued 

the defects of synaptic functions and core autistic-like symptoms of Senp1 haploinsufficient mice. 

Taken together, these results elucidate that disruption of the SENP1-FMRP regulatory axis in the 

RSA may cause core autistic symptoms, which further provide a candidate brain region for 

therapeutic intervene of ASD by neural modulation approaches. 
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Abstract: Objective Parkinson's disease (PD) is a neurodegenerative disease that occurs in the 

middle-aged and elderly. There is increasing evidence showing that iron deposition in the SN might 

be one of the key factors in the pathogenesis of PD. However, the relationship between iron 

deposition and synaptic function in PD remains unclear. Methods Fluorescence microscopy, flow 

cytometry, western blotting, enzyme linked immunosorbent assay and other techniques were used 

in this study to investigate the effects of ferric ammonium citrate (FAC) on the expression of 

synaptic function-related proteins. Results (1) The intracellular labile iron pool and the level of 

reactive oxygen species were significantly increased, the mitochondrial transmembrane potential 

decreased in the FAC-treated primary cultured VM neurons compared with the control. (2) The 

expression of vesicular monoamine transporter-2 (VMAT-2) decreased in the FAC group compared 

to the control group. (3) The content of glutamate in the supernatant of the primary cultured VM 

neurons was increased in the FAC group compared to the control group. (4) The expressions of N-

methyl-D-aspartate receptor (NMDAR) subunits NMDAR1, NMDAR2A and NMDAR2B in the 

VM neurons were decreased in the FAC group compared to the control group. (5) The expressions 

of α-amino-3-hydroxy-5-methyl-4-isoxazole-propionicacid receptor 1 (AMPAR1) in the primary 

cultured VM neurons were decreased in the FAC group compared to the control group. Conclusion 

FAC can affect neuron function and dopamine homeostasis, and impair synaptic function by 

decreasing the expression of glutamate receptors. 

Keywords: Parkinson’s disease; Iron; Glutamate receptor; Synaptic function 
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Abstract: Objective The nicotine withdrawal symptoms may be related to the deficient dopamine 

transmission in the mesolimbic pathway, which originates in the ventral tegmental area (VTA). 

Exercise interventions may have positive effects on nicotine withdrawal. This study aimed to 

investigate the effects of aerobic exercise during abstinence on the inhibitory synaptic plasticity of 

the VTA dopamine neurons in nicotine addiction models. Methods 2 months old C57BL/6J mice 

were used in this study. All animals were randomly divided into saline sedentary group (SS), 

nicotine sedentary group (NS), saline exercise group (SE) and nicotine exercise group (NE). The 

nicotine addiction models were established by the conditioned place preference (CPP) procedure. 

SN and EN mice were given an intraperitoneal injection of nicotine (0.5 mg/kg) whi le SS and ES 

mice were given an injection of saline. During the time window of nicotine withdrawal, SE and NE 

mice were introduced to treadmill exercise (12 m/min for 10 min and 15 m/min for 50 min, 60 

min/d, 5 d/w, 2 weeks). The CPP assay was done after exercise interventions to evaluate the 

addiction-related behavior. Whole-cell patch-clamp was used to record spontaneous inhibitory 

postsynaptic current (sIPSC) and paired-pulse ratio of inhibitory postsynaptic current (IPSC PPR) 

from VTA dopamine neurons. Data were analyzed using two-way analysis of variance (ANOVA). 

The level of statistical significance was set at P<0.05. Result Exercise decreased nicotine-seeking 

behavior (CPP score after exercise, NS vs. NE, p<0.05). Exercise decreased nicotine withdrawal 

induced enhancement of the frequency of sIPSC (SS vs. NS, p<0.05; NS vs. NE, p<0.05) and the 
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amplitude of sIPSC in VTA dopamine neurons (SS vs. NS, p<0.05; NS vs. NE, p<0.01). Exercise 

decreased nicotine withdrawal induced enhancement of IPSC PPR of VTA dopamine neurons (SS 

vs. NS, p<0.05; NS vs. NE, p<0.05). Conclusion Exercise during abstinence reduces nicotine 

withdrawal induced enhancement of the inhibitory synaptic transmission in VTA dopamine neurons, 

which might be one of the neural mechanisms of exercise induced protection against nicotine 

withdrawal.  

Key words: nicotine withdrawal; exercise; VTA; synaptic plasticity  
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Abstract: It has been 40 years since the report of long-term synaptic plasticity on the rodent brain. 

Noninvasive brain stimulation provides a promising strategy to transfer such knowledge from 

preclinical models to the conscious brain of human subjects. Transcranial ultrasound stimulation 

(TUS) shows advantages in spatial resolution and penetration depth when compared to electrical or 

magnetic stimulation. Single element TUS pulse induces activation of the primary motor cortex. 

However, the effects of repetitive TUS (rTUS) on synaptic plasticity remain unelucidated. This 

study aimed to investigate whether the TUS stimulation to the left-M1 region could modulate the 

cortex excitability and the stop-signal task as the behavioural index to measure the TUS effect on 

inhibitory control function in healthy participants. A total of 24 healthy male subjects were 

recruited to take a cross-over study. Each participant was required to receive active TUS 

intervention and sham TUS intervention in random order, and the clinical measurements were 

conducted at both TUS interventions. 120% resting motor threshold (RMT) was used to elicit MEP 

at two-time points before TUS and three-time points after 15min TUS intervention. The stop-signal 

task (SST) was conducted before and after the TUS intervention. Results showed that TUS 

enhanced the amplitude of MEPs no less than 30 min. Besides, participants with active TUS 

intervention had reduced stop-signal reaction time (SSRT) compared with sham TUS intervention, 

suggesting the performance advantages of TUS intervention in the behavioural task. Furthermore, 

a positive correlation was observed between changes in MEP and changes in stop-signal delay. In 

conclusion, conditioning the human motor cortex using rTUS produces long-lasting, consistent, 

and significant effects on motor cortex physiology and behavior.  

Keywords: repetitive transcranial ultrasound stimulation, synaptic plasticity, motor cortex, stop-

signal task;  
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Abstract: The neuron is the basic unit of the nervous system for receiving, integrating, processing, 

and transmitting neural signals. As the neural connectome field is emerging, plenty of brain-wide 

long-range project neurons have been unveiled and reconstructed. It remains unclear how action 

potential (AP)-encoded neural signals are transmitted along the axon and encoded in these neurons' 

presynaptic sites where AP patterns are transformed into neurotransmitter release-associated 

signals. Here, taking advantage of in vivo whole-brain volumetric functional imaging and whole-

cell recording on larval zebrafish, we systematically examined the activities of brain-wide 

presynaptic varicosities of individual Locus Coeruleus (LC)-norepinephrine (NE) neurons. We 

found that somatic activities with as low as 2 APs at 2 Hz, can reliably evoke calcium responses at 

each varicosity in a global-spread manner. Interestingly, the functional properties of varicosities 

are significantly heterogeneous in both their response strength and frequency tuning, with an 

intermingled and homogeneous topographic organization at a coarse scale. However, nearby 

varicosities separated by less than 10 µm share similar functional properties, implying the existence 

of local functional motifs at a fine scale. Furthermore, this heterogeneity is stable since multiple 

presynaptic modulations mediated by NE auto-receptors, GABA receptors, and glutamate receptors, 

did not affect this topographic organization. Thus, our study suggests that neural signals are reliably 

transmitted along the axon and encoded in a local-order but global-disorder manner in individual 

brain-wide long-range project neurons, enabling an even modulation effect in a global scale but an 

uneven modulation effect in a local scale. 

Keywords: varicosity, Locus Coeruleus, norepinephrine, heterogeneity, zebrafish 
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Abstract: Objective Chronic mild stress induces depressive behaviors, with excitatory/inhibitory 

imbalance in the cerebral cortex. GABAergic interneurons in the anterior cingulate cortex (ACC), 

play a crucial role in major depressive disorder (MMD). Although there is also ample evidence 

indicating that the GABAergic system is altered in the medial prefrontal cortex after this aversive 

experience, how the synaptic activity in the GABAergic interneurons is affected by chronic 

adolescent stress still needs to study further. Methods The chronic mild restraint stress (RS) 

procedure was that mice were immobilized for 4 hours per day for 7 days (from 10 to 14 p.m.) in 

transparent 50-mL plastic conical tubes with many air holes to allow ventilation. Whole cell 

current-and voltage-clamps were used to measure spike frequency, action potential (AP) 

repolarization (half-width), afterhyperpolarization potential (AHP), spontaneous excitatory 

postsynaptic currents (sEPSCs), miniature excitatory postsynaptic currents (mEPSCs), spontaneous 

inhibitory postsynaptic currents (sIPSCs). The analyses were performed in GIN mice, a strain that 

displays EGFP-labeled interneurons in layer 2 or 3 of the anterior cingulate cortex. The open field 

test (OFT) and forced swimming test (FST) were used to measure depression-like behaviors in 

adolescent GIN mice. Results (1) It was found that an evident change in action-potential properties, 

RS increased AP half-width and AHP compared to CON groups. (2) In synaptic transmission, RS 

decreased the frequency in sEPSCs, but not affect in amplitude. Simultaneously, RS did not alter 

mEPSCs and sIPSCs. (3) Furthermore, RS decreased velocity and distance in open filed test, and 
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increased the percentage of immobility in forced swimming test. In addition, RS significantly 

reduced the weight of adolescent mice compared with CON groups. Conclusion Our study 

elucidates that chronic mild stress alters the action-potential properties of interneurons and 

evidently reduces excitatory synaptic transmission, which indicates RS retards the opening of 

sodium or potassium ions, and is appear to weak the excitability of interneurons in anterior 

cingulate cortex. Additionally, chronic mild stress does enhance immobility and decrease 

locomotion in adolescent mice, which implies adolescent stress increased depression-like behaviors. 

 Keywords: adolescent stress, interneuron, the anterior cingulate cortex, synaptic 

transmission  
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Abstract: Objective CREB-regulated transcription coactivator 1 (CRTC1) is highly expressed in 

brain tissue, especially in hippocampal neurons, which may significantly increase CREB 
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transcription activity. Although a few studies have reported that CRTC1 is involved in late-phase 

long-term potentiation (L-LTP), the roles of CRTC1 on paired pulse ratio (PPR), early-phase LTP 

(E-LTP) and long-term depression (LTD) have not yet reported, and the mechanism underlying 

CRTC1 involved in cognitive function and synaptic plasticity remains unclear.  Methods AAV-

CRTC1-shRNA was constructed and bilaterally microinjected into the hippocampus of mice using 

stereotaxic surgery. The behavioral tests include open field test (OFT), novel object recognition 

test (NORT) and Morris water maze (MWM). The field excitatory postsynaptic potentials (fEPSPs) 

were recording in the dentate gyrus (DG) region of hippocampal slices. The protein expression was 

measured by western blotting, and the fluorescence intensity of NeuN in hippocampal neurons was 

detected by immunohistochemical technique. Results (1) Knockdown of CRTC1 in hippocampus 

induced cognitive impairment shown by NORT and MWM tasks. (2) Knockdown of CRTC1 in 

hippocampus impaired E-LTP, L-LTP and LTD, but not basal synaptic transmission and PPR. (3) 

Knockdown of CRTC1 expression downregulated the expression level of PSD95. (4) Knockdown 

of CRTC1 reduced the number of mature neurons shown by the fluorescence intensity of NeuN in 

the DG region. Conclusion Knockdown of CRTC1 in hippocampus impairs synaptic plasticity and 

cognitive function, and downregulates the PSD95 expression level and the number of mature 

neurons. 

Keywords: CREB-regulated transcription coactivator 1; cognitive impairment; long-term 

potentiation; long-term depression; paired pulse ratio; hippocampus 
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Abstract: Objective Itch (pruritus) is an unpleasant somatic sensation that is accompanied by the 

desire to scratch. While itch provides a warning signal that protects us from potential threats in 

normal conditions, severe or chronic itch associated with dermatosis or systemic diseases is often 

difficult to alleviate and causes severe skin and tissue damage. In the brain, dopaminergic (DAergic) 

neurons are involved in the circuit mechanisms of the itch-induced scratches. The spinal cord is the 

primary center for the integration of sensory information. However, it remains largely unknown 

whether the dopamine system in spinal cord neurons is involved in itch modulation. Methods The 

itch behaviors were evaluated by the number of scratches. FISH with immunostaining and single 

cell RT-PCR were used to identify the characterization of dopamine receptor D1 neurons (Drd1+ 

neurons). Chemogenetics was used to manipulate the activity of Drd1+ and DAergic neurons. 

Electrophysiological recording was used to test the connection between Drd+ and GRPR+ neurons, 

and the excitability of Drd1+ neurons. Results (1) The Drd1+ neurons were excitatory and located 

mainly in spinal dorsal horn inner lamina II. (2) Most Drd1+ neurons were express GRP, but not 

GRPR or Npra. (3) Drd1+ neurons formed monosynaptic connection with GRPR+ neurons. (4) 

Drd1 antagonist attenuated acute and chronic itch and spinal c-Fos expression. (5) Drd1 

agonist increased the frequency of drd1-tdTomato+ neurons and enhanced the pruritogen-induced 

scratches. (6) Chemogenetic inhibition or excitation of Drd1+ neurons reduced or enhanced acute 

and chronic itch. (7) Brain A11 DAergic neurons projected to spinal cord and modulated the acute 

and chronic itch. Conclusion Drd1+ neurons in spinal dorsal horn form positive feedback control 

of acute and chronic itch and modulate by descending projection from DAergic neurons in A11 

area. 

Keywords: itch; dopamine receptor; GRP; GRPR; neurons; spinal cord 
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Abstract: β-galactoside α2,6-sialyltransferases II (ST6GAL2) belongs to sialyltransferases family 

that catalyzes sialylation of membrane glycoproteins and glycolipids and is involved in a variety  

of crucial biological processes. ST6GAL2 is expressed mainly in the embryonic and adult brain, 

however its function is largely unknown. Previously, we found elevated ST6GAL2 expression in 

the hippocampus of conditional DNMT1,3a knockout mice (CKO) that exhibited hippocampus-

dependent memory deficits. Consistently, virus-mediated upregulation of ST6GAL2 in the 

hippocampus of C57BL/6J mice caused memory deficits. Our findings thus suggest that elevated 

ST6GAL2 in the hippocampus inhibits learning and memory process. ST6GAL1, the homolog of 

ST6GAL2, was reported to be associated with Aβ production, therefore we examined Aβ 

accumulation in aged DNMT1,3a CKO mice (18-month-old) and found elevated Aβ accumulation 

in CKO mice compared to age-matched controls. Interfering ST6GAL2 expression in the 

hippocampus reduced abnormal Aβ accumulation, meanwhile alleviated memory deficits in aged 

DNMT1,3a CKO mice. We thus concluded that ST6GAL2 in the hippocampus is an important 
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modulator of cognitive function and its dysfunction contribute to the pathogenesis of Alzheimer’s 

disease. 

Keywords: ST6GAL2; DNMT; Hippocampus; Memory 
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Abstract  

Background: Nod-like receptor family protein 3 (NLRP3) inflammasome is activated after 

ischemic/reperfusion (I/R) injury, contributing to the microglial pyroptosis and further occurrence 

of neuroinflammation. However, whether argon, a promising gas protectant, has an effect on 

pyroptosis pathway related to inflammation after I/R injury is poorly understood. Here, we studied 

the anti-inflammatory and neuroprotective effects of inhaled argon (iAr2) on I/R injury in mice, and 
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its anti-inflammatory mechanisms and inhibition effects of NLRP3-mediated inflammasome after 

LPS induced microgliosis. 

Methods: The transient middle cerebral artery occlusion (tMCAO) model in mice and cellular 

inflammatory response model of the primary cultured microglial stimulated by LPS were utilized. 

The effect of iAr2 on the microglial pyroptosis was evaluated through measuring inflammatory 

activation and related proteins expression of NLRP3 inflammasome and pyroptosis axis. In order 

to further study its mechanism, MCC950 and NLRP3 -/- deficient mice were used to block the 

activation of NLRP3. 

Results: Our results showed that argon inhalation improved the damage of neurological function 

and alleviated the neuroinflammation after cerebral I/R in mice, via inhibiting the activation of 

microglial inflammation mediated by NLRP3 inflammasome. iAr2 simultaneously reduced the 

expression of pyrotosis-related mRNAs and proteins (NLRP3, ASC, Caspase-1), decreased the 

release of IL-1β and IL-18 inflammatory factors. In vitro studies showed that argon incubation 

inhibited the activation of M1 microglia and NLRP3 inflammasome-mediated inflammation. 

Finally, our results showed that, with MCC950, a selective NLRP3 inhibitor, or in NLRP3 -/- 

deficient mice, neuroprotection effect of iAr2 was interrupted after the inhibition of NLRP3 

inflammasome-mediated inflammation pathway. 

Conclusion: This study shows that argon treatment can attenuate cerebral injury via inhibition of 

NLRP3 inflammasome activation and microglial pyroptosis in vivo and in vitro, which revealed 

the critical role of argon in the anti-inflammatory response mediated by inhibition of NLRP3 

inflammasomes in microglia, providing a potential mechanism for argon as a promising 

neuroprotectant. 

Key Words: argon; nod-like receptor protein 3; inflammasome; ischemic/reperfusion injury; 

microglial pyroptosis 
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Abstract: Objective Neuropeptide S (NPS) is an endogenous peptide, selectively binding and 

activating G protein-coupled neuropeptide S receptors (NPSR) to play the important physiological 

roles. Neuropeptide S has already been shown to be involved in maintaining memory and promoting 

wakefulness. However, it remains unclear that how NPS improves learning and memory while 

reducing sleep. The present study aims to explore the roles and underlying mechanisms of NPS on 

motor learning. We examined the impact of NPS on postsynaptic dendritic spines of L5 pyramidal 

neurons in the mouse primary motor cortex after motor learning.  Methods The mice were trained 

to run on an accelerating rotarod, received the intracerebroventricular injection of NPS, and then 

the performance was tested 24h later. The sleep status after NPS injection was monitoring by 

EEG/EMG recording. By using transcranial two-microscopy, the postsynaptic dendritic spines of 

L5 pyramidal neurons in the mouse primary motor cortex were repeatedly imaged, and the plasticity 

of dendritic spines was analyzed post hoc. Results (1) NREM sleep and REM sleep were reduced 

after NPS injection. However, performance improvement was significantly higher in the NPS-

injection group. The effects of sleep reduction and performance improvement induced by NPS were 

blocked by application of the NPSR antagonist SHA 68, suggesting that NPS promotes motor 

learning by NPSR. (2) Most of learning induced new spines were eliminated subsequently. 

However, elimination of newly formed spines was significantly lower in NPS-injection group. 

Furthermore, NPS also strengthened the survived new spines. Conclusion NPS promotes 
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performance improvement of motor learning by maintaining and strengthening the newly formed 

spines. 

Keywords: Neuropeptide S; Synaptic plasticity; Motor learning. 
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Abstract: Endocannabinoids (eCBs), including anandamide (AEA) and 2-arachidonoylglycerol (2-

AG), are retrograde neuromodulators that play important roles in a wide range of physiological 

processes. However, the release and in vivo dynamics of eCBs remain largely unknown, due in part 

to a lack of suitable probes capable of detecting eCBs with sufficient spatiotemporal resolution. 

Here we developed a series of genetically encoded eCB sensors, which consist of the human CB1 

cannabinoid receptor fused to a circular-permutated EGFP, providing proper cell membrane 

trafficking, second-resolution kinetics, and a robust fluorescence response at physiological eCB 

concentrations. GRABeCB2.0 shows specific fluorescent response to both two eCBs. Using this 

sensor, we monitored evoked changes in eCB dynamics in both cultured neurons and acute brain 

slices. Moreover, by expressing GRABeCB2.0 in the mouse brain, we readily observed foot shock-

elicited and running-triggered eCB transients in the basolateral amygdala and hippocampus, 

respectively. We also used GRABeCB2.0 in a mouse model of epilepsy and observed a spreading 

wave of eCB that followed a Ca2+ wave through the hippocampus. In addition to GRABeCB2.0 that 

responses to both eCBs, we also developed AEA and 2-AG selective eCB sensors by structure-

guided protein engineering based on GRABeCB2.0. GRABAEA1.2 and GRAB2-AG1.2 showed specific 

response to AEA and 2-AG respectively. Thus, GRABeCB sensors are robust probes for measuring 

the dynamics of eCBs under both physiological and pathophysiological conditions.  

Key words: endocannabinoid, 2-AG, AEA, fluorescent sensor, G-protein coupled receptors 
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Abstract: Serotonin (5-HT) is a phylogenetically conserved monoamine neurotransmitter 

associated with lots of important physiological functions, such as sleep-wake cycles, appetite 

control, mood regulation, as well as learning and memory. Malfunction of serotonergic system also 

involves in depression, addiction, anxiety, and other neurological diseases. Therefore, deciphering 

the precise dynamics of 5-HT with high sensitivity, high spatiotemporal resolution and good cell 

specificity is essential for understanding its physiological and pathological roles under different 

conditions. Based on the principle of GPCR Activation Based (GRAB) sensors, we systematically 

developed a series of genetically-encoded 5-HT sensors named GRAB5-HT, including novel red 

5-HT sensors and improved green 5-HT sensors, by replacing the third intracellular loop (ICL3) of 

different 5-HT receptors with cpmApple or cpEGFP. The performance of sensors was further 

improved by semi-rational engineering of GPCRs and cpmApple or cpEGFP. We demonstrated that 

both the red and green 5-HT sensors could reliably detect the extracellular 5-HT in vitro and in 

vivo with large fluorescence increase, high spatiotemporal resolution and high molecular 

specificity. Thus, these newly developed 5-HT sensors will facilitate our understanding of 

serotonergic system both in health and in diseases. 

 Keywords: Fluorescent sensors, serotonin, GPCR 
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Abstract: Neuropeptides are key signaling molecules in endocrine and nervous system, regulating 

virtually all physiological processes, ranging from food ingestion, sleep & circadian rhythm, to 

body temperature regulation. To further understand their important functions in vivo, it is essential 

to monitor neuropeptide dynamics with high selectivity, sensitivity, and good spatiotemporal 
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resolution. However, a major obstacle to achieve the above goal is the lack of direct, sensitive, and 

non-invasive techniques to detect neuropeptides in vivo. Here, we developed a toolbox of GRAB 

(GPCR-activation based) sensors for various neuropeptides, including neuropeptide Y (NPY), 

somatostatin (SST), corticotrophin release factor (CRF), neurotensin (NTS), cholecystokinin 

(CCK), vasoactive intestinal peptide (VIP), vasopressin (AVP) and oxytocin (OXT) with unique 

molecular specificity. These fluorescent sensors utilize native GPCR ligand binding pockets as 

neuropeptide sensing modules and circular-permutated GFPs as optical reporters. With good 

plasma membrane localization and high signal responses to corresponding ligands, these sensors 

all show nanomolar to ten-nanomolar affinity and rapid kinetics, which are suitable for in vivo 

detection. Furthermore, these peptide sensors are able to reveal endogenous neuropeptides release 

in acute brain slices and in behaving mice. Both ex vivo and in vivo data show that GRAB 

neuropeptide sensors are capable to monitor neuropeptides dynamics. Further development of these 

sensors and their deployment will likely significantly enhance our understanding of neuropeptide 

release mechanisms, neuropeptide functions and regulation in physiological and pathophysiological 

conditions. 

Keywords: Neuropeptide detection; corticotrophin release factor; neurotensin; cholecystokinin; 

Fluorescent sensor 
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Abstract: As the first identified and synthesized neuropeptide, oxytocin plays an essential role 

both in mammalian peripheral and central physiological processes, including parturition, lactation, 

social and maternal behaviors. Oxytocin signals could enhance contact, trust and reliance among 

humans, and ameliorate social skills in patients with autism. Different from classical 

neurotransmitters, the release mechanisms of neuropeptides are largely unknown. The major 

obstacle for studying release mechanisms and functions of oxytocin is the lack of sensitive, specific 

and non-invasive tools to monitor its dynamic change with desirable temporal and spatial resolution. 

To address this problem, a novel genetically encoded oxytocin fluorescent indicator was developed, 

which is based on the GRAB strategy and named as GRABOXT1.0. GRABOXT1.0 presents good plasma 

membrane localization, excellent sensitivity and rapid kinetics in cultured cells. In the mouse acute 

brain slices, GRABOXT1.0 successfully probed the endogenous oxytocin release through the axon 

terminals in the ventral tegmental area (VTA) and the soma-dendrite in the paraventricular nucleus 

(PVN) in response to electrical stimulation. Pharmacological experiments further indicate that the 

axonal and soma-dendritic release of oxytocin are both calcium-dependent, but mediated by distinct 

voltage-gated calcium channels. Taken altogether, the newly developed GRABOXT1.0 sensor 

provides a powerful tool to monitor OXT dynamics and study neuropeptide release mechanisms in 

vitro and in vivo.  
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Abstract: Bioactive lipids, such as sphingosine-1-phosphate (S1P) and prostaglandin E2 (PGE2), 

serve as important signaling molecules in the regulation of energy homeostasis, cell proliferation, 

metabolic homeostasis, inflammatory processes, and many other physiological and pathological 

processes. To directly visualize the dynamics of these bioactive lipids with high specificity, single-

cell spatial resolution, and physiologically relevant temporal resolution, ideally in an in vivo system, 

we have developed a series of novel genetically encoded G-protein-coupled receptor (GPCR)-

activation-based (GRAB) sensors for lipids. GRABS1P and GRABPGE2 show good plasma membrane 

trafficking and high specificity both in cultured HEK293T cells and cultured neurons. GRABS1P 

has a wider dynamic range of up to 1000% ΔF/F0 and 2000% ΔF/F0 in HEK293T cells and cultured 

neurons respectively. GRABPGE2 shows about 600% ΔF/F0 in HEK293T cells. Moreover, we are 

now still under active improvement in more GRAB sensors for monitoring other important lipid 

signals, such as lysophosphatidic acid (LPA), prostaglandin F2α (PGF2α) and prostaglandin D2 

(PGD2). These powerful new tools would deepen our understanding of neuromodulation in the 

nervous system under physiological and pathological conditions. 

Keywords: Bioactive lipids; Fluorescent sensors 
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Abstract: Dopamine (DA) is a crucial monoamine neurotransmitter involved in many 

physiological and pathological processes. Genetically-encoded GPCR-activation-based sensors for 

DA (GRABDA) are powerful new tools for measuring DA dynamics reliably with high 

spatiotemporal precision in behaving animals. Here by tapping into different species and DA 

receptor subtypes, we optimized green fluorescent GRABDA sensors to achieve improved signal to 

noise ratio (SNR), sensitivity, molecular specificity and distinct pharmacology properties. Using 

fiber photometry recording, our DA sensors also enabled long-term and sensitive detection of DA 

dynamics in multiple brain region in mice. Red fluorescent sensors have distinct and well -separated 

spectra from those of green sensors and blue-light-excitable optogenetic tools, and therefore we 

developed red-shifted DA sensors (rGRABDA) with robust fluorescent change, sub-cellular 

resolution, sub-second kinetics and nanomolar-to-submicromolar affinity. After iterative 

engineering in fluorescent module and molecular scaffold, we further improved rGRABDA sensors 

with higher brightness and larger fluorescent increase in DA detection. By enabling the orthogonal 

mailto:yizhouzhuo@pku.edu.cn
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readouts of distinct neurochemical events, these new GRABDA sensors along with other indicators 

create avenue to study neurochemical signals and modulatory effects on neural circuits in animals 

under both physiological and pathological conditions. 

Keywords: dopamine, fluorescent sensors, G-protein coupled receptors 
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不同全身麻醉剂对动眼神经副核神经元兴奋性的影响 

 

王娜, 何超，胡志安* 
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通讯作者：胡志安，E-mail: zhianhu@aliyun.com 

 

目的：七氟烷、丙泊酚和异氟烷是临床广泛应用的麻醉剂，其产生全麻作用的机制尚不完全

清楚。近来有研究发现，异氟烷和丙泊酚等可通过激活视上核（Supraoptic nucleus，SON）、

外侧缰核等促睡眠神经元，进而发挥麻醉作用。我们前期实验结果表明，七氟烷可使动眼神

经副核（Edinger-Westphal nucleus，EW）c-fos 表达上调，并通过 EW 发挥麻醉效应。在此

基础上，本研究进一步探讨七氟烷，以及其它常用麻醉剂对 EW 脑区神经元兴奋性的影响及

机制。 

方法：膜片钳记录技术；神经药理学技术 

结果：在 SON 区，我们发现有 93 %的神经元可被异氟烷兴奋，异氟烷使这些神经元产生内

向电流，并提高其放电频率。而七氟烷可使 27 %的 SON 区神经元产生内向电流。这一结果

同前期文献报道一致，全身麻醉药可激活促睡眠神经元。 

mailto:zhianhu@aliyun.com
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在 EW 这一新的目标脑区，不同麻醉药物又有怎样的作用呢？在全细胞膜片钳的电压钳模式

下，发现七氟烷可以引起约 80 %的 EW 核团神经元产生内向电流，且具有浓度依赖性。在电

流钳模式下，七氟烷可引起膜电位发生去极化，并增加其放电频率。在阻断离子型谷氨酸受

体和 GABA 受体后，七氟烷仍可以引起 EW 核团神经元产生内向电流，表明七氟烷兴奋效应

是直接突触后效应。七氟烷的效应具有脑区特异性，对于 EW 周边脑区，七氟烷可引起 29 %

的神经元产生外向电流，使膜电位发生超极化，降低放电频率，而七氟烷对其余 71 %的神经

元无明显作用。 

与七氟烷类似，丙泊酚也可引起 EW 核团神经元产生内向电流。在电流钳下，丙泊酚使 EW

神经元放电频率增加，膜电位发生去极化。有意思的是，异氟烷对 EW 核团神经元兴奋性没

有影响。在电压钳下，异氟烷对 EW 核团神经元膜电流无明显作用。在电流钳下，异氟烷也

不影响其膜电位及放电频率。 

结论：七氟烷和丙泊酚可激活 EW 核团神经元，而异氟烷确无明显效应；七氟烷通过直接的

突触后机制产生兴奋效应；七氟烷和丙泊酚对 EW 核团神经元的兴奋作用可能与其发挥全麻

作用相关。 

 

Back to top ↑ 

 

 

P-124 

睡眠期 MT3R 介导记忆脑区突触相关蛋白磷酸化的稳态恢

复，促进睡眠后新的学习记忆形成 
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目的：突触稳态学说认为，在觉醒期进行学习记忆时神经元处于活跃状态，神经元之间的突

触相关蛋白磷酸化水平升高，导致突触体积增大，数目增加。在睡眠期间，突触强度重新标

准化，突触相关蛋白磷酸化水平降低，体积缩小，数目减少，。目前对于突触稳态恢复的机

制尚不清楚。褪黑素作为重要的促睡眠体液因子，是否以及如何参与到突触稳态恢复中的机

制尚未清楚。 

方法：Crisper/cas9 基因敲出技术；学习记忆行为检测技术；EEG/EMG 记录技术；Western 

blotting 

结果：应用 EEG/EMG 记录技术，发现褪黑素 III 型受体基因敲出（MT3R-/-）后动物觉醒初

期（ZT12-ZT14）觉醒总时长变短，并呈片段化，非快速眼动（NREM）睡眠时长增加；

MT3R-/-动物全天 NREM睡眠期 theta频段升高，觉醒期 beta 频段升高和 delta 频段降低，提示

该蛋白敲除后睡眠深度变浅。在睡眠后（ZT4）对 MT3R-/-动物进行新物体识别学习任务检测，

发现MT3R-/-动物对新物体位置改变辨认能力显著下降。内嗅皮层是空间学习记忆的重要脑区，

睡眠期在内嗅皮层给予特异的 MT3R 阻断剂后，也能导致睡眠后的空间学习记忆障碍。 这些

结果提示，褪黑素可通过 MT3R 在睡眠期促进内嗅皮层记忆脑区突触稳态恢复，进而促进睡

眠后新的学习记忆。 

在睡眠期 MT3R 是否通过影响突触蛋白磷酸化，进而促进突触稳态恢复呢？应用 Western 

blotting 检测睡眠期（ZT4）的突触相关蛋白磷酸化水平，发现在睡眠期突触相关蛋白磷酸化

水平下降（P-Synapsin-1(S605)，Glutamate receptor 2(S880)，AKAP5，CaMKII-α (T286)），

在睡眠剥夺后磷酸化水平升高（Glutamate receptor 2(S880)，AKAP5，Glutamate Receptor 

1(S845)，Phospho-PKA Substrate），并MT3R受体特异性阻断之后睡眠期P-Synapsin-1(S605)，

Glutamate receptor 2(S880)，AKAP5，CaMKII-α (T286)磷酸化水平显著升高，突触稳态恢

复受损。 

结论：褪黑素能通过 MT3R 降低突触相关蛋白磷酸化水平，促进睡眠期间突触的稳态恢复和

睡眠深度的维持，进而有利于睡眠后新的学习记忆。 
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AXL signaling in primary sensory neurons contributes to the 

peripheral mechanism of neuropathic pain and mediates the 

analgesic effect of Electro-acupuncture  
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Abstract: Neurogenic chronic pain is a commonly occurring form of intractable pain in clinical 

practice, for which current analgesic drug treatments are relatively ineffective, with negative effects 

on patients’ quality of life. Clinical studies indicate that AXL,  which belongs to the tyrosine kinase 

receptor subfamily, mediates pathological pain. However, it is not clear exactly how AXL regulates 

pain behaviors. Here, by using the chronic compression of dorsal root ganglion (CCD)-induced 

neuropathic pain model, we demonstrated that AXL in dorsal root ganglion (DRG) involved in the 

peripheral mechanisms of neuropathic pain. We observed that both p-AXL and AXL were localized 

primarily on IB4-positive and calcitonin gene-related peptide-positive neurons, while AXL was 

also localized in neurofilament-200-positive neurons by double-labeling immunofluorescence. 

Chronic compression induced the increase of AXL mRNA and protein in injured DRG. Repeated 

intrathecal administration of the AXL inhibitor, TP0903, or the AXL small interfering RNA not 

only effectively alleviated CCD-induced pain hypersensitivities, but also reduced the expression of 

mammalian target of rapamycin in the injured DRG, suggesting mammalian target of rapamycin 
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may underline AXL signaling in pain conduction pathway. Electro-acupuncture (EA) has been used 

as clinic analgesic methods for many years. we further found that AXL involved in the analgesic 

effect of EA. By using spinal nerve ligation (SNL)-induced neuropathic pain model, we found that 

AXL signaling may also underlies EA analgesia. We applied EA at ‘‘Huantiao’’ (GB -30) and 

‘‘Yangling-quan’’ (GB-34) acupoints for 30 min daily from day 7 to day 10 after SNL. EA not only 

gradually attenuated SNL-induced mechanical allodynia, as shown by behavioral tests, but also 

suppressed the expression of phosphorylated AXL (p-AXL) and AXL in injured DRGs of SNL rats 

examined by western blotting and immunofluorescence. Meanwhile intrathecal injection of the 

subthreshold dose of AXL inhibitor TP0903 significantly prolonged the analgesic time of single 

EA treatment and enhanced and the analgesic effect of repeated EA treatments, suggesting the AXL 

inhibitor enhanced the analgesic effect of EA. 

In summary, AXL signaling may induce the expression of mammalian target of rapamycin in 

injured dorsal root ganglia to promote the development of chronic pain. Moreover, AXL might 

underlie the molecular mechanism of EA analgesia and combination of AXL inhibitor with EA is 

expected to be a new clinic analgesia strategy for chronic pain. 

Keywords:  AXL; mammalian target of rapamycin; Electro-acupuncture; neuropathic pain; chronic 

compression of dorsal root ganglion; spinal nerve ligation 
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Synaptotagmin-11 inhibits synaptic vesicle endocytosis via 

endophilin A1 
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Abstract: Objective Synaptic vesicle endocytosis (SVE) is a critical and well-regulated process for 

the maintenance of neurotransmission. We previously reported that synaptotagmin-11 (Syt11), an 

essential non-Ca2+-binding Syt associated with brain diseases, inhibits neuronal endocytosis , but 
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the regulatory mechanisms were unclear. Methods FM1-43 dye uptake and discharge, membrane 

proteins extraction and pHluorin-tagged proteins dynamics were applied for identifying the 

Syt11 depletion phenotypes, while GST pull-down and co-immunoprecipition assay mapped 

the Syt11-endophilin A1(EndoA1)  interaction. The inhibitory effects of C2B-derived peptide 

which blocked Syt11-EndoA1 binding were confirmed by FM1-43 dye uptake and discharge 

and capacitance recording. Results (1) Syt11 deficiency caused accelerated SVE under sustained 

stimulation without affecting exocytosis and led to the abnormal membrane partition of synaptic 

proteins in hippocampal boutons. (2) Syt11 directly and Ca2+-independently interacted with the N-

terminus of EndoA1 via its C2B domain. (3)Syt11-C2B derived peptide (amino-acids 314–336) 

efficiently blocked Syt11–EndoA1 binding and application of this peptide inhibited SVE in wild-

type hippocampal neurons but not in EndoA1-knockdown neurons. (4) Intracellular application of 

this peptide in calyx of Held terminals effectively hampered both fast and slow SVE at 

physiological temperature. Conclusion Syt11 ensures the precision of protein retrieval during SVE 

by inhibiting EndoA1 function at neuronal terminals. 

Keywords: synaptic vesicle endocytosis; synaptotagmin; endophilin A1. 
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Wnt1 transported by exosomes activate WNT signaling pathways 

to modulate NSC proliferation 
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Abstact: Objective Previous studies indicated that activated astrocytes promote endogenous 

neurogenesis and the recovery of dopaminergic neurons via release of Wnt1 ligand in the animal 

models of Parkinson's disease (PD). Exosome has merged as a novel key mediator for cellular 

communication. Importantly, recent evidences indicated that exosomal Wnt ligand are involved in 

multiple processes such as angiogenesis and neural development. Our study aimed to generate the 

engineered exosomes derived from astrocyte and loaded with Wnt1 to specifically explore the effect 

of exosomal wnt1 on NSCs proliferation and its therapeutic potential to be used as a regenerative 

agent in PD related therapy. Method We generated the construct and made the stable cell line to 

overexpress Wnt1 ligand in IMA2.1 cells, a cell line derived from the mouse midbrain astrocytes. 

Exosomes derived from the modified IMA2.1 cells were collected via ultracentrifugation. The 

quality of collected exosomes are detected by nanoparticle tracking analysis (Nano ZS) and 

transmission electron microscopy (TEM). We further confirmed the enrichment and stability of 

exosomal-Wnt1 (EV-Wnt1) by western blot and ELISA assay. Meanwhile, the effect of EV-Wnt1 

on NSCs proliferation was detected by CCK8 and cell count analysis. We also detected the 

activation of Wnt/β-catenin pathways by immunocytochemistry and western blot. Results In our 

results, we successfully generate the stable cell line IMA2.1-W to overexpress Wnt1 ligand. By 

collecting the exosomes and detecting the EV-Wnt1, we demonstrated that Wnt1 is carried by 

exosomes and its half-life is significant longer than that of the free ligand. We also validated that 

EV-Wnt1 could activate downstream signaling pathways. Compared to the control exosome group, 

there was a significant increase of nucleus translocation of β-catenin in EV-Wnt1 treated NSCs, 

indicating that the treatment of EV-Wnt1 properly activated the classic Wnt/β-catenin pathways in 

the targeting cells. We also demonstrated that increased proliferation of NSCs in the presence of 

Ev-Wnt1. Functional studies also revealed that EV-Wnt1 protect NSCs against neurotoxin MPP+ 

induced cell damage. Conclusion In this study, we demonstrated that Wnt-1 can be successfully 

loaded on the engineered exosomes originate from IMA2.1 astrocyte cell line. Exosome could serve 

as a protective cargo for ligands to elongate the protein half-life and EV-wnt1 is able to activate 

classic wnt signaling pathway and modulate NSCs fate. Further studies will be carried to study the 

effect of Ev-Wnt1 on promoting the endogenous neurogenesis in the PD animal model.  
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IL-4 overcomes fibronectin aggregate-mediated inhibition of 

remyelination in organotypic forebrain slice cultures 
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Abstract: Failure of remyelination in the chronic demyelinating disease multiple sclerosis (MS) 

results in secondary axon degeneration and therefore contributes to disease progression. 

Fibronectin aggregates (aFn) are major constituents of the extracellular matrix in the MS lesion 

microenvironment that perturb remyelination by preventing oligodendrocyte progenitor cell (OPC) 

maturation and by interfering with proper activation of resident microglia and infiltrating 

macrophages. Here, we investigated whether IL-4, an endogenous activator of alternatively-

activated pro-regenerative microglia and macrophages, could overcome aFn-mediated inhibition of 

remyelination in organotypic forebrain slice cultures (OFSCs).  
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Our findings revealed that the TLR3 agonist poly(I:C) deposited aFn, and abolished remyelination 

following lysolecithin-induced demyelination in OFSCs. Interestingly, exogenous addition of IL-

4, but not IFN, increased the percentage of remyelinated axons in aFn-containing demyelinated 

OFSCs. IL-4 altered the morphology of Iba1-positive microglia and increased the number of 

CD206-positive microglia in aFn-containing demyelinated OFSCs, indicating an increased 

polarization towards alternatively-activated microglia. Furthermore, the release of proMMP7, a 

precursor of MMP7, capable of degrading aFn, was significantly enhanced in IL-4-treated 

compared to untreated aFn-containing demyelinated OFSCs. Moreover, when oligodendrocytes 

were exposed to IL-4 during development, their potential of myelin membrane biogenesis increased. 

Taken together, exogenously added IL-4 recovers remyelination at remyelination-impairing 

conditions as in the presence of aFn, presumably by modulating both microglia activation and 

oligodendrocyte myelination capacity. Hence, administration of IL-4 may be an attractive tool to 

overcome aFn-mediated remyelination failure in MS lesions. 

Keywords: fibronectin aggregates, remyelination, microglia, multiple sclerosis 
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Glutamine transporter Slc38a is indispensable for mouse brain 
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Abstract: Objective Glutamine, the most abundant amino acid in mammals, is critical for brain 

functions including the maintenance of the glutamate/GABA pool of presynaptic  vesicles and 

energy and ammonia metabolism. To fulfill these roles glutamine has to be taken into or released 

from cells by active transporters. Slc38a is a major route of glutamine transport from astrocytes 

and plays a critical role in glutamine metabolism. However, physiological importance of Slc38a in 

the brain remains to be studied. The present study is to explore the function of Slc38a in the brain 

using conditional knockout mice. Methods Mice with brain-specific deletion of Slc38a 

(Slc38aflox/flox, Nestin-cre (cKO)) were generated. Morphological changes of astrocytes and neurons 

were detected using immunofluorescence staining (IF) and Golgi staining. Molecular changes in 

astrocytes and neurons were examined using IF, metabonomic approaches and single-cell RNA 

sequencing. Results (1) The cKO mice have reduced body weight and were all suffered sudden 

unexpected death in epilepsy (SUDEP) within 17-29 postnatal days. (2) Astrogliosis were induced 

most in the hippocampus of cKO brain. (3) The number of dendrites and dendritic spines of cKO 

neurons were reduced. (4) GABA-positive cell numbers were reduced in cKO hippocampus. (5) 

The metabolism of amino acids and glucose were affected in cKO brain. Conclusion Slc38a plays 

an important role in normal development and function of mice brain. Future work Electron 

microscopy, electrophysiology and metabolic flux analysis will be conducted to evaluate the 

synaptic changes, excitatory/inhibitory changes, and glutamine metabolism changes, respectively. 

Keywords: Slc38a; astrocyte; epilepsy; glutamate/GABA-glutamine cycle; astrocyte-neuron 

interaction 
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Cyr61 promotes Schwann cell proliferation and migration 
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Abstract: Objective Schwann cells (SCs) play a crucial role in the repair of peripheral nerves. 

This is due to their ability to proliferate, migrate, and provide trophic support to axon regrowth. 

During peripheral nerve injury, SCs de-differentiate and reprogram to gain the ability to repair 

nerves. Cysteine-rich 61 (Cyr61/CCN1) is a member of the CCN family of matrix cell proteins and 

have been reported to be abundant in the secretome of repair mediating SCs. In this study we 

investigate the function of Cyr61 in SCs. Methods Cyr61 and c-Jun expressions were observed by 

immunofluorescence and Western blot assays. The proliferation and migration abilities of SCs were 

observed by Cell Counting Kit8 (CCK-8) and Transwell-based migration assays. Results We 

observed Cyr61 was expressed both in vivo and in vitro. The promoting effect of Cyr61 on SC 

proliferation and migration was through autocrine and paracrine mechanisms. SCs expressed αvβ3 

integrin and the effect of Cyr61 on SC proliferation and migration could be blocked via αvβ3  

integrin. Cyr61 could influence c-Jun protein expression in cultured SCs. Conclusions In this study, 

we found that Cyr61 promotes SC proliferation and migration via αvβ3 integrin and regulates c-

Jun expression. Our study contributes to the understanding of cellular and molecular mechanisms 

underlying SC’s function during nerve injury, and thus, may facilitate the regeneration of peripheral 

nerves after injury. 

Keywords: Schwann cells; Cyr61; proliferation; migration 
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Trifluoperazine inhibits cerebral edema after intraparenchymal 

hemorrhage through modulating AQP4 polarity distribution 
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Abstract: Objective: Cerebral edema is a common complication of cerebral hemorrhage. If not 

treated properly, it leads to poor prognosis such as paralysis or even death. AQP4 is an aquaporin 

on astrocytes, and its expression and polarity distribution increase in the early stage of intracerebral 

hemorrhage, which is involved in the formation of brain edema. The objective is to study whether 

regulating the polarity distribution of AQP4 can ameliorate edema after intracerebral hemorrhage 

(ICH) in rats. Methods: Trifluoperazine was intraperitoneally injected to inhibit polarity 

distribution of AQP4. Experimental intracerebral hemorrhage model was induced by injecting type 

IV collagenase into the caudate nucleus of rats. The rats were divided into sham-operated (Sham), 

ICH and TFP treated (ICH+TFP) groups. Neurological scores of all rats were measured by the 

Bederson scoring system on the 1d, 3d and 7d after ICH. Brain water content was calculated by 

dry-wet specific gravity method. The expression of AQP4 mRNA and protein in perihematomal 

tissues was detected by RT-PCR and western blot. The polarity of AQP4 was analyzed using 

immunofluorescence and image analysis program. Results: Compared to that in ICH group, the 

neurological score of rats showed obvious decrease in ICH+TFP group on 1d and 3d after ICH. 

TFP significantly ameliorated ICH-induced brain edema at 1d and 3d after ICH. TFP inhibited 

AQP4 mRNA and protein expression and the increase in the polarity distribution of AQP4 on 1d 
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and 3d after ICH. Conclusion: TFP, as an inhibitor of AQP4 expression and polarity distribution, 

can inhibit cerebral edema after intraparenchymal hemorrhage. It is expected to be an effective way 

and target to inhibit edema after cerebral hemorrhage by regulating the polarity distribution of 

AQP4.  

Key words: AQP4, polarity distribution, cerebral hemorrhage, cerebral edema 
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Abstract: Whether mature oligodendrocytes (mOLs) participate in remyelination has been disputed 

for several decades. Recently, some studies have shown that mOLs participate in remyelination by 

producing new sheaths. However, whether mOLs can produce new oligodendrocytes by asymmetric 

division has not been proven. Zebrafish is a perfect model to research remyelination compared to 
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other species. In this study, optic nerve crushing did not induce local mOLs death. After optic nerve 

transplantation from olig2: eGFP fish to AB/WT fish, olig2+ cells from the donor settled and 

rewrapped axons in the recipient. After identifying these rewrapping olig2+ cells as mOLs at 3 

months posttransplantation, in vivo imaging showed that olig2+ cells proliferated. Additionally, in 

vivo imaging of new olig2+ cell division from mOLs was also captured within the retina. Finally, 

fine visual function was renewed after the remyelination program was completed. In conclusion, 

our in vivo imaging results showed that new olig2+ cells were born from mOLs by asymmetric 

division in adult zebrafish, which highlights the role of mOLs in the progression of remyelination 

in the mammalian CNS. 

Keywords: Remyelination, Mature oligodendrocyte, Zebrafish, In vivo imaging, Asymmetric 

division 
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Abstract: Objective High-frequency stimulation (HFS) of the sciatic nerve leads to long-term 

potentiation (LTP) of C-fiber-evoked field potentials and long-lasting pain hypersensitivity in rats. 

The underlying mechanisms, however, are still not well elucidated. An increasing number of 

evidence demonstrates that astrocytes can metabolize glucose to L-lactate during neuronal 

activation and then deliver it to neurons, which play a critical  role in modulating synaptic 

transmission in central nervous system. In the present study, we investigated the role of the 

astrocyte derived L-lactate in the spinal cord in the spinal LTP and persistent pain following high-

frequency stimulus of the sciatic nerve in rats. Methods 50% paw withdrawal threshold was 

assessed with the up-down method. The level of L-lactate in spinal dorsal horn was measured by 

L-lactate Assay Kit. The plasticity of spinal dorsal horn was measured by C-fiber-evoked field 

potentials recording. AAV vector expressing the hM3Dq receptor (AAV-GFAP-hM3Dq-mCherry) 

was microinjected into the spinal dorsal horn. The expression of relevant proteins was measured 

by Western blotting. The action potentials of spinal dorsal horn neurons were recorded by whole-

cell current-clamp. Results (1) HFS of the sciatic nerve increased the level of L-lactate and 

expression of monocarboxylate transporters (MCT) 2/4, but not MCT1 in the spinal dorsal horn. 

Moreover, spinal application of DAB, an inhibitor of glycogenolysis, which decreased lactate 

synthesis, significantly prevented the induction of spinal LTP and decreased the expression of 

extracellular regulated protein kinases 1/2 (p-ERK1/2) and Arc/Arg3.1 following HFS. Spinal 

application of or AR-C155858, a MCT1/2 inhibitor also significantly prevented the induction of 

spinal LTP. (2) Spinal application of L-lactate induced LTP of C-fiber-evoked field potentials, 

increased p-ERK1/2 and Arc/Arg3.1 expression in the spinal dorsal horn, and increased the firing 

rate of neurons in the spinal dorsal horn. (3) Chemogenetic activation of dorsal horn astrocytes 

induced spinal LTP as well as mechanical allodynia, accompanied by L-lactate increase in the 

spinal dorsal horn. Conclusion L-lactate derived from astrocyte contribute to the central 

sensitization by enhancing the intrinsic excitability of spinal dorsal horn.  
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Abstract: Objective Most neurodegenerative diseases are caused by neuroinflammation which is 

mediated by activated microglia. The aim of this study was to investigate the effect of coelonin on 

lipopolysaccharide (LPS) induced inflammation in BV-2 microglia and related mechanism. 

Methods Coelonin co-treated with LPS (100 ng/ml) on BV-2 microglia. Nitric oxide (NO) and pro-

inflammatory cytokines tumor necrosis factor-α (TNF-α) productions were determined by Griess 

method and ELISA, respectively. Inducible nitric oxide synthase (iNOS) mRNA and protein 

expression were examined by Real-time PCR and Western Blot. In addition, molecular docking and 

circular dichroism analysis were used to explore the molecular mechanism of coelonin on the iNOS 

activity. Reactive oxygen species (ROS) content was studied by DCFH-DA probe. Furthermore, 

we determined the protein expressions of p-PKA and p-NF-κB p65 by Western blot and Cmpk2 
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mRNA level and mtDNA copies by Real-time PCR. Results Treatment of LPS (100 ng/ml) on BV-

2 microglia for 24 h successfully induced neuroinflammation. Coelonin decreased the NO 

production induced by LPS on a concentration dependent manner (0.5-5 μM) by blocking iNOS 

expression at both mRNA and protein levels. Moreover, molecular docking and circular dichroism 

analysis indicated coelonin could enter into the active site pocket of iNOS and change the 

conformation of iNOS. In addition, coelonin (5 μM) also significantly reduced LPS-induced 

production of TNF-α. Elevated ROS content induced by LPS was decreased by coelonin. 

Furthermore, coelonin significantly suppressed over-expressions of p-PKA and p-NF-κB p65 

protein and Cmpk2 mRNA level and abnormal mtDNA copies induced by LPS. Conclusion Our 

results demonstrated that coelonin inhibited NF-κB activation, suppressed the expression of iNOS 

and decreased the NO content. Meanwhile, coelonin also reduced TNF-α level, ROS content and 

mtDNA copies, indicating that coelonin alleviated the LPS-induced inflammatory response in BV-

2 microglia through suppression of NF-κB/iNOS signaling pathway.  

Key Words: coelonin; neuroinflammation; microglia; lipopolysaccharide 
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Abstract: Objective Specific niche is crucial for neural stem cells (NSCs) proliferation, 

differentiation and migration during neural development and neural regeneration. Glial cell,  

including astrocyte and microglia, is one of the very important components of NSCs niche, 

particularly after brain injury. We know that both NSCs and glial cells will be activated. However, 

the effects of glial cells on the biological behavior of NSCs is unclear. In the current study, NSCs 

proliferation and differentiation in vitro will be investigated after cultured in condition medium 

(CM) that from mixed glial cell culture system to clarify the potential effects of glial cell niche. 

Methods Glial cells, including astrocyte and microglia, were isolated from newborn rats and 

cultured in DMEM with 10% FBS for 14 days. After identified with GFAP and Iba1 

immunocytostaining and flow cytometry staining, those mixed glial cells were cultured in NSCs 

serum free medium for another 24 hrs. Then the medium was collected as CM. NSCs viability, 

proliferation and differentiation were detected by kit 8 testing, flow cytometry analysis, live cell 

imaging analysis and immunocytostaining after cultured in CM. Results (1) The ratio of two types 

glial cells in the mixed system was 2:1, which is similar with brain tissue of new born rat. (2) The 

viability of NSCs significantly increased after cultured in CM, as showed by the increased OD 

value, while, the proliferation dramatically attenuated as showed by the arrest of cell cycle in G0/G1 

phase and reduced total number of cells. (3) The neuronal differentiation was inhibited while the 

astrocytic differentiation was promoted, as showed by the reduced expression of Tuj1 and elevated 

expression of GFAP. Conclusion Signals from glial cell niche inhibited the proliferation and 

neuronal differentiation in vitro. Further investigation based on the interaction between NSCs and 

glial cells after brain injury is ongoing and it will benefit the discovery of new neural regeneration 

strategy.  

Keywords：Neural stem cells; Glia cell niche; Bio-behaviors; Proliferation; Differentiation 
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Abstract: Objective The volume-regulated anion channel (VRAC), composed of LRRC8 family, 

is critical for the regulation of cell volume in vertebrates. The astrocytic and neuronal VRAC 

aggravated brain injury in ischemic stroke. However, little is known about the roles of VRAC on 

phagocytes and brain damage after intracerebral hemorrhage (ICH). Here, we investigated the 

function of the LRRC8/VRAC after ICH. Methods We used Western blot and immunofluorescence 

staining to detect the protein level and localization of LRRC8A after ICH. Hematoma clearance 

was evaluated by hematoma volume and hemoglobin content calculation in vivo. Acute outcomes 

were measured by FJC staining, CV staining, CV/Fast blue staining and neurobehavior tests. We 

accessed the role of VRAC of microglia/macrophages (M/Mφ) by Phagocytic assay and using 

M/Mφ-specific lrrc8a depletion mice. We elevated the downstream effector by qRT-PCR, Western 

blot, and Phagocytic assay with neutralizing antibodies of CD36 in vitro and in vivo. Results 

LRRC8A upregulated after ICH and mainly expressed on M/Mφ in the perihematoma region. 

Blocking VRAC or selective depletion of lrrc8a in M/Mφ enhanced phagocytosis of M/Mφ through 
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upregulating the CD36 expression level, expedited hematoma clearance and alleviated neurological 

impairment in ICH models. Conclusion VRAC contributes to the phagocytosis of M/Mφ by 

regulating the CD36 level, which indicates the therapeutic potential of ICH. 

 Keywords: VRAC; ICH; M/Mφ; phagocytosis; CD36 
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摘要：痒觉常被与痛觉相提并论而在知觉体验和行为反应上又完全不同。近年来的研究报道

让我们对痒觉传导的神经通路已有较深的理解，然而非神经细胞在其中的作用仍鲜有报道。

包括我们的工作在内的大量先前工作表明，中枢小胶质细胞和外周单核细胞在痛觉过敏和慢

性痛产生过程中起关键作用。那么，小胶质细胞和外周单核细胞是否也参与痒觉的产生呢？

我们运用 CSF1R-flox/CX3CR1-CreER，iDTR/CX3CR1-CreER 和 iDTR/CCR2-CreER 等转基

因工具鼠特异性清除中枢小胶质细胞或外周单核细胞，观察小鼠的机械痒反应、组胺（HA）

或氯喹（CQ）模型的急性自发痒反应、及皮肤干燥（AEW）模型的慢性自发痒反应。结果

表明，清除小胶质细胞和/或外周单核细胞均不影响机械痒反应，也不影响急性热痛反应（甩

尾测试），但单独清除中枢小胶质细胞可显著降低 HA 和 CQ 模型的急性自发痒反应，也显

著降低 AEW 模型的慢性痒形成。以上结果提示：HA、CQ 等引起的急性化学痒传导通路与

急性痛或机械痒传导通路显著不同，它不仅需要外周感受器的激活，还需要小胶质细胞对中

枢传导通路的快速调制。 
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Abstract: Objective Microglia are the resident macrophages of the CNS and can respond rapidly 

to ischemia. A key component of the microglial response to ischemia is proliferation. However, the 

relationship between the proliferation of microglia and the degree of ischemia remains unclear. 

Here we aimed to investigate the proliferation of microglia in varying degrees of ischemic stroke.  

Methods Transgenic mice expressing GFP in microglia were used to establish a model of global 

cerebral ischemia with bilateral common carotid artery ligation (BCAL). Reperfusion was achieved 

after 20 or 60 min of ischemia. The division of microglia was imaged in live animals by using 

intravital two-photon microscopy. Laser scanning confocal imaging was used to explore the 

morphology of microglia, and immunofluorescence staining was used to evaluate the proliferation 

of microglia. Results (1) There were no marked changes in microglial morphology at 3 days after 

20 min of global cerebral ischemia, but marked de-ramifying was observed at 3 days after 60 min 

of global cerebral ischemia. (2) There was no significant microglial proliferation at 3 days after 20 

min of global cerebral ischemia, but significant microglial proliferation was found at 3 days after 

60 min of global cerebral ischemia. (3) Repeated live imaging revealed that division of microglia 

mailto:sxzhang@lzu.edu.cn
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occurred in the cerebral cortex after ischemia. Conclusion The proliferation and activation of 

microglia following cerebral ischemic injury are associated with the degree of ischemia.  

Keywords: Microglia; Global cerebral ischemia; Reperfusion; proliferation 
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Abstract：Objective Disrupted iron homeostasis in the substantia nigra (SN) is an important 

mechanism in Parkinson’s disease (PD). In our previous studies, we showed that 6 -

hydroxydopamine (6-OHDA) treatment increased the expression of divalent metal transporter-1 

(DMT1) gating iron influx and decreased the expression of ferroportin 1 (FPN1) gating iron efflux, 

leading to increased iron deposition in neurons. In astrocytes, 6-OHDA increased both DMT1 and 
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FPN1 expressions and iron traffic. However, the underlying mechanisms mediating these processes 

remain elusive. Methods In this study, using western blots to observe iron related proteins 

expressions and PKC pathway phosphorylation. Using astrocytes-neurons co-cultured system, with 

western blots, confocal, iron content assay kit, to observe iron traffic and iron content. Results (1) 

it is hypoxia-inducible factor 2α (HIF-2α) but not HIF-1α upregulates DMT1, FPN1 expressions 

and ferrous iron traffic in astrocytes. (2) PKC delta (PKC δ) phosphorylated by ROS or NO induces 

the activation of HIF-2α. Finally, we show that 6-OHDA accelerates iron traffic in astrocytes, 

which is the source of iron deposited in neurons. (3) 6-OHDA generated by auto-oxidation of 

dopaminergic neurons enhances iron traffic in astrocytes, increasing iron deposit in dopaminergic 

neurons. Conclusion Taken together these findings explain the mechanisms of iron metabolism in 

astrocytes and its role as “iron pump” in the nigral iron accumulation in PD, thus providing insight 

into the control of astrocytes function to protect neurons as therapeutic strategies of PD.  
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Abstract: Objective This study aimed to evaluate the anti-inflammation effects of Kaempferol in 

lipopolysaccharide (LPS)-activated BV2 microglia and the underlying molecular mechanisms. This 

will provide theoretical and experimental basis for the drug development of neuroinflammation  

related diseases such as Alzheimer’s disease. Methods BV2 microglia cells were stimulated by 

LPS to establish an inflammatory model in vitro and a neuroinflammatory model was established 

by stereotactic injection of LPS into the hippocampus. BV2 microglia cells were activated with 

LPS, and treated with different concentrations of kaempferol (0, 10, 20, 40, 80, 160, 320μmol/L) 

to determine the range of the concentration of kaempferol to be used in following experiments. The 

mRNA levels of inflammatory cytokines interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-1β 

(IL-1β) and tumor necrosis factor α (TNF-α) were detected by real-time RT-PCR. The phagocytosis 

of activated BV2 microglia treated with different concentrations of kaempferol (10, 20, 40 μmol/L) 

was determined by fluorescence emulsion beaf phagocytosis assay. The anti-neuroinflammatory 

effects of kaempferol on PC12 neurons are measurey by Cell Counting Kit-8. The expressions of 

IkB, p-IkB, Jak2, p-Jak2, STAT3 and p-STAT3 in cells were detected by Western Blot. Results (1) 

The MTT assay showed that kaempferol had no toxic effect on BV2 cells in the concentration range 

of 10-40 μmol/L. (2) The results of the CCK8 assay showed that the number of neurons in the LPS 

group was significantly decreased compared with that in the control group (P<0.05). Compared 

with the LPS group, the survival number of neurons in low, medium, and high concentration 

kaempferol groups was significantly increased. (3) The morphological changes of cells in the LPS 

group were obvious, the cell body became larger, the number of spindle-like protrudes extending 

to the poles was significantly increased, and the cell shape was pleomorphic. Kaempferol treatment 

(10, 20, 40 μmol/L) reversed morphological changes in the BV-2 cells compared with the LPS 

group. (4) The expressions of inflammatory factors including interleukin 1 beta (IL-1β), interleukin 

6 (IL-6), interleukin 8 (IL-8), and tumor necrosis factor-α (TNF-α) in the LPS group were 

significantly increased compared with the control group. Treated with different kaempferol 

concentrations were significantly decreased the levels of the inflammatory factors IL-6, IL-1beta, 

and TNF-alpha compared with those of the LPS-induced group. (5) The phosphorylation of JAK2 

and STAT3 were significantly upregulated in LPS-induced group, whereas kaempferol treatment 

significantly prevented the phosphorylation of JAK2 and STAT3 in LPS stimulated BV-2 cells. 

Conclusion Kaempferol can inhibit the release of inflammatory mediators and has an anti-

inflammatory effect by suppressing the activation of JAK2/STAT3 signaling pathways. 

Keywords: Kaempferol; Neuroinflammation; BV2 microglia; 
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Abstract: Objective The N-methyl-D-aspartate receptor (NMDAR) has been implicated in white 

matter injuries and seem to be a promising target for the development of new drugs to treat white 

matter damage in acute and chronic diseases. As the unique inhibitory subunit in the NMDAR 

complex, GluN3A’s functional role in the myelination has not been investigated yet. The current 

study explored the effect of GluN3A deletion on myelination. Methods The GluN3A KO mice 

were generated with CRISPR/Cas9 technique, and the myelination was reflected by the MBP 

expression and the number of oligodendrocyte. Results The myelination in the mPFC of GluN3A -

/- mice was disturbed, which were indicated by lower expression of MBP (myelin basic protein), 

the reduced CC1+/Olig2+ oligodendrocytes (mature OLs) and the reduced PDGFRα+/Olig2+ 

oligodendrocytes (immature OLs). Conclusion Dysfunction of GluN3A-containing NMDAR may 

inhibit myelination in mPFC through suppressing the development of oligodendrocyte lineage.  

Key words: GluN3A subunit; CRISPR/Cas9; Myelination; Oligodendrocyte 
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Abstract: Microvascular basement membrane (BM) plays a pivotal role in coupling astrocyte with 

endothelium to maintain the blood-brain barrier (BBB) homeostasis, however, the significance and 

precise regulation of the endothelial cell-derived BM component in the BBB remains elusive. Here, 

we report that conditional knockout of Atg7 in endothelial cells (Atg7 eKO) leads to astrocyte-

microvascular uncoupling in mice. Our results reveal astrocytic endfeet detachment from 

microvessels and BBB leakage in Atg7 eKO mice. Furthermore, we find that the absence of 

endothelial Atg7 downregulates the expression of fibronectin, a major BM component of the BBB, 

causing significantly reduced coverage of astrocytes along cerebral microvessels. Chromatin 

immunoprecipitation and functional characterization revealed that Atg7 triggers the expression of 

endothelial fibronectin via affecting the activation of cAMP-responsive element-binding protein. 

These results suggest that Atg7-regulated endothelium-derived fibronectin production is required 

for astrocytes adhesion to microvascular wall for maintaining the BBB homeostasis. Thus, 

endothelial Atg7 plays an essential role in astrocyte-endothelium coupling to maintain the BBB 

integrity. 

Keywords：astrocyte, endothelium, Atg7, basement membrane, blood-brain barrier, fibronectin 
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Abstract: Ataxia, characterized by uncoordinated movement, is often found in patients with 

cerebellar hemorrhage (CH), leading to long-term disability without effective management. 

Microglia are among the first responders to CNS insult. Yet the role and mechanism of microglia 

in cerebellar injury and ataxia after CH are still unknown. Using Ki20227, an inhibitor for colony-

stimulating factor 1 receptor which mediates the signaling responsible for the survival of microglia, 

we determined the impact of microglial depletion on cerebellar injury and ataxia in a murine model 

of CH. Microglial depletion reduced cerebellar lesion volume and alleviated gait abnormality, 

motor incoordination, and locomotor dysfunction after CH. Suppression of CH-initiated microglial 

activation with minocycline ameliorated cerebellum infiltration of monocytes/macrophages, as well 

as production of proinflammatory cytokines and chemokine C-C motif ligand-2 (CCL-2) that 

recruits monocytes/macrophages. Furthermore, both minocycline and bindarit, a CCL-2 inhibitor, 

prevented apoptosis and electrophysiological dysfunction of Purkinje cells, the principal neurons 
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and sole outputs of the cerebellar cortex, and consequently improved ataxia-like motor 

abnormalities. Our findings suggest a detrimental role of microglia in neuroinflammation and ataxic 

motor symptoms after CH, and pave a new path to understand the neuroimmune mechanism 

underlying CH-induced cerebellar ataxia.  
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Abstract: Objective Increasing studies demonstrated that an increase of the number of endocytosis 

vesicles of blood-tumor-barrier (BTB) increased its permeability by improving the expression of 

specific protein in biological membrane, such as Caveolin1. T cell-restricted intracellular antigen 

1 (TIA1), as a member of RBPs family, plays a role as an oncogene. LIM homeobox domain 6 

(LHX6) belongs to the LIM homeobox family gene, represented as a tumor suppressor. However, 

the role of TIA1 and LHX6 on the permeability of BTB by controlling Caveolin1 is still unclear. 

This research focuses on studying the effect and the possible mechanism of TIA1 on regulating the 

permeability of BTB by controlling LHX6 transcriptional activates Caveolin1. Methods Culturing 

human microvascular endothelial cells hCMEC/D3 (ECs) and glioma microvascular endothelial 

cells (GECs). Real-time PCR and Western blot assays were used to examine the mRNA and protein 

expression levels of TIA1, LHX6 and Caveolin1. Horseradish peroxidase (HRP) flux assay was 

presented to detect the permeability of BTB. Transmission election microscopy (TEM) was 

performed to observe the change of the number of endocytosis vesicles in GECs. Chromatin 

Immunoprecipitation (ChIP) assay was used to detect the binding effect of LHX6 and Caveolin1 

and clarify its binding sites. Results (1) TIA1 was upregulated while LHX6 was downregulated in 

GECs; TIA1 silencing and LHX6 over-expression could upregulate the expression of Caveolin1, 

increase the number of endocytosis vesicles, and thereby enhance the permeability of the BTB. (2) 

LHX6 silencing reversed the effect of TIA1 silencing on increasing the expression of Caveolin1 

and the permeability of BTB. (3) LHX6 regulated the expression of Caveolin1 directly by 

combining with its promoter region. Conclusion TIA1 silencing significantly up-regulated the 

expression of LHX6, up-regulated LHX6 could promote the expression of Caveolin1 by 

transcriptional activation, thereby increasing the permeability of the BTB. 
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Abstract: The blood brain-barrier (BBB) is a functional interface separating the brain parenchyma 

from the circulatory system and is essential for the homeostasis and function of the central nerve 

system. Pericyte, an important cellular component of BBB, serves as vital integrator and 

coordinator of BBB integrity, and its deficiency leads to cerebrovascular injury and BBB 

breakdown. However, due to the limit of genetic tools and relevant technologies, the direct roles of 

brain pericytes in cerebrovascular development are largely unknown. Here we made use of 

zebrafish as a model animal and established pericyte-relevant lines. Using these lines, we detected 

the in vivo dynamic changes of the BBB makers under normal and loss-of-pericyte conditions. To 

map loss-of-pericyte-induced transcriptional changes of brain endothelial cells (ECs) at single-cell 

level and relevant phenotypes in BBB functions and brain vasculature, we then performed single-

cell RNA sequencing (scRNA-seq), tracer analyses, gene-editing, and in vivo labeling of protein 

expression in pericyte-deficient brains. We found that brain pericyte loss caused a striking 

transcriptional shift of ECs from capillary to arterious fates without significant changes in known 

BBB-relevant genes, and this shift might be due to enhanced VEGFA signaling in ECs. Our study 

highlights an intriguing aspect of pericytes in regulating EC identity and BBB integrity, and 

provides insights into the importance of brain pericytes for BBB functions and brain homeostasis.  
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Abstract: Objective Traumatic brain injury (TBI) can induce rapid activation of microglia which 

mediating immune responses and executing phagocytic function in the brain. However, the two 

aspects function of activated microglia during the pathological development of TBI remains 

controversial. The present study is to explore the effect of microglia depletion before or after TBI 

on secondary brain injury and functional recovery. Methods Colony stimulating factor 1 receptor 

(CSF1R) inhibitor PLX3397 was used to eliminate 90% or 50% microglia. The evaluation of 

secondary brain injury and neurological function recovery was finished by flow cytometry, MRI 

and Neurobehavioral training and evaluation. Results (1) Pre-depletion of 90% microglia 

attenuated brain edema, reduced leukocyte infiltration in the brain and improved blood–brain 

barrier integrity at acute stage. (2) Delayed microglia depletion at early TBI aggravated tissue loss 

and impairs recovery of motor function. (3) PLX3397, whether initiated prior or after injury, 

significantly impaired function of hematoma clearance and caused long-term neurological 

impairment. Conclusion Pharmacological CSF1R modulation at early stage is an unfavorable 

strategy to combat TBI, phagocytic function of microglia facilitates neurological function recovery.  

 

mailto:jnzhang@tmu.edu.cn


The 14th Annual Meeting of Chinese Neuroscience Society 

Keywords: Traumatic brain injury, microglia, secondary brain injury, inflammation, blood-brain 

barrier, colony stimulating factor 1 receptor 

 

Back to top ↑ 

 

 

P-147 

Estrogen up-regulates expression of certain iron metabolism 

related proteins in BV2 microglia cells  

 

Yan Qu 1#, Na Li 1#, Manman Xu2, Danyang Zhang1, Bingjing Wang1, Junxia Xie2*, Jun Wang1,2* 

 

1School of Basic Medicine, Qingdao University, Qingdao 266071, China  

2Institute of Brain Science and Disease, Shandong Provincial Key Laboratory of Pathogenesis and 

Prevention of Neurological Disorders, Qingdao University, Qingdao 266071, China 

 

*Corresponding author: Prof. Junxia Xie, Institute of Brain Science and Disease，Qingdao 

University, Qingdao 266071, China (E-mail: jxiaxie@163.com); Prof. Jun Wang, School of Basic 

Medicine, Qingdao University, Qingdao 266071, China (E-mail: junwangqdu@163.com) 

 

# Yan Qu and Na Li contributed equally to this work. 

 

Abstract：Objective Estrogen is a steroid hormone produced mainly by the ovaries. It has been 

found that estrogen could regulate iron metabolism in neurons and astrocytes. The role of estrogen 

on iron metabolism in microglia is currently unknown. In this study, we will investigat the effect 

and mechanism of 17β-estrogen (E2) on iron transport proteins. Methods Western blot and enzyme 

linked immunosorbent assay were used to observe the expression of iron metabolism-related 
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proteins with or without ERβ and GPER blocker. Results：We found that following E2 treatment 

for 24h in BV-2 microglial cell lines, the iron importer divalent metal transporter 1 (DMT1) and 

iron exporter ferroportin 1 (FPN1) were up-regulated, iron storage protein ferritin (FT) was 

increased. The protein levels of iron regulatory proteins (IRPs) and hepcidin remained unchanged, 

but hypoxia inducible factor 1 alpha (HIF-1α) was up-regulated. Two kinds of estrogen receptor 

antagonist G15 (ERβ antagonist) and PHTPP (GPER antagonist) could block the effects of E2 in 

BV-2 microglial cell lines. Conclusion： These results suggest that estrogen could increase the 

protein expressions of DMT1, FPN1, FT-L and FT-H in BV-2 microglia cells, which were not 

related to the regulation of IRP1 and hepcidin, but to the upregulation of HIF-1α. In addition, 

estrogen might regulate the expression of iron-related proteins through both ERβ and GPER in BV-

2 microglia cells. 
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Abstract: During development, endothelial tip cells (ETCs) extending from the peri-neural 

vascular plexus penetrate into the brain, steer the sprouting vessel and finally merge with existing 

vessels to form new ones. The brain vascular network would be further expanded by continuous 

budding, growth and fusing of newborn vessels from preexisting ones. Microglia, the innate 

immune cells in the brain, are in intimate proximity to blood vessels during angiogenesis, and 

deficiency of microglia formation can cause the reduction of blood vessel density. However, how 

microglia affect vascular formation remains unknown. Here, by using zebrafish as a vertebrate 

animal model, we found that microglia play a permissive role for brain vessel growth via digesting 

extracellular matrix (ECM) around ETCs. Microglia deficiency by knocking out pu.1 and csfr1a, 

two critical genes for microglial survival, leads to a significant decline of overall brain vessel 

density in zebrafish. By using time-lapse in vivo imaging, we then found that microglia more 

frequently contact with ETCs than stalk cells. At subcellular level, we found that the growth ability 

of ETCs was proportional to the number of microglia contact, and microglia deficiency was 

associated with a decline in the growth ability of ETCs. Mechanistically, the express ion of acana, 

one of key ECM components, can be swallowed by microglia and was increased in the brain of 

microglia deficient zebrafish. Considering that ECM-based tissue stiffness can dramatically 

regulate ETC pathfinding and brain vascular development, we thus speculate that microglia may 

pave the way for ETC growth to promote brain angiogenesis by digesting ECM.  
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Abstract：The hippocampus is a medial cortical structure and is essential for learning and memory. 

Defects in hippocampal formation is often associated with neuropsychiatric disorders, such as 

epilepsy and schizophrenia. However, the detailed mechanisms underlying hippocampal 

development are elusive. Previously, we have shown that transcriptional regulation of Wnt 

signaling factor is important for hippocampal development. Here, we show that epigenetic 

regulation plays essential role for proper development of the hippocampus. We found that defects 

in methylation of histone resulted in a smaller hippocampus. Neural stem cells of the hippocampus 

failed to migrate to the subgranular zone, which further led to the aberrant structure of the dentate 

gyrus (DG). Thus, we identified the epigenetic regulator as a master regulator of hippocampal 

development.  
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Abstract: Chronic exposure to stressors can disrupt normal brain function and induce anxiety-like 

behavior and neurobiological alterations in the basolateral amygdala (BLA). Majority studies have 

showed that chronic stress disrupted neuronal functions or synaptic transmissions in BLA. But a 

recent research has demonstrated that chronic stress can generate abnormal (decreased number and 

modified structure) astrocytes in the BLA. Many studies have pointed out that astrocytes were 

involved in the regulation of neuronal functions or synaptic transmissions, thereby affecting 

behavioral output and brain function. However, the critical role of BLA astrocytes participate in 

anxiety regulation and affect anxiety-like behavior remains unclear. Based on this question, we 

adopted an anxiety mouse model induced by unpredictable chronic mild stress and we found 

chronic stress increased S100 and EAAT2 expression but decreased Kir4.1 expression in BLA. By 

using pharmacological or viral tools, we discovered that increasing EAAT2 expression was 

sufficient to induce anxiety-like behavior, but knock-down EAAT2 expression did not rescue 

anxiety-like behavior. On the contrast, knock-down Kir4.1 expression disrupted glutamatergic 

neuronal activities and induced anxiety-like behavior in naïve mice, and upregulation of Kir4.1 was 

sufficient to relieve anxiety-like behavior in stressed mice. These data indicated that Kir4.1 in 

astrocytes played an essential role in mediating stress-related anxiety-like behavior, which may 

provide new potential therapeutic target for anxiety disorders.  
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Abstract: The myeloid-derived or tissue-resident professional phagocytes, such as macrophages, 

microglia and dendritic cells are best known phagocytes that eliminate numerous internal and 

external insults. However, these bloodborne phagocytes may not be timely recruited or mobilized 

to the target region to clear cell debris, or they become dysfunctional in some pathological 

conditions, raising the need to identify functionally complementary phagocytic cell types. Our 

recent studies demonstrate blood-brain barrier (BBB) cellular constituents are critical amateur 

phagocytes in pathophysiology of central nervous system (CNS), in addition to their known roles 

in maintaining BBB function. Here we focus on the phagocytic functions of two exemplary BBB 
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cell types, microvascular endothelial cells (ECs) and astrocytes. In one study, we found 

microvascular endothelial cells predominate to engulf myelin debris at  the early phase of 

demyelinating diseases when none of macrophages, microglia or astrocytes are present and active 

in lesions. We showed ECs engulfment and degradation of myelin debris require immunoglobulin 

opsonization and autophagy-lysosome pathway, respectively. Consequently, ECs promote 

inflammation, angiogenesis and fibrotic scar formation during CNS demyelinating diseases. In 

another study, we asked which cell type(s) act to clear cell corpse and debris of microglia, the main 

phagocytes in CNS, resulting from microglia turnover or death in health or diseased conditions. 

We performed a candidate screen and identified astrocytes, another BBB cell type are phagocytes 

of microglia corpse and debris. Astrocytes scavenge microglial corpses and maintain the  brain 

homeostasis through complement opsonization and non-canonical autophagy that involve Rubicon-

dependent LC3-associated phagocytosis. Thus, our studies show novel phagocytic functions of 

BBB cell types and offer insights into immunosurveillance mechanisms of CNS heath and diseases. 

Keywords: Blood-brain barrier; Microvascular endothelial cells; myelin debris; phagocytosis; 
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Abstract: Objective Glioma is the most common, and lethal primary malignant tumor in brain, 

characterized by strong invasiveness with limited treatment options and poor prognosis. Recently, 

dysregulation of long non-coding RNAs (lncRNAs) has emerged as an important component in 

cellular processes and tumorigenesis. Methods RNA binding protein immunoprecipitation assay 

and RNA pull-down assay were used to test the interactions between TAF15 and LINC00665. The 

interaction and the binding sites between LINC00665 and MTF1/YY2 were clarified by dual -

Luciferase reporter assay. Chromatin immunoprecipitation assay was used to verify the interaction 

between MTF1/YY2 and GTSE1 promoter. Results TAF15 overexpression enhanced the stability 

of LINC00665, inhibiting malignant biological behaviors of glioma cells. Mechanistically, 

overexpression of LINC00665 was confirmed to destabilize MTF1 and YY2 mRNA by interacting 

with STAU1. Knockdown of MTF1 or YY2 decreased the expression levels of GTSE1 through 

direct binding to the GTSE1 promoter region. Conclusion Our study highlights a key role of the 

TAF15/LINC00665/MTF1(YY2)/GTSE1 axis in modulating the malignant biological behaviors of 

glioma cells. 
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Abstract: Objective Tumor brain metastasis is a severe threat to patients' neurological function, 

in which microglia may be involved in the process of tumor cell metastasis among nerve cells. The 

mechanism of glial cells regulate tumor cell metabolism remains unclear. Our study focused on the 

interaction between microglia and breast and lung cancer. Methods Synchrotron radiation-based 

Fourier transform infrared microspectroscopy (SR-FTIR) was used to study the effect of microglia 

on the expression of metabolites in tumor cells. Results The proliferation and migration ability of 

tumor cells increased after coculture, and the structures and contents of biological macromolecules 

in tumor cells changed. The absorption peak positions of the amide Ⅱ and amide Ⅰ bands observed 

for the four kinds of tumor cells altered, and the absorption intensities were significantly enhanced, 

indicating changes in the secondary structures and contents of proteins in tumor cells, which may 

be the root cause of the change in tumor cell characteristics. Conclusion The metabolites of 

microglia promote the proliferation, migration and invasion of tumor cells.  

Keywords: Synchrotron radiation based-fourier transform infrared microspectroscopy (SR-FTIR); 

Microglia; Breast cancer; Lung cancer 
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Abstract: The bone-derived hormone osteocalcin (OCN) is crucial for brain development and 

neural cognitive functions, yet the exact roles of OCN in central nervous system (CNS) remain 

elusive. Here, we find that genetic deletion of OCN causes early onset of oligodendrocyte 

differentiation and hypermyelination. Although dispensable for the proliferation of 

oligodendrocyte precursor cells (OPCs), OCN is critical for the differentiation of oligodendrocytes, 

which affects myelin production and remyelination after demyelinating injury. Genome wide RNA 

sequencing analyses reveal that OCN regulates myelination associated transcriptional factors and 

G protein coupled receptors, of which Myrf is found to be a key causative effector. Importantly, 

GPR37 is identified as a novel receptor for OCN thus regulating oligodendrocyte differentiation 

and myelination. Overall, these findings suggest that OCN orchestrates the transition between 

OPCs and myelinating oligodendrocytes via GPR37 signaling, and thus the OCN/GPR37 pathway 

regulates myelin homeostasis in the CNS. 
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Abstract: Ca2+ activities in astrocytes are considered to mediate the functional regulation of 

neurovascular unit and synaptic plasticity. Using the chemical Ca2+ indicator, astrocytic Ca2+ 

signals can only be detected in the soma and the major branches, leaving the activities in the distal 

fine branchlets and endfeet that may play a crucial role largely unexplored. Here, using the 

combination of in vivo two-photon imaging and cytosolic and membrane-tethered forms of 

genetically encoded Ca2+ indicators (GECIs; cyto-GCaMP6f and Lck-GCaMP6f), we set up a well-

characterized approach that overcome the above limitations. The adeno-associated viruses were 

used to specifically express GECIs in astrocytes. The in vivo two-photon Ca2+imaging was applied 

to record the astrocytic activities at the subcellular level. We found that, using cyto -GCaMP6f, 

astrocytic Ca2+ activities can be clearly distinguished from soma, proximal processes, fine processes 

and endfeet. While the astrocytic Ca2+ activities in micro-domains of processes can be delicately 

displayed by lck-GCaMP6f. These approaches allow for the systematic study of astrocytic Ca2+ 

activities in the subcellular scale, permitting the delicate description of in vivo astrocytic functions 

in the neural circuits. 
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Abstract: Aquaporin-4 (AQP4) is characterized by orthogonal arrays of particles (OAPs) 

comprising its M1 and M23 isoforms in the plasma membrane. However, the biological importance 

of OAP formation is obscure. Here, we developed an OAP depolymerization mouse model by 

transgenic knock-in of an AQP4-A25Q mutation. Analyses of the mutant brain tissue using blue-

native polyacrylamide gel electrophoresis, superresolution imaging and immunogold electron 

microscopy revealed remarkably reduced OAP structure and glial endfeet localization of AQP4-

A25Q mutant protein without affecting its overall mRNA and protein expression. AQP4A25Q/A25Q 
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mice have better survival and neurological deficit scores when cerebral edema is induced by water 

intoxication or middle cerebral artery occlusion/reperfusion (MCAO/R). Brain water content and 

swelling of pericapillary astrocytic endfeet processes in AQP4A25Q/A25Q mice were significantly 

reduced, functionally supporting the decrease of AQP4 protein expression in polarized manner at 

blood brain barrier (BBB). The infarct volume and neuronal damage were also reduced by AQP4-

A25Q in the MCAO/R model. The astrocyte activation was alleviated in AQP4A25Q/A25Q mice, 

which may be associated with decreased swelling of astrocyte. We concluded that the OAP structure 

of AQP4 plays a key role in its polarized expression in astrocytic endfeet processes at BBB. 

Therefore, regulation of AQP4 OAP formation may become a new therapeutic strategy to reduce 

brain edema and neuronal injury in ischemic and traumatic brain injuries.  

Keywords: aquaporin 4, orthogonal arrays of particles (OAPs), depolymerization, glial end feet 
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Abstract: Objective Normal function of the brain relies on interactions between neurons and the 

cells that support their function. Acute infection by pathogenic microorganisms, if not kept in check, 

can lead to neuroinflammatory responses. Previous studies mostly focused on the long-term effects 

of neuroinflammation, while the early events are less well characterized. In particular, the specific 

cell type that relays the systemic infection signal to the central nervous system, and the early effects 

of infection on brain function are largely unknown. In previous work, we showed that within 2 

hours of lipopolysaccharide (LPS)-induced systemic inflammation, PDGFRβ mural cells (including 

pericytes) function as sensors of system infection, and rapidly secrete CC chemokine ligand 2 

(CCL2), which increases total neuronal excitability. Recently, astrocytes have been shown to 

regulate neuronal function via intracellular Ca2+-dependent signaling. The present study aims to 

identify changes in Ca2+ level in PDGFRβ mural cells and in astrocytes, as well as the mechanisms 

by which PDGFRβ mural cells and astrocytes regulate neuronal excitability during early systemic 

inflammation. Methods Changes in neuron excitability and cerebral blood flow, as well as Ca2+ 

level in PDGFRβ mural cells and astrocytes were measured using in vivo two photon time lapse 

imaging. Results (1) Identified an anesthesia condition which did not interfere with rapid LPS-

induced increase in cytokine expression. (2) Observed increased neuronal excitability of L2/3 

pyramidal neurons in the primary somatosensory cortex in vivo within 2 hours of i.p. LPS injection. 

(3) Found that astrocytic Ca2+ signaling was affected within 2 hours of LPS injection. 

Keywords: Astrocyte; Neuroinflammation; Neural circuit; Calcium imaging; Neurodevelopment. 
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Abstract: Insulin resistance (IR) has been associated with many Central Nervous System (CNS) 

diseases, such as Alzheimer's disease which commonly companied with neuroinflammation. 

However, the exact mechanism(s) involved in IR-induced neuroinflammation has not been well 

understood. To clarify the upstream and downstream signaling involved in neuroinflammation in  

IR, we used C57BL/6 mice treated with high-fat diet (HFD) to establish IR model, and the mice 

treated with standard diet were used as control. After 12 weeks, the body weights of HFD treated 

mice significantly increased 55% more than those of control mice, with obvious glucose and lipid 

metabolism disorder and the higher insulin levels in both plasma and cerebrospinal fluid. 

Meanwhile, accompanied by IR and systemic hyperinsulinemia, neuroinflammation which 

characterized by activated microglia and upregulated pro-inflammatory factors were found in the 

brain of HFD mice. In order to clarify whether insulin contributed to microglia activation, we 

performed insulin treatment in primary cultured microglia and BV2 cell lines in vitro, to mimic 

hyperinsulinemia condition in vitro. We found that additional insulin could increase proliferation 

of microglia and inflammatory factors production. Numerous studies have shown that systemic 

hyperinsulinemia can act on IGF-1 receptors (IGF-1Rs) to activate the PI-3K/AKT then stimulate 

the NF-κB pathway to trigger inflammatory responses, therefore, we next separated microglia from 

HFD mice brain by immunomagnetic beads to analyze the expression and phosphorylation of 

insulin receptor and IGF-receptor, AKT and IKKβ. The results showed that phosphorylation levels 

of IGF-1R, AKT and IKKβ significantly increased with decreased expression and phosphorylation 

of insulin receptor. Meanwhile, this result was confirmed in vitro by using insulin treated BV2 cells 

and primary cultured microglia. As to summarize, hyperinsulinemia may induce the activation of 

IGF-1R in microglia which promote neuroinflammation in the CNS. 

Key word: Insulin resistance; Hyperinsulinemia; Neuroinflammation; IGF-1R 
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Abstract: Objective Neonatal hypoxic-ischemic brain damage (nHIBD) causes mortality and long-

term neurological impairments. Our previous study demonstrated activation of CD11b+ myeloid 

cells, including residential microglial cells (MGs) and infiltrating monocyte-derived macrophages 

(MDMs) in a murine model of hypoxic-ischemic brain damage (HIBD), with unknown functions. 

Methods nHIBD was induced in 10day postnatal mice. CX3CR1
GFPCCR2

RFP double-transformed 

mice was applied to identify MGs and MDMs, and study their differences in the phagocytic function 

after HIBD. LAMP1, TLR2, CD36 expression levels were measured to assess the underlying 

function of phagocytes in these cells. Immunofluorescence based three dimensional reconstruction 

technology were used to confirm MGs phagocytosis synapses. The FITC-dextran 40 phagocytosis 

assay was applied to examine the phagocytic function in vitro. Results (1) MDMs infiltration into 

the brain parenchyma was evident in CX3CR1
GFPCCR2

RFP double-transformed mice. (2) Mild and 

severe brain injury caused different phagocytosis-related responses of MDMs and MGs at 1 and 3 

d following HI. (3) A large number of PSD95 was detected in the MGs body, some of which could 

be distributed along the cell membrane. (4) Phagocytic function was activated in BV2 cells but 

downregulated in Raw264.7 cells under OGD in vitro. Conclusion These observations indicate that 

nHIBD induced MGs but not MDMs perform phagocytic function in both mild and severe brain 

injury. 
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Abstract: Objective Use of Chinese herbal compounds has been widely explored in recent years 

to inhibit activation of astrocytes in brain injuries. Thus, it  has been reported that gastrodin can 

effectively suppress microglia activation in rats with hypoxic-ischemia brain damage. This study 

was aimed to determine if gastrodin would exert a similar affect on reactive astrocytes and  alleviate 

their inflammatory response through the renin-angiotensin system (RAS) and Sirtuin3 (SIRT3). 

Methods Expression of ACE, AT1, NOX-2 and SIRT3 was detected in TNC1 astrocytes, treated 

respectively with conditioned medium from BV-2 microglia with or without pretreatment of 

gastrodin and lipopolysaccharide (LPS) by immunofluorescence and Western blotting. Along with 

this, expression of iNOS, TNF-α and neurotrophic factors, including BDNF, NT-3 and IGF-1 
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expression was also evaluated. Results We showed that TNC1 astrocytes remained relatively 

unreactive to direct gastrodin treatment in terms of expression of different biomarkers when 

compared with the controls. On the other hand, expression levels of ACE, AT1, NOX-2, iNOS and 

TNF-α was significantly enhanced in conditioned medium derived from BV-2 microglia treated 

with LPS-stimulated TNC1 astrocytes. When compared to the controls, TNC1 astrocytes responded 

vigorously to conditioned medium derived from BV-2 microglia treated with gastrodin + LPS. This 

was evident by the decreased expression of the above mentioned proteins. As opposed to this, 

expression of SIRT3, IGF-1, BDNF and NT3 as determined by Western and immunofluorescence 

analysis was enhanced. Conclusion The results suggest that gastrodin inhibits the expression of 

RAS and proinflammatory mediators in microglia-mediated astrocytes, but promotes the 

production of neurotrophic factors that conceivably would be neuroprotective for tissue repair and 

remodeling.  
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Abstract: Objective The second generation antipsychotics such as olanzapine often induce obesity 

and related side effects which seriously affect recovery of patients, but the detailed mechanism 

remains obscure. We previously found that olanzapine changed the number of oligodendrocyte 

precursor cells (OPCs) and oligodendrocytes in the paraventricular nucleus of the hypothalamus 

(PVN) when it increased the feeding and bodyweight of mice, suggesting that olanzapine interfered 

with the process of differentiation of OPCs into oligodendrocytes in the PVN. The present study is 

to explore the relationship between obesity side effects of olanzapine and abnormal OPC 

differentiation. Methods pAAV-taCasp3 and pAAV-Myrf were injected into PVN of NG2cre mice 

to kill or inhibit the differentiation of OPCS, respectively. We implanted the optical fiber into PVN 

of NG2cre::Ai32 mice, and used low-frequency light for four weeks to promote the differentiation 

of OPCs. The changes in body weight and feeding behavior, as well as the number of OPCS and 

oligodendrocytes in PVN were investigated. Results The number of OPCs and oligodendrocytes 

decreased, and the food intake and body weight of mice increased after the virus was injected into 

PVN to specifically kill OPCs or inhibit the differentiation of OPCs. Olanzapine increased the 

feeding and body weight of mice, but specifically promoted the differentiation of OPCs in PVN 

reverses this effect Conclusion Olanzapine specifically inhibits the differentiation of OPCs in PVN, 

increases the feeding behavior of mice, and produces obesity side effects. This work was supported 

by the National Natural Science Foundation of China (82000801). 

Keywords: obesity; oligodendrocyte precursor cells; the paraventricular nucleus of the 
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Abstract: Objective Autism spectrum disorder (ASD) is a heterogeneous neurodevelopmental 

disorder and imbalances in excitatory and inhibitory (E/I) activity may provide a common 

pathophysiological mechanism underlying ASD. Astrocytes are crucial for synaptic formation and 

function, and defects in astrocytic activation and function during a critical developmental period 

may contribute to the pathogenesis of ASD. However, the role of astrocytes in ASD pathogenesis 

during brain development remains obscure. The present study is to elucidate the critical role of 

astrocytes in ASD pathogenesis in the early developing brain. Methods We generated a mouse 

model with increased hippocampal astrogenesis during early development by in utero 

electroporation. We used behavior tests to assess behavior phenotypes, electrophysiology to 

investigate synaptic transmission, and markers for synapses in immunostaining assays to quantify 

changes in synapse formation in CA1 area. Results Increasing hippocampal astrogenesis during 

development induced autistic-like behavior in mice and decreased E/I ratio in the hippocampus that 
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results from enhanced GABAergic transmission in CA1 pyramidal neurons. Conclusion Increasing 

hippocampal astrogenesis during early development tilts E/I balance via enhancing the GABAergic 

inhibition in the hippocampus, leading to typical autistic-like traits in mice.  

Keywords: Astrogenesis; Autistic-like behavior; Excitatory-inhibitory balance; GABAergic 

synaptic transmission 
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Abstract: Objective Traumatic brain injury can lead to reactive astrogliosis and alter the regulatory 

effects of astrocytes on synaptic connectivity and function. However, few studies have discussed 

what triggers the reactive transformation and whether the molecular events underlying reactive 

astrogliosis can be targeted for therapeutic intervention. Methods We used p75NTR heterozygous 

knockout mice and AAV-mediated astrocytes-specific p75NTR knockdown to investigate its effect 
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on reactive astrocytes after closed head injury (CHI), as evaluated by reactive transcripts, 

morphological complexity and gliotransmitter release level. We further evaluated its effect on the 

density and morphology of spines, electrophysiological properties of synapse and behavioral test 

of cognitive function. Results We here showed that hippocampal astrocytes acquire a typical 

reactive phenotype after CHI, accompanied by an increased expression of p75NTR. After p75NTR 

manipulation, reactive astrogliosis could be effectively attenuated. Meanwhile, we found a 

significant improvement in synaptic plasticity and cognitive performance, probably due to the 

rectification of excessive D-serine. We further determined that p75NTR-medieated reactive 

astrogliosis is dependent on IP3R2 and requires the recruitment of adaptor protein TRAF2 and 

TRAF6. Conclusion Together, these results imply that p75NTR is an important mediator of 

reactive astrogliosis and is responsible for the impaired synaptic plasticity and cognitive deficits 

after traumatic brain injury.  

Keywords: p75NTR; reactive astrogliosis; synaptic plasticity; cognitive deficits; traumatic brain 

injury 
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Abstract: Objective Neonatal sepsis is a leading cause of morbidity and mortality in newborn and 

preterm infants. Animal studies of sepsis, both during neonatal and adult stages, often use a high-

dose-injection of lipopolysaccharide (LPS), and result in immune memory in the periphery. 

Increasing evidence also show that peripheral LPS administration in young or adult rodents can 

also induce immune memory in CNS resident immune cells, such as microglia. Recently, non-

immune cells, including perivascular PDGFRβ cells (including Rgs5 and Col1a1 cells), endothelial 

cells and astrocytes also have been shown to play important roles during the neuroinflammatory 

process. However, the molecular signatures of immune memory and immune tolerance in brain 

remain elusive. Method We use a two-hit model, including an early intraperitoneal injection (i.p.) 

of LPS at postnatal day (P) 3, followed by a second LPS injection at P14, to mimic the immune 

memory process. The cellular and molecular signatures of the two-hit model were identified using 

single-cell RNA sequencing. The activation of microglia was measured using immunostaining. 

Gene expression was assayed using real-time quantitative PCR. Results (1) An early systemic 

injection of LPS at P3 results in a weaker response to a second LPS injection at P14, suggesting 

immune tolerance. (2) Immune tolerance occurs in multiple cell types, including astrocytes, Col1a1 

cells, endothelial cells, ependymal cells, Hbb-bt cells, Rgs5 cells, microglia and macrophages. (3) 

The activation of microglia was long-lasting after initial infection, and could be further activated 

by a second infection. (4) Activated microglia highly express Cd52 after the first stimulus, which 

could indicate an immune memory and also implicate it may function as a mediator. Conclusion 

Our study identified molecular and cellular signatures of immune tolerance and immune 

suppression in the hippocampus, providing a better understanding of the protective and detrimental 

immunological signatures induced by systemic immune challenge. 

Keywords: neonatal sepsis; immune memory; two-hit model; single-cell RNA sequencing  
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Abstract: Objective Microglia-related inflammation is associated with the pathology of 

Parkinson's disease (PD). Functional voltage-gated sodium channels are involved in regulating 

microglial function. Here, we aim to investigate the effects of SVHRSP (scorpion venom heat-

resistant synthesized peptide) on 6-OHDA or MPTP induced PD-like mouse model and reveal its 

underlying mechanism. Methods In PD animal model, behavior test was performed followed by 

brain tissue collection for morphological analysis and protein/gene expression examination. 

Primary microglia culture was used to investigate the role of sodium channel Nav1.6 in the 

regulation of microglia inflammation by SVHRSP. Results SVHRSP treatment attenuated motor 

deficits, dopaminergic neurodegeneration and neuroinflammation. Notably, SVHRSP treatment 

suppressed the over-expression of microglial Nav1.6 induced by 6-OHDA and LPS. Finally, it was 

shown that the anti-inflammatory effect of SVHRSP in microglia was Nav1.6 dependent and was 

related to suppression of sodium current and probably the consequent Na+/Ca2+ exchange. 

Conclusion SVHRSP might inhibit neuroinflammation and protect dopaminergic neurons via 
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down-regulating microglial Nav1.6 and subsequently suppressing intracellular Ca2+ accumulation 

to attenuate the activation of MAPKs signaling pathway in microglia.  

Keywords: Parkinson's disease; SVHRSP; Neuroinflammation; Microglia; sodium channel Nav1.6 
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Abstract Objective Multiple sclerosis (MS) is a chronic immune-mediated demyelinating disease 

of the central nervous system. One of its pathological features is that the infiltration of immune 

cells from the periphery into the central nervous system which causes abnormal activation of 
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microglia (MG), mediates neuroinflammatory response, resulting in oligodendrocyte damage and 

demyelination. Therefore, targeting MG-induced neuroinflammatory response is an important 

strategy to alleviate demyelination. Early experiments prove that the monomeric white leaf lactone 

(Bilobalide, BB) extracted from the natural medicine Ginkgo biloba has excellent anti -

inflammatory effects. The present study is to explore the influence of BB on the inflammatory 

response and polarization of MG on experimental autoimmune encephalomyelitis (EAE) mice, a 

classic animal model of MS. Methods EAE model was induced in female C57BL/6 mice by 

immuning the animals with MOG35-55 and pertussis toxin. Macrophages of bone marrow and BV2 

cells were stimulated with LPS for modeling. Elisa, Western blot and immunofluorescence were 

used to detect cell polarization, proliferation and the release of inflammatory factor of MG. Results 

BB inhibited the proliferation of macrophages and BV2 cells, inflammatory cytokines, and TLR-4 

and/or NF-κB. BB treatment enhanced the proportion of Arg-1 expression (associated with the M2 

phenotype) in Iba1+ MG in spinal cord, the number of mature Bcl-2+ CNPase+ mature 

ligodendrocytes in spinal cord and facilitated clinical recovery and prevented demyelination. 

Conclusion BB relieves demyelination by inhibiting the abnormal activation of MG. (Supported 

by NSFC, 81903596; the Department of Science and Technology, Shanxi Province of China, 

201805D111009; Shanxi Applied Basic Research Project, 201901D211538; and Leading Team of 

Medical Science and Technology, Shanxi Province, 2020TD05). 
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Abstract 

Objective To investigate the effect of bindarit (inhibitor of MCP-1 synthesis) on the 

lipopolysaccharide (LPS)-induced production of inflammatory cytokines and phagocytosis in 

mouse BV2 microglial cells. 

Methods BV2 microglial cells were pretreated with bindarit for 12h, followed by treatment with 

LPS for 24h in vitro, simultaneously they were cultured in bindarit for 12h or LPS for 24h 

respectively. The cell viability of BV2 microglial cells were measured with CCK-8, the morphology 

of BV2 microglial cells were observed by the inverted phase contrast microscope. The mRNA 

expression of MCP-1 and IL-6 were examined by quantitative reverse transcription polymerase 

chain reaction. The concentration of IL-6 in the supernatant was detected with ELISA. The 

phagocytosis of BV2 microglial cells was observed by fluorescent microsphere phagocytosis 

experiment. 

Results Compared with the control group, the cell viability was not affected by 20, 40 and 80 μg/ml 

bindarit in BV2 microglial cells respectively (P＞0.05), 80 μg/ml bindarit - treated BV2 microglial 

cells displayed spindle or round morphology with small cell body. The cell viability was not 

affected by 500 ng/ml LPS, while LPS-treated BV2 microglial cells displayed long thin processes 

extending from the cell body, larger cell body and more "phagocytic cup" morphology. The mRNA 

expression levels of MCP-1 (P <0.001) and IL-6 (P <0.0001) and the concentration of IL-6 (P 

<0.0001) significantly increased in LPS-treated BV2 microglial cells. The number of phagocytized 

fluorescent microspheres increased (P <0.05) in LPS-treated BV2 microglial cells. After pre-

treatment with bindarit, compared with the LPS group, the cell body of BV2 microglial cells is 
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smaller, the branches extending from the cell body are reduced, and the morphology of the 

"phagocytic cup" is reduced; the mRNA expression levels of MCP-1 (P <0.05) and IL-6 (P <0.0001) 

significantly decreased; the concentration of IL-6 decreased (P <0.01); the number of phagocytized 

fluorescent microspheres obviously decreased (P <0.05). 

Conclusion In vitro, bindarit can reverse the abnormal phagocytosis of microglia through 

suppressing MCP-1 expression and IL-6 secretion, and affect the activation of LPS on microglia. 

Key words: Bindarit; Microglia; Inflammation; phagocytosis 
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Abstract: The mechanism underlying neuropathic pain is complicated and still needs further study. 

Single-cell RNA sequencing of mouse DRG revealed that the cardiotrophin like cytokine factor 1 

(Clcf1) expression was significantly up-regulated after peripheral nerve injury. The CLC encoded 

by Clcf1 belongs to IL-6 family and it needs to form a secreted complex with CLF. However, the 

function of CLC in neuropathic pain is not clear. Preliminary data showed that intrathecal injection 

of CLC/CLF could activate spinal astrocytes and induce the mechanical allodynia in the mice. 

Suppression of Clcf1 up-regulation by in vivo RNA interference could remarkably relieve the 

neuropathic pain. Meanwhile, CLC/CLF could increase the spontaneous EPSC (sEPSC) frequency 

of spinal layer II neurons. Based on the abovementioned data, we propose that CLC/CLF could 

regulate the neuropathic pain through activating the astrocytes and enhancing the synaptic 

transmission of dorsal spinal cord. In summary, we would clarify the role of CLC/CLF in regulating 

neuropathic pain and its molecular mechanism by cell biology, behavioral pharmacology, and 

electrophysiology method. Our work would provide the important scientific basis for finding new 

analgesic targets of the clinical treatment.  

Keywords: Dorsal root ganglia; Neuropathic pain; Glial cell; Cytokine; Synaptic transmission 
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Abstract: Objective Multiple sclerosis (multiplesclerosis, MS) is a centralnervoussystem 

(centralnervoussys-tem, CNS) disease characterized by chronic inflammation mediated, blood - 

brain barrier damage, axcord damage, glial hyperplasia, demyelination and whose pathogenesis has 

not been fully clear. At present, it is widely believed that the pathogenesis of MS is that myelin - 

specific T cells activate the immune response to myelin through the process of entering CNS after 

destroying the blood and brain barrier, which then causes chronic inflammation leading to axon 

damage and white plasmal demyelination. Remyelination is a regenerative process that is essential 

to recover saltatory conduction and to prevent neurodegeneration upon demyelination.Ginkgo 

lactone K (Ginkgold K, GK) is a terpene substance isolated from a ginkgo leaf extract. This study 

uses CPZ - induced demyelination, explored GK's myelin protection capability and therapeutic 

potential in demyelinating diseases, and analyzed its possible mechanisms of action. Methods：

C57BL/6 male mice were randomly dividedinto the normal group，cuprizone（CPZ）group and 

GK group.Demyelination and activation of microglia were observed by immunofluorescence 

staining. Cytokines in the brain tissue were detected by Western blot and ELISA，which includes 

iNOS，Arg-1，TNF-α，IL-1β，IL-6，IL-10 and TGF-β.ResultsThe expression of MBP in the 

mouse corpus callosum region was observed by immunofluorescence staining. The results showed 

that the MBP fluorescence intensity in the corpus callosum region in CPZ group compared to 

normal groups significantly (P< 0.01) increased the number of Iba-1 small glilia in the corpus 

callosum region compared to normal mice (P< 0.001). In contrast, GK significantly inhibited the 

number of Iba-1 small glial cells in the corpus callosum (P< 0.01). The expression of iNOS and 

Arg-1 in mouse brain tissue was detected by WesternBlot method, and the subtype expression of 

small glia was observed. The results showed that the expression of demyelinating brain tissue in 

mice (P< 0. 001) and Arg-1 (P< 0. 001) compared to the normal group; GK reduced iNOS 

expression (P< 0.001), instead promoting the expression of Arg-1 (P< 0.001). The ELISA method 
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measured concentrations of inflammatory / anti - inflammatory cytokines in brain tissue in mice. 

Concentrations of inflammatory cytokines IL-1β and IL-6 were significantly increased in brain 

tissue in the CPZ group (P< 0. 001), while GK significantly reduced IL-1β and IL-6 concentrations 

(P< 0. 01). However, the differences in IL-1β expression among the different groups have no 

statistical significance. Furthermore, we also tested the expression of the anti - inflammatory 

cytokines, IL-10 and TGF-β. The expression of IL-10 in the CPZ group was significantly lower 

compared to normal groups (P< 0.001), but the expression difference in TNF-α had no statistical 

significance. Compared to the CPZ group, GK significantly improved the expression of IL-10 and 

TNF-α (P< 0.001, P< 0.05). Conclusion CPZ - induced demyelination is accompanied by 

significant small glicyte activation and neuroinflammatory response, indicating that neural 

inflammation is closely related to demyelination. The neuroprotective effect of GK is not only 

related to reducing myelin loss, but also to the inhibition of small glial ac tivation and 

neuroinflammatory response.  

 

Supported by NSFC, 81903596; the Department of Science and Technology, Shanxi Province of 

China, 201805D111009; Shanxi Applied Basic Research Project, 201901D211538; and Leading 

Team of Medical Science and Technology, Shanxi Province, 2020TD05. 
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Abstract: Objective Post-stroke cognitive impairment (PSCI) is a big challenge of rehabilitation 

after cerebral infarction. Microglia play important roles in inflammatory processes after ischemic 

stroke. Modulating microglia polarization through STAT3 pathway from pro-inflammatory 

phenotype (M1 microglia) to anti-inflammatory phenotype (M2 microglia) has been indicated as a 

potential therapeutic approach in the treatment of cognitive impairment. High frequency repetitive 

transcranial magnetic stimulation (HF-rTMS) has been gradually used in PSCI treatment. However, 

the effect of HF-rTMS on microglia polarization after stroke and its underlying mechanisms remain 

unknown. The aim of the present study was to investigate whether HF-rTMS can modulate the 

polarization of microglia through STAT3 pathway to protects against PSCI. Methods: Rats were 

divided into the tMCAO group, the rTMS group and Sham group. The rTMS group rats were 

stimulated with 20Hz HF-rTMS from the 7th day to the 28th day after operation. Modified 

neurological deficit score (mNSS) was performed on days 1, 7, 14, 21, and 28.  On the 28th day, 

Morris water maze test was performed to detect cognitive function, Luxol Fast Blue (LFB) staining 

and electron microscopy experiments were performed to detect brain white matter and myelin. 

Immunofluorescence experiment was performed to detect the expression of Iba1, CD68, CD16/32, 

CD206 and p-STAT3, and Western Blot experiment was performed to detect the expression of 

STAT3 and p-STAT3. Results: (1) The mNSS and Morris water maze test results show that HF-

rTMS improves the neurological and cognitive functions of tMCAO rats. (2) The LFB stainning 

and electron microscopy results suggest that HF-rTMS promotes white matter remodeling in 

tMCAO rats. (3) Immunofluorescence results indicate that HF-rTMS reduces the activation of 

microglia and promotes M2 polarization. (4) Immunofluorescence and Western Blot results indicate 

that HF-rTMS promotes the expression of p-STAT3 and STAT3. Conclusion HF-rTMS improves 

cognitive function in tMCAO rats and white matter integrity possibly by modulating the M2 

polarization of microglia through upregulating the STAT3 pathway. 
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Abstract: Objective Many proteins with Ca2+/CaM binding domains, can be directly regulated by 

Ca2+/CaM, including various gap junction proteins (astrocytes mainly express connexin 43, Cx43). 

Astrocyte Cx43 hemichannels (Cx43HC) have long been regarded as a critical pathway for 

astrocyte ATP and glutamate release. Peculiarly,the increase of [Ca2+]i and activation of Ca2+/CaM 

and downstream CaMKII have long been assumed to open Cx43HC,and this hypothesis intertwined 

well with the notion that TAT-GAP19 (or GAP19) serves as a specific Cx43HC blocker. More than 

a decade has passed without being publicly challenged; these two hypotheses have been blindly 

accepted. However, one should have wondered if an increase of [Ca2+]i could open Cx43HC,then 

the influx of Ca2+ would form a positive feedback loop, promoting further Cx43HC opening and 

mailto:zcye@uw.edu


The 14th Annual Meeting of Chinese Neuroscience Society 

eventual cell death. Methods Using Na+ and Ca2+ imaging and GRAPATP fluorescent sensor 

(developed by Dr Li Yu-long in Peking University) on primary WT astrocytes and Cx43KO 

astrocytes, together with HPLC measurement of glutamate release, we comprehensively re-

examined the role of Ca2+/CaM and TAT-GAP19 in the regulation of Cx43HC. Results (1) To the 

opposite of the notion that increase of [Ca2+]i can induce Cx43HC opening, we found that increase 

of [Ca2+]i causes Cx43HC closing. (2) Opening of Cx43HC leads to Ca2+ influx, activating 

Ca2+/CaM to form a negative feedback loop on Cx43HC opening. For Cx43HC, a negative feedback 

is vital to cell survival. (3) The notion that TAT-GAP19 (or GAP19) is a specific Cx43HC blocker 

is a myth.The actual function of GAP19 is to inhibit CaM and facilitate Cx43HC 

opening. Conclusion Extracellular and intracellular Ca2+ regulate astrocyte Cx43HC through 

coherent interaction; Ca2+/CaM is a powerful and vital negative feedback mechanism on Cx43HC 

opening.  
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Abstract:Objective Idiopathic inflammatory demyelinating diseases (IIDDs) are disabling 

diseases with demyelination of the central nervous system as the main or primary lesion, and further 

involving axons, neurons and glia.In inflammatory and/or demyelinating environments, reactive 

astrocytes (AS) proliferate, polarized into pro-inflammatory A1 and neurotrophic A2, performing 

harmful or beneficial functions. A1 AS secrete a variety of inflammatory factors and chemokines, 

leading to loss of neurons, the formation of the glial scar will also be a axon growth of physical 

barrier, on the other hand, A2 AS can promote oligodendrocytes precursor cells proliferation and 

differentiation, oligodendrocytes-axon contact and myelin formation, protect neurons. Therefore, 

how to regulate the function of reactive AS to maximize its neuroprotective effect is the focus of 

our research.Previous experiments have shown that grape seed proanthocyanidins have a good anti -

inflammatory effect, but can induce the enrichment of GFAP+ reactive AS in the corpus callosum 

of CPZ demyelinating model. Therefore, this study aims to explore the mechanism of grape seed 

proanthocyanidins targeting reactive AS. Methods Taking the C57BL/6 mouse CPZ model and the 

in vitro reactive AS model as the research objects, fluorescence quantitative PCR, Elisa and 

immunofluorescence methods were used to explore the effect of grape seed proanthocyanidins on 

the function of reactive AS.Results Grape seed proanthocyanidins promoted the secretion of 

neurotrophic factor CNTF by GFAP+AS in vitro and in vivo, and significantly increased the 

expression of MBP and NG2 in CPZ model. Conclusion Grgrape seed proanthocyanidins can 

induce AS polarization to the anti-inflammatory A2 type, and its anti-inflammatory, 

neuroprotective and myelin regeneration effects can achieve multiple effects of myelin sheath, 

neuroprotective and regeneration. (This work was supported by NNSF of China 81903596, Science 

and technology innovation project of Shanxi Colleges No. 2019L0721, 2019L0728. Cultivation 

Project of Shanxi universtity of Chinese medicine No.2019PY130, No. 2020PY-JC-14.) 
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Abstract: Objective Adolescent alcohol abuse induces hippocampal neuroinflammation that will 

persist into adulthood. Exercise has been shown benefit as a non-pharmacological method for 

treating alcohol abuse. However, the mechanisms underlying the beneficial effects of exercise 

against adolescent alcohol abuse remain unclear. The present study is to explore the effects of 

aerobic exercise on the activation of hippocampal microglial cells in rats with adolescent 

intermittent ethanol exposure (AIE). Methods 44 SPF male rats (P21) were randomly divided into 

saline sedentary (SS), saline exercise (SE), alcohol sedentary (AS) and alcohol exercise (AE) 

groups. For 4 weeks, AS and AE rats were given ethanol gavage (5.0 g/kg, 20% ethanol, w/v) on a 

two-day-on and two-day-off schedule. SS and SE rats received comparable volumes of saline on 

the same schedule. SE and AE rats were introduced to a treadmill exercise. Treadmill protocol was 

as follows: 18 m/min, 0°,60 min,5 d/w, 8 w. After eight-arm maze tests, all rats were sacrificed for 

sample collection. (1) Eight-Arm Maze test was used to test the cognitive abilities. (2) ELISA was 

used to detect the levels of pro-inflammatory mediator TNF- and anti-inflammatory mediator IL-

10. (3) Immunofluorescence was used to detect the activation of IBA-1. Data were analyzed using 

repeated measures analysis of variance and two-way analysis of variance (ANOVA). The level of 

statistical significance was set at P<0.05. Result (1) Exercise decreased AIE-induced increase of 

working memory errors and reference memory errors (P<0.05). (2) Exercise decreased AIE-induced 

increase of TNF-α in the hippocampus (P<0.001) and increased AIE-induced decrease of IL-10 in 

the hippocampus (P<0.05). (3) Exercise decreased AIE-induced activation of microglial cells 
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(P<0.05). Conclusion These data suggested AIE-induced activation of hippocampus microglial 

cells and imbalance of pro-inflammatory mediators and anti-inflammatory mediators can be 

attenuated by aerobic exercise, which might be one of the neural mechanisms of exercise induced 

protective against adolescent alcohol abuse. 

Key words: adolescent alcohol abuse; hippocampus; microglial cell; exercise 

 

Back to top ↑ 

 

P-174 

Monitoring Astrocytic Ca2+ Activity in Freely Behaving Mice 

 

Han QIN2,Wen-Jing HE1, Chuan-Yan YANG1, Jin LI1, Xiao-Wei CHEN1, Kuan ZHANG1,* 

 

1Brain Research Center, Third Military Medical University, Chongqing 400010, China 

2Center for Neurointelligence, School of Medicine, Chongqing University, Chongqing 400010, China,  

 

*Corresponding author  

E-mail: zhangkuan@tmmu.edu.cn 

 

Abstract: Objective Monitoring astrocytic Ca2+ activity is essential to understand the 

physiological and pathological roles of astrocytes in the brain. However, previous commonly used 

methods for studying astrocytic Ca2+ activities can be applied in only anesthetized or head-fixed 

animals, which significantly affects in vivo astrocytic Ca2+ dynamics. In the current study, 

astrocytic activity was recorded in freely behaving mice. Methods we combined optic fiber 

recordings with genetically encoded Ca2+ indicators (GECIs) to monitor astrocytic activity and 

monitored locomotion and footshock in freely behaving mice. Results (1) GECIs throughout 

astrocytes in the cortices and hippocampal CA1 area of adult mice resulted in reliable, robust, and 

mosaic expression. (2) Locomotion and footshock induced astrocytic Ca2+ transients in the cortices 
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and hippocampi of freely behaving mice. (3) Astrocytic Ca2+ transients induced by footshock can 

be stably recorded for at least 28 days. Conclusion Optic fiber-based Ca2+ recording combined with 

GECIs is an ideal approach to dissect the functions of astrocytes in physiological and pathological 

brain processes.  

Keywords: optic fiber, astrocytes, Ca2+ signals, genetically encoded Ca2+ indicators, freely 

behaving mice, cortex, hippocampus 

 

Back to top ↑ 

 

P-175 

Transcriptome analysis of microglia in the chronic unpredictable 

mild stress mouse 

 

Yao Yang1, Dai-Hui Peng1* 

1 Division of mood disorder, Shanghai Mental Health Center, Shanghai Jiao Tong University School 

of Medicine, Shanghai 200230, China 

 

*Corresponding author  

E-mail:pdhsh@126.com (Dai-Hui Peng); yaoyang_sjtu@126.com (Yao Yang) 

 

Abstract:  

Objective Neuroimmune plays an important role in depression in humans and depressive-like 

behaviors in mice. Microglia is the main executor of neuroimmune function in the central nervous 

system. Thus, to provide clues for the comprehensive study of the neuroimmune mechanism of 

depression and depressive-like behaviors, we performed the transcriptome analysis of microglia 

based on the chronic unpredictable mild stress (CUMS) mouse.  
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Methods The CUMS mouse model was established according to the protocol of PaulWillner 

(Neurobiology of Stress, 2017). According to the protocol of Jae Kyung Lee(Methods Mol Biol, 

2013.), microglia were isolated from the whole brain of adult C57BL/6 male mice. Then, RNA 

samples were extracted for transcriptome sequencing. The analysis based on transcriptome 

sequencing was performed with Gene Ontology (GO) enrichment analysis, Gene set enrichment 

analysis (GSEA), and KEGG pathway. 

Results 

(1) Microglia RNA sequencing data showed that there were 206 up-regulated genes and 497 down-

regulated genes between CUMS mice and control mice. 

(2) KEGG analysis showed that there were 47 immune system-related genes, among which Notch2 

pathway and MAPK pathway-related genes were up-regulated in CUMS group. GO analysis 

showed that protein glycosylation was positively correlated with depressive-like behaviors and 

MDD.  

(3) GO process analysis showed that protein glycosylation modified genes were up-regulated in 

CUMS group. Furthermore, similar results were also found in the post mortem brain of major 

depression disorder patients. 

Keywords: depressive-like behavior, chronic unpredictable mild stress, microglia, neuroimmune  
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Abstract 

Objective: Fear memory may form as an individual experience’s major traumatic events, while a 

momentous but aversive event is not undergone repeatedly by an individual throughout lifetime. If 

the highly adaptive mechanism was impaired, one might suffer from post-traumatic stress disorders 

(PTSD), of which enduring fear memory represents the cardinal symptom. Evidence exists in 

support of epigenetic regulation of complex cognitive behaviors such as memory formation, 

consolidation and extinction. Brd4, a member of the bromodomain and extra-terminal domain (BET) 

protein family, serves as a chromatin ‘reader’ by binding to acetylated lysines in histones, and  

hence promotes transcriptional activities. However, less is known whether Brd4 participates in 

modulating cognitive activities especially memory formation and distinction. Methods: C57BL/6 

mice were trained by auditory fear conditioning and fear extinction procedure. JQ-1 was injected 

intraperitoneally. IGF-2 was microinjected into the anterior cingulate cortex (ACC). Conditional 

knockout mice (Brd4fl/fl mice) were generated by using the CRISPR/Cas9 system. Brain tissues 

were detected by RNA sequencing, immunohistochemistry, western blot, quantitative real -time 

PCR, Golgi Staining and electron microscopy. Results: Auditory fear conditioning resulted in a 

biphasic Brd4 activation in ACC and hippocampus of adult mice. Thus, Brd4 phosphorylation 
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occurred 6 hours and 3-14 days, respectively, after auditory fear conditioning. Systemic inhibition 

of Brd4 with a BET inhibitor, JQ1, impaired the extinction of remote (i.e., 14 days after 

conditioning) auditory fear memory, which was rescued by microinjection of IGF2 into ACC before 

extinction training. Further, RNA-seq showed that JQ1 down-regulated expression of a key set of 

neuroplasticity-related genes, as well as reduction of dendritic branching and spine density in 

pyramidal neurons were observed in the ACC. Furthermore, conditional Brd4 knockout in 

excitatory neurons of the forebrain impaired remote auditory fear memory extinction as observed 

in the JQ1-treated mice. Conclusions: Herein, we identified that Brd4 is essential for the extinction 

of remote auditory fear memory in rodents. These results thus indicate that Brd4 potentially plays 

a role in the pathogenesis of PTSD. 

Keywords: remote memory, fear extinction, Brd4, JQ1, anterior cingulate cortex (ACC) 
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Abstract: Antioxidant response transcription factor Nuclear factor erythroid-2-related factor 2 

(Nrf2/Nfe2l2) is a neuroprotective agent in learning and memory impairment. This study provided 

a new aspect to explore the regulatory mechanisms of Nrf2. Here, we found that Nrf2 regulated 

circular RNA circ-Vps41 to increase the hippocampal synaptic plasticity; Nrf2 bounded the Vps41 

promoter to activate transcription of Vps41 gene and promote expression of circ-Vps41; circ-Vps41 

positively correlated with Nrf2, synaptic plasticity, and learning and memory; Nrf2 promoted 

CaMKIV expression by increasing levels of circ-Vps41, which can absorb miR-26a-5p that target 

CaMKIV. Our findings revealed a new circRNA based regulatory network regulated by Nrf2 and 

provided novel insights into the potential mechanism involved in improvement of learning and 

memory impairment.  

Keywords: Nrf2; circ-Vps41; miR-26a-5p; CaMKIV; synaptic plasticity; learning and memory 
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Abstract: Hippocampus is crucial for learning and memory. The Trisynaptic pathway is one of the 

most thoroughly studied circuits in modern neuroscience. It has long been acknowledged that 
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pyramidal neurons, which constitute the majority of hippocampal neuronal population, are 

homogeneous. Recent studies have indicated that pyramidal neurons in the hippocampal CA1 area 

differ in morphology, gene expression profile, as well as in vitro electrophysiological (e-phys) 

kinetics. In this study, we set out to investigate the functional heterogeneity of CA1 pyramidal 

neurons that differentially express Calbindin by combining optogenetics with multi-channel in vivo 

e-phys recording. We recorded a total of 230 Calbindin positive (CB+) pyramidal neurons (PNs) 

and 696 Calbindin negative (CB-) PNs from 10 Calb2::Ai35 transgenic mice. We show that CB+ 

PNs are more bursty than CB- PNs throughout all three tested behavior states (Running, RUN; 

Rapid-eye-movement sleep, REM; Slow wave sleep, SWS). They also encode spatial information 

more effectively than their negative peers. CB+ PNs shifted their firing phase with hippocampal 

theta oscillation during REM sleep, but not during RUN theta oscillations. CB- PNs remained their 

theta firing phase during both REM and RUN epochs. CB- PNs are more actively engaged during 

hippocampal ripple oscillations compared to their positive counterparts. These results  suggest that 

hippocampal pyramidal neurons which differentially express Calbindin showed distinct firing 

profiles under different animal behavior states. They may engage in different process of neural 

coding during hippocampal function, especially memory consolidation during ripple oscillations. 

Keywords: Hippocampus; Calbindin; pyramidal neuron; neural coding; oscillations 
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Abstract: Objective Oxytocin receptors are largely expressed in brain structures that are important 

in modulation of fear learning (e.g. medial prefrontal cortex and amygdala), suggesting that 

oxytocin may be a promising pharmacological candidate in treatment for anxiety disorders. A 

growing body of evidence demonstrates that oxytocin facilitate threat learning and extinction across 

species. However, almost all of previous studies were conducted in male subjects, which limit the 

clinical application of oxytocin. The present study is to explore whether there are any sex 

differences of oxytocin effect on threat reversal learning. Methods In a double-blind, placebo-

controlled study, between-subject design, 180 healthy human individuals (half females) completed 

a threat reversal learning experiment with skin conductance response (SCR) as measure of threat. 

Results (1) Without oxytocin administration, female subjects showed impaired threat reversal 

learning ability when compared to male subjects. (2) Intranasal oxytocin before experiment 

facilitate threat reversal in female subjects but not in males. Conclusion The effect of oxytocin on 

flexible control of threat is sex-dependent, thus in a therapeutic context oxytocin may potentially 

produce different effects on anxiety disorders in men and women. 

Keywords: oxytocin; threat learning; sex differences; physiological arousal  
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Abstract: Objective DNMT3L is an epigenetic regulator that interacts with de novo 

methyltransferases DNMT3A/3B to stimulate DNA methylation. It also affects gene expression 

through modulating transcription factor independent of DNA methylation. We found abnormal 

learning and memory in DNMT3L-overexpreeing drosophila, which may be attributed to synaptic 

dysfunction in transcription factor related pathway. The present study is to explore whether Dnmt3l 

regulates synaptic plasticity through transcription factor Esr1. Methods RNA sequencing was used 

to detect the expression difference between wild type and DNMT3Lelav-Gal4 drosophila, as well as 

wild type and Dnmt3lEmx1-cre mice. Visual-taste or olfaction-taste associative memory tests were 

used to examine the learning and memory of wild type and DNMT3Lelav-Gal4 drosophila. QRT-PCR 

and Western blot were used to detect the RNA and protein expressions of selected genes. Co-

immunoprecipition assay was used to identify the interaction between Dnmt3l and Esr1. Dual 

luciferase reporter assay and ChIP experiment were used to measure if Esr1 interacts with certain 

synaptic protein promoters. Results DNMT3L overexpression upregulated gene expression of 

several synaptic proteins including cpx, stj, RyR, and Unc115b in drosophila, their corresponding 

homologous genes Cacna2d1, Cacna2d3，Ryr2, and Ablim1 were also upregulated in cortex of 

Dnmt3lEmx1-cre mice. Dnmt3l interacted with Esr1 in and enhanced its transactive function on above 

synapse related genes. Conclusion Dnmt3l upregulated synaptic protein (Cacna2d1, Cacna2d3，

Ryr2, and Ablim1) expression through enhancing Esr1 to modulate synaptic plasticity transactive 

activities.  

Keywords: Dnmt3l; Esr1; synaptic plasticity; transcriptional factor 
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P-181 

索马鲁肽在 Gabrg2 突变小鼠遗传性癫痫伴热性惊厥附加症中

的改善癫痫、神经保护及改善认知作用 

 

摘要： 

目的：探讨长效 GLP-1 类似物索马鲁肽在遗传性癫痫伴热性惊厥附加症模型鼠中的改善癫痫、

神经保护及改善认知作用。 

方法：取 SPF 级雄性海马及新皮质 Gabrg2 条件性敲除小鼠,外源性制热源红外灯照射建立热

性惊厥附加症模型成功后,隔天分别给予索马鲁肽 10nmol/kg 及 25nmol/kg 腹腔注射,连续 4 周。

4 周后再次给予红外灯照射诱发癫痫发作，运用脑电监测及 Racine 评分观察癫痫发作情况,旷

场实验、IntelliCage 行为学监测系统观察小鼠行为学变化,Nissl 及 Tunel 染色观察索马鲁肽对

癫痫小鼠海马神经元形态结构的影响，免疫荧光、免疫组化及 Western blot 检测索马鲁肽对

小鼠海马神经元 NLRP3、ASC、Caspase-1 p20、IL-1β、IL-6、Bax、BCL-2 和 Cleaved 

caspase-3 蛋白表达的影响。脂多糖及尼日利亚菌素激活小胶质细胞，索马鲁肽处理激活后的

小胶质细胞，流式细胞仪检测 IL-1β、IL-6、IL-18 及 TNF-α等炎性因子的表达情况。 

结果：与对照组相比 ,索马鲁肽降低了 Gabrg2 基因突变鼠癫痫小鼠的癫痫发作等级

（P<0.01）,延长了发作潜伏期（P<0.01）,增加了癫痫小鼠旷场实验移动距离（P<0.01）,增

加了中央区停留时间（P<0.01） ,并增加 IntelliCage 行为学监测系统 4 个阶段访问次数

（P<0.05）及鼻触次数（P<0.01）;索马鲁肽降低了 NLRP3、ASC、Caspase-1 p20、IL-1β、

IL-6、Bax 和 Cleaved caspase-3 蛋白的表达（P<0.05）,升高了 BCL-2 蛋白的表达（P<0.01）。

索马鲁肽降低了脂多糖及尼日利亚菌素激活的小胶质细胞中 IL-1β、IL-6、IL-18 及 TNF-α

等炎性因子分泌。 

结论：索马鲁肽可改善遗传性癫痫伴热性惊厥附加症小鼠的癫痫发作和认知功能,可能通过影

响NLRP3炎性小体等炎症信号通路抑制致痫小鼠海马神经元凋亡来发挥改善癫痫、神经保护

及改善认知等作用。 

关键词：索马鲁肽；遗传性癫痫伴热性惊厥附加症；改善癫痫；神经保护；改善认知 
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Extinction 
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Abstract：One hallmark of posttraumatic stress disorder (PTSD) involves impairments in the 

ability to extinguish conditioned fear memory. Accumulating evidence suggests that extinction 

training that occurs shortly after fear conditioning is less effective than delayed extinction training 

in yielding long-term extinction memory, a phenomenon that is referred to as immediate extinction 

deficit (IED). However, unknown is whether the IED is just an aberration or continues to affect re-

extinction.  

In Experiment 1, 32 Sprague-Dawley rats were randomly divided into four groups (Immediate-

Extinction, Immediate-No Extinction, Delayed-Extinction, Delayed-No Extinction) and underwent 

a standard fear conditioning procedure in which they received five tone-footshock trials in chamber 

A. After either 1 h (immediate) or 24 h (delayed), half of the animals underwent 30 extinction trials 

(1st extinction session) in chamber B where the tone was presented alone. The other half remained 

in chamber B without any tone or footshock (these animals served as a no-extinction control group). 

Twenty-four hours later, these rats underwent the 2nd extinction session (re-extinction) in chamber 

B. Twenty-four hours after the 2nd extinction session, the rats were once again returned to chamber 

B and tested for their fear response to four continuous tones. The fear response was assessed by 

freezing behavior, and the effect of the 1st extinction session was assessed by the average freezing 

response across the first four trials of the 2nd extinction session. Compared with rats in the delayed 



The 14th Annual Meeting of Chinese Neuroscience Society 

extinction group, recently conditioned rats exhibited significantly higher levels of fear in the 2 nd 

extinction session, although an equivalent decline in freezing was observed in both groups across 

the 1st extinction session, suggesting that immediate extinction failed to maintain fear suppression 

the next day. Furthermore, after undergoing two extinction training sessions, rats in the immediate 

extinction group exhibited no significant reduction of freezing compared with the non-extinguished 

control during the retention test, suggesting that the deficit reappeared during re-extinction. 

The aim of Experiment 2 was to investigate whether the deficit that was induced by immediate 

extinction could be rescued by the β-adrenergic receptor antagonist propranolol. In Experiment 2, 

20 Sprague-Dawley rats underwent the same procedures as the immediate extinction groups in 

Experiment 1, with the exception that they received saline or propranolol (10 mg/kg, i.p.) within 

minutes after fear conditioning. We found that one injection of propranolol immediately after fear 

acquisition rescued the deficit of re-extinction but not immediate extinction. 

This study revealed that the early extinction intervention after severe trauma may not only fail to 

inhibit the fear response but also act as a secondary trauma which can continually damage the 

ability to extinguish fear memory. Propranolol may be a good candidate to repair such damage. Our 

findings improve our understanding of the pathogenesis of PTSD and outcomes of an early 

intervention and may be helpful for selecting appropriate and effective interventions after trauma 

exposure and avoid secondary trauma that is caused by the intervention itself. 

Key words: fear conditioning, extinction, immediate extinction deficit, β-adrenergic receptor 

antagonist, propranolol 
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PHD finger protein 15 deficiency in mice impairs synaptic 

plasticity and cognitive function 
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Abstract: Objective Understanding the cellular and molecular mechanisms underlying the 

formation and maintenance of memories is a central goal of the neuroscience community. It is well 

regarded that an organism's ability to lastingly adapt its behavior in response to a transient 

environmental stimulus relies on the central nervous system's capability for structural and 

functional plasticity. Over the last decade, there has been increasing evidence that epigenetic 

proteins play a more important role in the memory process. Here, we found that the PHD finger 

protein 15 (PHF15) facilitates synaptic plasticity and memory formation in mice. Methods We 

used novel object recognition, Morris water maze and fear conditioning test to examine the 

memory-related behaviors. In addition, we performed electrophysiological recording with 

hippocampus slices of virus injected mice and made knockout mice through CRISPR-Cas9 method. 

Finally, we adopted bulk RNA-sequencing to find the potential target genes of PHF15. Results The 

results indicate that PHF15 is upregulated by neuronal activity in vivo and in vitro. Knockdown of 

PHF15 via shRNA viruses or knockout of PHF15 in the hippocampus impairs synaptic structure 

and functional plasticity, leading to cognitive function deficits. Conversely, overexpression of 

PHF15 in the CA1 facilitates synaptic plasticity and memory formation. Mechanistically, we show 

that PHF15 deficiency disrupts synaptic plasticity and memory mainly by transcriptional repression 

of Rac family small GTPase 1 (Rac1). Conclusion Our results demonstrate that PHF15 plays a 

critical role on regulating synaptic plasticity and memory formation. 
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Abstract: Hippocampal Place cells are principal neurons which fire selectively in specific locations. 

They have been proposed to participate in spatial navigation and spatial memory formation. 

Animals could integrate information from self-motion, sound and visual cues to support stable 

representation of the environment by place cells when exploring the environment. In the past few 

decades, extensive studies have shown that place cell firing is often anchored to salient visual 

landmarks in the environment, and changes of the environment would cause a non-uniform 

remapping among place cells. However, we still don't know to what extend do place cells of 

individual animal remap due to environmental changes. To answer this question, we trained 7 rats 

to shuttle back and forth in a novel rectangle track and recorded firing activities of place cells. The 

track was rotated 180° after place cells form a stable representation of the environment, and changes 

of firing properties of place cells were monitored continuously. We found that place cells showed 

two distinct spatial firing pattern changes (remapping paradigm) in seven rats before and after track 

rotation. In three of the seven rats, place fields are maintained as they were in the original track, 
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while place fields from the other four rats rotated 180° to follow the track. These results suggest 

heterogeneity of hippocampal spatial coding paradigm. Rats can build a spatial map within the 

hippocampus based on landmarks either inside or outside the running track. These finding provides 

further clues towards our understanding of the encoding mechanism of spatial information.  

Keywords: hippocampus, place cell, spatial encoding 
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Abstract: Individuals vary in their vulnerability to develop anxiety disorder such as post-traumatic 

stress disorder (PTSD) and responsivity to cognitive therapy. This justifies research in this area to 

identify factors and/or markers to predict individuals’ vulnerability, resilience, and response to 

therapy. Here, we generated fear acquisition, extinction and recovery datasets in mice. We 

implemented three learning models (Rescorla-Wagner, Hebb and Integrative model) to simulate 

fear learning under the restrictions of real experimental data. We identified the learning rate (S) 

and maximum fear response (Rmax) as major factors determining the dynamics of fear acquisition 

in individual mice. The value S*Rmax positively correlated with the strength of fear memory, 

extinction rate and spontaneous recovery of fear. Furthermore, we applied the same computational 
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approach to human fear conditioning/extinction/recovery datasets and found that S*Rmax predicted 

fear memory, efficacy of extinction and recovery of fear. Thus, the mathematical derivative 

S*Rmax serves as an intrinsic factor reflecting the quality of individuals’ fear learning. To a certain 

extent, this derivative predicts the strength of fear memory formed by an individual, the efficacy 

of extinction and the possibility of spontaneous recovery after extinction. 

Keywords: fear conditioning; Hebb model; Rescorla-Wagner model; spontaneous recovery; post-

traumatic stress disorder (PTSD) 
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TRPM7 regulates synapse density, plasticity and learning & 

memory by modulating cofilin activity via its intracellular kinase 

domain 

 

Abstract： The TRPM7 chanzyme contributes to several biological and pathological processes in 

different tissues. However, its role in the CNS under physiological conditions remains unclear. 

Here, we show that TRPM7 knockdown in hippocampal neurons reduces structural synapse density. 

The synapse density is rescued by the α-kinase domain in the C terminus but not by the ion channel 

region of TRPM7 or by increasing extracellular concentrations of Mg2+ or Zn2+. Early postnatal 

conditional knockout of TRPM7 in mice impairs learning and memory and reduces synapse density 

and plasticity. TRPM7 knockdown in the hippocampus of adult rats also impairs learning and  

memory and reduces synapse density and synaptic plasticity. In knockout mice, restoring 

expression of the α-kinase domain in the brain rescues synapse density/plasticity and memory, 

probably by interacting with and phosphorylating cofilin. These results suggest that brain TRPM7 

is important for having normal synaptic and cognitive functions under physiological, non-

pathological conditions. 
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Abstract: Objective Recently, changes in food composition and availability have contributed to 

the dramatic increase in obesity, and evidences support that hippocampus-dependant learning and 

memory processes are influenced by obesity. However, the mechanism of diet-induced obesity 

(DIO) affecting the hippocampal learning and memory are incompletely understood. The present 

study is to explore the possible involvement of glutamate (Glu) and its NMDA receptor of the 

hippocampal dentate gyrus (DG) in spatial learning and memory alteration induced by DIO. 

Methods DIO rat models were prepared by feeding with high-fat diet for 12 weeks. The spatial 

learning and memory ability of rat was assessed by Morris water maze, and the Glutamate (Glu) 

concentration in the DG was determined by in vivo microdialysis and HPLC; and then the 

expressions of 2B subunit of NMDA receptor (NR2B), p-CaMKII, p-CREB and BDNF were 

observed by Western blot. Next, the effects of NMDA receptor in the DG on DIO-induced alteration 

of spatial learning and memory were examined by using microinjection of the antagonists (MK-

801) into the DG. Results (1) In DIO group, the spatial learning and memory were impaired, the 

Glu response during spatial learning and NR2B expression in the DG were increased, and the 

expressions of p-CaMKII, p-CREB and BDNF in the DG were decreased. (2) MK-801 reversed the 

inhibitory effects of DIO on the spatial learning and memory, and the expressions of p-CaMKII, p-

CREB and BDNF in the DG. Conclusion Over-activation of Glu-NMDA receptor signals in the 

DG involves in DIO-induced spatial learning and memory impairment, which may be related to the 

down-regulation of CaMKII-CREB-BDNF pathway.  
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Keywords:  Diet-induced obesity; hippocampal dentate gyrus; glutamate; NMDA receptor; spatial 

learning and memory  
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Abstract:  The identification of the firing patterns of specific neuronal types helps to understand 

the mechanism of neural networks. When using in vivo multichannel recording techniques, how to 

link the recorded neural firing information to a specific neuronal type is a problem to be challenged. 

CaMPARI2, a fluorescent mEos derivative that undergoes efficient and irreversible green-to-red 

conversion only when elevated intracellular Ca2+ and experimenter-controlled UV illumination 

coincide, can be potentially applied to permanently label neurons with specific firing patterns. In 

this experiment, the feasibility of combining recording technique with CaMPARI2 was tested both 

ex vivo and in vivo. In acute slices patch clamp recording, we verified that UV illumination 

following electrical stimulation can effectively label patched neurons with gradually increased 

photoconversion ratio from green to red, and further demonstrated that the labeling efficiency 

varied with different stimulation patterns. Accidentally, we found that when applied to different 

brain regions, the same CAMPARI2 stimulation protocol resulted in specific photoconversion 

efficiency. In multichannel recording, we administrated UV illumination according to the protocol 
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from ex vivo experiments through optic fiber right after each recorded spike, the only neuron was 

identified with red fluorescence near the electrode tip in 1 of 3 experimental mice. As noted above, 

we provide a new in vivo-based single neuron labelling strategy combine with multichannel 

recording techniques. We are now beginning to establish the link between specific 

electrophysiological differences with specific neuronal types. 

Keywords: CaMPARI2, multi-channel recording, patch clamp 
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Abstract: Hippocampal theta oscillation is closely related to memory formation, spatial navigation, 

and cognitive learning in animals. Lesion of Medial septum (MS) can eliminate hippocampal theta 

oscillation in rodents. MS GABAergic neurons are considered to be the pacemaker in hippocampal 

theta generation. Using multi-channel in vivo recording techniques, we recorded putative 

GABAergic neurons in the MS region of freely moving C57/BL6 mice. Some of the neurons fired 

periodically and were phase-locked to the hippocampal theta oscillation, which suggested 
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involvement in theta modulation. To further identify the biochemical marker of these GABAergic 

neurons, we combined in vivo recording electrophysiological with optogenetics. We injected DIO-

eNpHR into MS region of parvalbumin (PV)-cre mice to express inhibitory optical channel on PV-

positive neurons and then recorded the MS neural activity. We recorded 7 periodically firing 

GABAergic neurons, which firing activity were in response to optical stimulation. Among the 7 

neurons, the firing activity of 3 neurons were immediately inhibited by photo-stimulation, 

indicating that they were PV-positive interneurons. The firing activities of the remaining 4 neurons 

were inhibited by opto-stimulaion after a short-time delay, demonstrating that they were indirectly 

regulated by PV-positive GABAergic neurons. During optical stimulation, the power and amplitude 

of hippocampal theta oscillation were significantly reduced. To further investigate the effect of PV-

positive medial septal GABAergic neurons on theta oscillation, we combined in vivo 

electrophysiological recording with chemogenetic inhibition (DREADDs). We injected DIO-

hM4Di into MS region of PV-cre mice. Intraperitoneal injection of CNO inhibited the firing of all 

PV-positive neurons in MS. We found that the theta power was significantly reduced, but not 

eliminated.  These results indicate that MS PV-positive GABAergic neurons contribute in 

regulating hippocampal theta oscillation. These studies are of great significance for understanding 

the formation of hippocampal theta oscillation. 

Keywords: Hippocampus, Theta oscillation, Medial septum, GABAergic neuron, Parvalbumin 
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Effects of Retrieval and Emotion on Within-item Associative 

Memory - Evidence from ERP and Oscillatory Subsequent 

Memory Effects 

 

Abstract:  Previous studies have shown the effects of retrieval practice and emotion on associative 

memory separately. However, it is yet clear what are the related neural mechanisms and how the 
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two factors together influence within-item associative memory? We examined this question by 

using different learning strategies (restudy vs retrieval practice) to memorize emotional words. 

Behaviorally, the source memory was impaired by the negative compared to the neutral conditions 

and enhanced by the retrieval practice compared to the restudy conditions without an interaction. 

Correspondingly, neural subsequent memory effects (SME) of 500-700ms ERPs and alpha 

desynchronization were found for the neutral but not for the negative condition; Parietally 

distributed SME of 500-700ms ERPs and alpha desynchronization were found for the retrieval 

practice but not for the restudy condition. These results demonstrated the effects of emotion and 

retrieval practice on subsequent memory, and the role of 500-700ms ERPs and alpha 

desynchronization in these effects. 
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Abstract: Objective To explore the neuroprotective effect of GSS on vascular dementia (VaD) 

rats and its possible Mechanism. Methods: Morris water maze test and conditioned fear experiment 

were used to detect the spatial learning memory and fear memory of VaD in rats; HE staining and 

Nissl staining were used to determine the changes of neuronal damage in the hippocampal CA1 

area of  VaD rats; iTRAQ technology was used to detect protein expression and futher analyzed 

differential proteins through the bioinformatics methods (protein quantitative analysis, GO analysis, 

KEGG analysis, cluster analysis).In addition, q-PCR or WB were used to detect the level of Beclin-

1, LC3II, mTOR, Akt, P70s6k or ULK-1. Results: GSS can significantly improve the learning or 

fear memory abilities of VaD rats, and reduce neuronal damage in the hippocampal CA1 area. It 

suggests that the protective effect of GSS on VaD.And the results of biosynthesis analysis showed 

that GSS can inhibit autophagy, too. Futher the results of q-PCR and WB showed that GSS can 

reduce levels of Beclin-1, LC-3B and ULK-1 in the hippocampus, while increase mTOR, Akt and 

P70s6k. Conclusions: GSS can reduce the hippocampal neuron damage and improve the memory 

function of Vad rats by inhibitting the excessive autophagy in the hippocampal neurons,  its 

mechanism may be related with activating the Akt/mTOR pathway.   

Key Words: GSS, autophagy, Akt/mTOR, vascular dementia 
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Abstract: In vivo characterization of the electrophysiological characteristic of the neurons can be 

revealed by multi-channel recording techniques in free-moving animals. Ideally, for precisely post 

hoc “snapshot” those neurons with temporal resolution, we would like to employ a method that 

combines the electrophysiological recording with CAMPARI2 which is a new type of fluorescent 

calcium indicator that efficiently undergoes an irreversible green-to-red conversion in the presence 

of violet light illumination and high calcium ion concentration. In order to calibrating CaMPARI2 

photoconversion ratio in specific neuronal types, we expressed DIO-CaMPARI2, combine with 

eNpHR3.0 in mPFC and CA1 regions of PV-Cre transgenic mice. Firstly, we continuously marked 

active neuronal populations in mice during high platform with/without UV illumination through 

optic fiber for 10 mins. We found that only the group of mice undergoes behavior coincided with 

UV light shows correlated higher photoconversion ratio in both mPFC and CA1 regions. Those 

data confirmed that we can apply CAMPARI2 for specific neuron labeling. Further, we repeatedly 

pairing the spiking with 2 ms delay, 5 ms duration with UV illumination after successfully 

optotagging. We hope to identify accumulated photoconversion with bright red fluorescent 

exclusively in PV+ neurons near the optotrodes and will confirm their identical with post hoc 

immunohistochemistry or gene expression profiling. As a complement to existing opsin-assisted 

electrophysiology for in vivo characterization of neuronal types, the CAMPARI2-opsin 

combination opens up avenues for marking recorded neuronal populations, improving future studies 

of functional connectivity. 

Keywords: Multi-channel recording, CaMPARI2, PV+ interneuron, optotagging 
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Abstract: Objective To investigate whether short-term memory in the hippocampus (HPC) is 

actively maintained as working memory as in the prefrontal cortex (PFC) or just retain the last 

event as passive memory trace. Method We devised a new delayed matching-to-sample task, where 

two visual items were presented at different locations one by one as samples while participants 

were required to maintain item identities and locations of the two samples for following behavioral 

decision. Representation similarity analysis was applied to the BOLD signal to characterize delay-

period activity in the HPC and PFC. Result Both whole-brain searchlight and region-of-interest 

analysis revealed that the right HPC signaled only the second sample as a conjunctional 

representation of its item identity and location. In contrast, the right PFC represented the 

conjunctional information of two samples, which was supposed to be maintained as working 

memory for subsequent behavioral decision. Conclusion The HPC and PFC functions differently 

in short-term memory. The PFC works for working memory while the HPC sustains information of 

the last event. 

Keywords：working memory; hippocampus; prefrontal cortex; representation similarity analysis  
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Abstract: Objective Torque learning in flight simulator is the experimental paradigm of 

operational self-learning of associative learning and memory in Drosophila. The neural circuits 

related to torque learning are unknown. Recent evidence suggests that the PB (protocerebrum 

bridge) and EB (ellipsoid body) of central complex in Drosophila are involved in torque learning. 

METHODS: TNTE blocking strategy was used to screen brain regions in flight simulator. Finally, 

it was found that the PB and EB were essential in torque learning. Results (1) EB was involved in 

torque learning and memory. (2) All tested Ring neurons in EB were acquired in torque learning. 

(3) PB was involved in torque learning. Conclusion PB and EB are necessary in torque learning. 

Keywords: Torque learning; self-learning; central complex; Protocerebrum Bridge; ellipsoid body 
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Abstract: Learning and memory are crucial for animal’s survival and reproduction in an ever-

changing world. While the mechanism underlying memory have been studied intensively, how 

memory is acquired during learning remains largely unclear. Here, taking advantage of larval 

zebrafish in brain-wide neuronal activity monitoring in vivo, we examined how associative learning 

emerges from cooperation of brain-wide neuronal circuitries in a classical fear conditioning task. 

In a delayed fear conditioning paradigm, in which we paired a red flash (conditioned stimulus, CS) 

with a mild electric shock (unconditioned stimulus, US), larval zebrafish gradually developed CS-

evoked tail movement during conditioning. Interestingly, different individuals displayed 

differential learning rate during conditioning. Fast learners no longer displayed CS-evoked tail 

movement after over-training. Moreover, fish displaying passive state transition during 

conditioning would not associate CS and US successfully. In learners, we observed that widely 

distributed neurons exhibited newly emerged CS-induced responses after conditioning while the 

trajectory of global spontaneous activities showed a shift after conditioning, indicating that learning 

is merged from a distributed neural network. In particular, subpopulation neurons in the cerebellum 
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robustly and gradually developed CS-induced responses during conditioning, suggesting that 

cerebellum may play a critical role in fear conditioning. Next, we will combine target-specific 

optogenetic manipulation and single-cell axon projection mapping to identify the core circuitry of 

learning. 

Keywords: Fear conditioning, whole-brain calcium imaging, cerebellum, zebrafish 
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Abstract: Objective The histone lysine demethylase KDM7A plays a critical role in 

neurodevelopment by demethylating H3K9/K27me2. Previous study reported that Kdm7a 

transcript decreased in the medial prefrontal cortex (mPFC) after cocaine exposure. However, its 
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role in drug addiction was largely unknown. The present study is to explore whether KDM7A 

modulated morphine-induced addictive memory, as well as its underlying mechanisms. Methods 

The expression level of KDM7A was quantified by PCR and Western Blotting. The effect of 

KDM7A on behavior was measured by conditioned place preference, combined with kdm7a-

shRNA. Results (1) Both mRNA and protein were upregulated in spatio-temporal manner. (2) 

Knock-down of KDM7A in the mPFC dramatically inhibited memory retrieval. (3) The histone 

H3K9me2 was involved in morphine withdrawal, rather than H3K27me2. Conclusion The histone 

lysine demethylase KDM7A in the medial prefrontal cortex mediates morphine-induced addiction 

memory. 

Keywords: KDM7A; H3K9me2; medial prefrontal cortex; addiction memory 
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Abstract: Memory engram cells selectively respond to memorized events and causally trigger 

memory retrieval. However, the neural circuits that activate engrams specifically and sustain their 

activities are unknown. We found in contextual fear and spatial memory tasks, while activation of 

engrams in individual sensory cortices and retrosplenial cortex evoked memory recall, joint 

inactivation of them blocked memory retrieval. Contextual memory activated neurons formed 

laminar gradience of activity and context selectivity from layer 4 (L4) to L5 to L2. Engrams in L2 

were linked by monosynaptic intra- and inter-layer connections, forming recurrent circuit between 

L2 and L5, constituting a local, multi-laminar unit to retain activity patterns during memory 

retrieval. Inhibition of synaptic transmission feedback from L5 neurons abolished local activities 

of L2 engrams and impaired memory retrieval. Our data elucidate a graded laminar engram circuit, 

as the local memory units, connected by long-range cortical-cortical connections, underlying the 

context-dependent memory storage. 

Keywords: memory engram cell; cortical microcircuit; recurrent connection；in vivo imaging; 

viral tracing 

 

Back to top ↑ 

 

 

mailto:guanjs@shanghaitech.edu.cn


The 14th Annual Meeting of Chinese Neuroscience Society 

P-198 

Short-term plasticity of ephemeral correlated activity underlies 

stable working memory maintenance 

 

Jian Yao1,2, Ruiqing Hou1, Hongmei Fan1,3, Jincan Hou1, Xiaoxing Zhang1, Chengyu T. Li1,2,4* 

 

1Institute of Neuroscience, State Key Laboratory of Neuroscience, CAS Center for Excellence in Brain 

Science and Intelligence Technology, Chinese Academy of Sciences, Shanghai Center for Brain 

Science and Brain-Inspired Technology, Shanghai 200031, China. 

2School of Future Technology, University of Chinese Academy of Sciences, Beijing 100049, China 

3Present address: Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China 

4Lead Contact 

 

*Correspondence: tonylicy@ion.ac.cn. 

 

Abstract: Working memory (WM) maintains and manipulates information for a short delay 

period1,2. Spiking activity of either persistent 3-12 or transient patterns13-30 during the delay period 

was thought as the neural underpinning of WM. Recently synaptic theory involving short -term 

plasticity was proposed for WM31-34. Here we show that ephemeral correlated activity and its short-

term plasticity are critical for stable maintenance of WM. Optogenetic manipulation and single-

neuron recording in head-fixed mice performing a delayed-response task demonstrated that 

transient and sustained neuronal activity of medial prefrontal cortex (mPFC) and anterior agranular 

insular cortex (aAIC) were important for performance. Spike-correlogram analysis showed that the 

neurons encoding the same WM information exhibited higher functional coupling only briefly 

during the delay period, even for the neurons with sustained WM-encoding activity. The ephemeral 

functional coupling from different neuronal pairs tiled over the entire delay period, thus allowing 

stable maintenance of WM. Simultaneous recording and pathway-specific optogenetic 

manipulation demonstrated that the strength and short-term plasticity of functional coupling were 

tightly linked with modulation of behavioral performance. Specifically, optogenetic excitation of 

mPFC-to-aAIC pathway enhanced WM performance while increasing the strength and short-term 

plasticity of functional coupling among aAIC neurons. Conversely, optogenetic suppression of the 
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pathway impaired performance while reducing functional coupling and short-term plasticity. Our 

results therefore suggest the critical importance of ephemeral correlated activity and its short-term 

plasticity in maintaining WM.  

Keywords: Working memor; optogenetics; neuronal dynamics; functional coupling; short-term 

plasticity  
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Abstract: Objective Neuronal activity in many brain regions is required to retain and manipulate 

working memory (WM) during a delay period. However, it remains unclear how these brain regions 

coordinate to work together in maintaining WM information. The present study is to explore the 

hierarchical encoding of working memory across multiple brain regions. Methods We recorded 

brain-wide neuronal activity by Neuropixels probes in mice performing an olfactory two-alternative 

forced choice task, using different degree of mixture odors. In this task, mixture of two pure odors 

was delivered at different concentration ratios, mice were required to retain the odor information 
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and identify the dominant odor during delay to guide rewarding decision. Results (1) More than 

20,000 neurons were recorded in more than 40 brain regions, including anterior olfactory nucleus, 

agranular insular area, orbital area, hippocampal region and thalamus. (2) Transient brain-wide 

activities were predominant in maintaining working memory. (3) Regions showed hierarchical 

organization for different levels of abstraction. Some brain regions encode for sensory features, 

such as anterior olfactory nucleus, while others encode more abstract categorical information, 

including orbital area and hippocampal region. Conclusion Brain regions are hierarchical 

organized to encode working memory. 

Keywords: working memory; mixture odor categorization; neural recording; hierarchical encoding  
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Abstract: Neuronal activity in many brain regions is required to retain working-memory 

information during a delay period, but a global picture of delay-period activity dynamics remains 

unclear. We recorded brain-wide neuronal activity by Neuropixels probes in mice performing an 

olfactory working-memory task and found predominately transient brain-wide activities in 

maintaining working memory. Correlation analysis showed strong cross-region functional coupling 

within 10 msec in the neurons encoding the same working-memory information, which formed 

brain-wide activity network. Furthermore, optogenetic perturbation of neural activity briefly in a 

single region induced modulation in neuronal activity via brain-wide network, which changed 

maintenance of sensory working memory. Brain-wide dynamics maintain sensory working memory 

and could play critical roles in cognition. 

Keywords: large-scale Neuropixels probe recording, working memory, delay-period activity, 

transient dynamics 
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Abstract: Objective Many brain regions have working-memory encoding ability, and this 

information coding redundancy may contribute to working-memory robustness. Previously we have 

showed that optogenetic suppression of delay-period activity of medial prefrontal cortex (mPFC) 

and anterior agranular insular cortex (aAIC) resulted in impaired performance in a working memory 

task only during learning phase, but not in well-trained phase. The current study aims to reveal the 

brain-wide modulation in neuronal dynamics during learning and well-trained phases of a working-

memory task. Methods Neuronal activities were recorded by Neuropixels probes in mice 

performing an olfactory working-memory task. Sustained and transient neurons were defined by a 

significant sample discrimination during different number of delay bins. Functional coupling was 

computed by shift-predictor-subtracted cross-correlogram. Results (1) We found that brain-wide 

neuronal dynamics were dominated by transient encoding of working-memory information during 

delay period. (2) The connection density of cross-regional memory neurons with same sample 

preference increased from learning to well-trained phase, while within-regional counterparts 

decreased. Conclusion The transient nature of working-memory coding ability is progressively 

established through learning.    
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Keywords： working-memory; learning; delay-period activity; transient dynamics  
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Abstract: Objective Recently the allocation of resources in working memory (WM) to resist 

distraction has received substantial attention. Specifically, in a visual singleton search task, the 

attentional templates of targets and distractors were concurrently represented in the WM, and the 

allocation of resources between two or more attentional templates may be balanced and flexibly 

adjusted. However, few study has investigated whether the value distractor (the attentional 

templates of reward- and punishment-associated distractors) was dynamically modulated by WM 

resources. The study using a visual singleton search task, combined the eye tracking technique and 

working memory (WM) load manipulation to investigate this issue. In this study, we aimed to 

examine the role of working memory in the inhibition of value distractor and to reflect the dynamic 

allocation of resources in working memory may base on the value of distractors.  
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Methods 37 students in selective value group and 30 students in control group (baseline) were 

recruited and they were from Southwest University. In the selective value group the blue and orange 

distractor was respectively imbued with reward and punishment (reward and punishment are 

quantitatively equal). In the baseline group that the blue and orange distractor were not imbued 

with value. The participants sat in the test room with heads were positioned at a chin distance 

approximately 60 cm from the screen. The eyemoments data was collected by EyeLink 1000 system. 

Participants completed 10 blocks with singleton search task and memory tasks combined. These 

blocks alternated between low-load and high-load memory conditions. The participants should 

memorize the alphabet as accurately as possible, then search display were presented and 

participants were instructed to move their eyes to the diamond (target) as soon as possible, and 

ignoring the color-singleton distractor. A reward (500 points) was received or a punishment was 

avoid (deduction of 500 points) when participants make a quick eye movement to the target. The 

distractors were gray (no-distractor trials; filler trials), participants would randomly receive reward 

or avoid punishment with a rapid response to target. Afterward, the participants were asked to make 

keypress response to the letter that they previously had memorized especially where the question 

mask appeared on the one of six locations randomly. 

Results We found that truly pure attention resource related to reward distractor was captured 

irrespective of low and high load, and the attention was suppressed to punishment-distractor only 

at high load. Importantly, with increasing block the capture difference was enlarged between 

reward- and punishment-distractor conditions at high WM load. Which may indicated limited 

working memory dynamically allocated attention resource to inhibit reward- and punishment-

related distractor. 

Conclusions Dynamic allocation of resource to inhibit distractor depend on their relevance for the 

value especially in limited working memory.  

Keywords: working memory; inhibition; attentional templates 

 

Back to top ↑ 

 



September 16-19, 2021 Chongqing 

P-203 

Isoflurane mediates neurocognitive impairment after anesthesia 

by inhibiting cystathionine-β-synthase activity 

Peng Zhang1, †, Pei-Lin Cong2, †, Wen-Qiang Zuo1, Li Tian1,2, Guang-Chao Zhao1, *
, Li-Ze Xiong1,2, *

 

 

1 Department of Anesthesiology and Perioperative Medicine, Xijing Hospital, the Fourth Military 

Medical University, 127th West Changle Road, Xi'an, 710032, Shaanxi, China. 

2 Translational Research Institute of Brain and Brain-Like Intelligence, Shanghai Fourth People's 

Hospital Affiliated to Tongji University School of Medicine, Shanghai, China. 

 

*Corresponding author     

† These authors have contributed equally to this work 

E-mail: MZKXLZ@126.com 

 

Abstract: Objective Postoperative neurocognitive disorder (PND) is a severe postoperative 

complication with no effective therapy, which emerges as decreased cognitive function and 

memory during perioperative period. Our previous results showed that accumulation of serum 

homocysteine (Hcy) is a fundamental cause of PND, but the underlying mechanism remain unclear. 

The purpose of this study is to explore the reasons for the accumulation of Hcy during the 

postoperative period and the possible mechanism that is responsible for PND. Methods PND model 

was established by inhalation of isoflurane in C57 mice. Reason of Hcy accumulation was evaluated 

by crucial enzymes in different Hcy metabolic pathways, including the Cystathionine-β-synthase 

(CβS) in transsulfuration pathway and the B12 and folic acid in remethylated pathway. 

Furthermore, we explored the interaction mode between isoflurane and CβS at molecular level by 

NMR--WaterLOGSY technique.  Afterward, Multiple cognitive-related behavioral paradigms were 

used in CβS-flox transgenic animals to study the internal relationship between CβS and cognitive 

impairment after isoflurane anesthesia. Results (1) The content of Hcy in the hippocampus and 

cortex increases with a longer time of isoflurane inhalation. (2) NMR-WaterLOGSY showed that 

isoflurane molecule could directly bind to CβS protein and inhibit the activity of CβS protein . (3) 

Pre-activation of CβS could significantly improve the decrease of freezing time  in mice 
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induced by isoflurane. The protective effects were abolished by bilateral dorsal-hippocampal 

CβS-knockout. Conclusion Isoflurane inhalation can directly bind to CBS and reduce its 

activity immediately which cause Hcy accumulation in the brain. Preoperative pre-

activation of CβS can effectively reduce PND in mice, which may be a promising 

prophylaxis treatment in clinical settings. 

Keywords: Isoflurane, Perioperative Neurocognitive Disorders, Learning and memory, 

Homocysteine, Cystathionine-β-synthase. 
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ABSTRACT: Neuroscientific studies on the function of basal ganglia often look at the behavioral 

performance of patients with movement disorders, such as Parkinson’s disease (PD) and dystonia 

(DT), while simultaneously examining the underlying electrophysiological activity during the deep 

brain stimulation surgery. Nevertheless, to date, there have been no studies comparing the memory 

performance of PD and DT patients during the surgery. In this study, we assessed the memory 

behavior of PD and DT patients with Montreal Cognitive Assessment (MoCA) and the Mini-mental 

State Examination (MMSE). We also tested their memory performance during the surgery using a 

continuous recognition memory test. Results of MoCA and MMSE failed to reveal significant 

difference between the PD and DT patients. Also, no significant difference was detected by the 
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intraoperative memory test between the PD and DT patients. The intraoperative memory test scores 

were highly correlated with the MMSE scores and MoCA scores. Our data suggest that DT patients 

perform similarly to PD patients conducting cognitive tasks during surgery, and intraoperative 

memory test can be used as a quick memory assessment tool during surgery. 

Key Words: Intraoperative memory test, Parkinson’s disease, dystonia, cognitive impairment.  
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Abstract：Objective How memory is stored in the brain is an important issue. In recent years, 

engram theory suggests that memory is stored in neurons as environmental events. However, the 

circuit underlying the formation or selection of memory engrams is still unclear. Here, we reveal 
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the basic neural representation form of the simplest associative memory. Methods In vivo Calcium 

imaging for real-time recording of numerous neurons, optogenetic method based on TRAP, and 

cell-type specific chemical genetic method. Results (1) we observed reduced CS and US responses 

during associative learning in mouse visual cortex. Instead, a CS or US weakly activated neuronal 

ensembles, named as association neurons, were recruited. (2) These association neurons were 

association-specific, delay-time-independent and related to the behavior outputs. (3) Optogenetic 

activation of association neurons resulted in association-specific memory recall. (4) This re-

selection of association neurons was dependent on proper inhibition signals from PV+ interneurons 

and disinhibition signals from SOM+/VIP+ interneurons. Conclusion In contrast to the passive form 

of memory storage through reinforcement of connections within the sensory-engaged network, we 

reveal an active form of memory encoding by inhibition-dependent nonlinear selection of a new 

association-responsive neuronal ensemble as associative memory engram cells. 

Keywords: associative memory; primary visual cortex; in vivo 2-P calcium imaging; inhibitory 

circuit; memory engram cells 
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Abstract: When retaining a sequence of items in working memory, human subjects typically 

demonstrate recency effect in behavior, i.e., better memory performance for recently presented item 

compared to early items. Our recent studies further demonstrate that items located at different 

ordinal positions in the sequence tend to be stored in different latent sta tes of the memory network 

and are represented in different neural formats. Furthermore, when subjects do not need to retain 

the sequence order of items, the recency effect is largely disrupted. Here we built and trained a 

recurrent network model to perform sequence working memory tasks, aiming to examine i) how 

memory items in the sequence are represented in different task contexts and ii) how recency effect 

would emerge from the neural representations. Methods: A 256-unit LSTM recurrent network was 

built and trained to perform working memory tasks. Specifically, a list of items were first serially 

loaded in the network, and in the sequence task, the network was trained to memorize items as well 

as their ordinal positions, whereas in the non-sequence task, the network only needs to memorize 

items without sequence requirements. Moreover, we examined the multivariate neural 

representations of items in the principal component space (the first three PCs) of the network, in 

sequence and non-sequence tasks, respectively. Results: (1) The recurrent network model shows 

recency effect in sequence task and disrupted recency effect in non-sequence task, consistent with 

human behavior. (2) In sequence task, memory items that are located at different ordinal positions 

of the sequence are stored in different PC planes that are orthogonal to each other, and recent item 

is in planes with higher variation. (3) In non-sequence task, although memory items are represented 

in different PC planes during the encoding epoch, they start to transform to the same PC planes 

during the maintaining epoch. Conclusion: When sequence structure needs to be retained in 

working memory (sequence task), each item in the sequence is stored in distinct and orthogonal PC 

planes of the neural network, from which the recency effect emerges. When sequence structure is 

not needed to be retained (non-sequence task), items in the sequence are maintained in the same 

PC planes, leading to the disruption of recency effect. 
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Abstract： 

Objective Learning induces synaptic plasticity and rewiring of neuronal network to compile 

memories into the brain. Given the complexity of the cortical system, the structural features of 

learning-generated neuronal network have not been revealed at large scale.  Methods Here with in 

vivo two-photon imaging, we collected time-series multi-laminar and multi-regional activities of 

~3 million cortical neurons at cellular resolution in mouse during learning and further reconstructed 

functional connections between neuronal clusters using temporally smoothed network inference 

(TSNI) model with these spatial-temporal activity maps. Results From dynamic perspective, we 

found that learning increased long-range cross-regional connections but decreased short-range 

inner-layer connections. From functional perspective, these neuronal networks featured two types 

of hubs: task-specific cross-regional hubs (CRHs) and task-invariable but regional-specific inner-
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regional hubs (IRHs). In particular, the CRHs formed scale-free-like cross-regional subnetwork 

during learning to maintain the memory-related global activity patterns, implicating potential roles 

of the CRHs in long-term memory consolidation and storage. Conclusion These collected task-

induced time-series IEG expression datasets and the reconstructed functional connectomes suggest 

a particular pattern of cortical network underlying long-term memory encoding in neocortex. 

Keywords: neocortex; in vivo two-photon imaging; immediate early gene; network reconstruction 
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Abstract: Objective Epigenetic modification plays an important role in learning and memory of 

mammals. But the mechanism of epigenetic molecules involved in the process of memory encoding 

and consolidation is still unclear. Meanwhile, the hippocampal adult newborn neurons are critical 

for hippocampal-dependent cognitive processes. In this study, we will explain the function of 

histone methyltransferase Suv39h1 (Suppressor of Variegation 3-9 Homolog 1) in newborn neurons 

during memory encoding. 

Method Newborn neurons in hippocampus of Suv39h1 KO mouse were labeled by retrovirus. 

Excitatory changes and downstream targets in the labeled neurons were observed by RT-qPCR and 

immunofluorescence. Cognitive behavior was tested by Go/no Go task.  
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Results (1) Adult newborn neuron tends to be more inactive at the late maturation stage; 

(2) Suv39h1 defect decreases memory stability; 

(3) Activity induced shank1 expression is repressed by suv39h1 during learning. 

Conclusion Suv39h1 represses shank1 expression in memory encoding process and maintains the 

mouse memory stability in adult newborn neurons. 

Keywords: Epigenetic modification; Memory stability; Suv39h1; Shank1; histone methylation. 
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Abstract:Objective:In daily life,a healthy olfactory function could help us to differentiate the 

difference between two odors easily.Short-term or working memory is actively used for this 

differentiate task, and the short-term memory is essential for performing any olfactory 

comparison.However,the most important factors of odors in the chemical environment,including 

odor concentrations and odor valence, how to affect the odor cognitive process is still rarely 
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investigated.As is known to all, in the existing large number of studies on olfactory odor, odor is 

often divided into positive odor and negative odor, odor concentration is divided into strong 

concentration, medium concentration and weak concentration.Therefore, we explored the 

mechanism of how odor valence and odor concentration affect olfactory short-term 

memory.Method:Thirty-nine healthy adult right-handed subjects were recruited for the study.We 

selected iso-valeric acid (which smells like sweatfeet) and phenylethanol (which smells like roses) 

as negative and positive odors, which are not involved in trigeminal nerve processing.Propylene 

glycol is then used to dilute the two odors to strong, medium, and weak concentrations, 

respectively.Specifically, isovaleric acid (strong:1%; medium: 0.5%; weak: 0.1%); Phenylethanol 

(strong:100%;medium: 50%;weak:10%).We designed an odor paired detection procedure from 

GO/No-go paradigm（Figure 1）.We randomly assigned the subjects into active memory group(20 

subjects) or memory distraction group(19 subjects) and both groups were performed the odor 

concentration task and odor valence task.And the electrophysiological response information was 

recorded through olfactory event-related potential(OERP) during the task.The N700 component 

(from 400ms to 1400ms after S1 presentation) was selected as an early processing indicator for 

olfactory short-term memory encoding, while the interval of 1000ms before and after S2 

presentation was selected as a late processing indicator for olfactory short-term memory 

maintenance.Results:For the odor concentration task(Figure 2),in the early phase of olfactory 

memory encoding, we found that odor stimulation with medium concentration(P=0.001,ηp2=0.25) 

induced more significant negative amplitude in the frontocentral region(P=0.032,ηp2=0.094)(The 

anterior cingulate cortex/frontal eye filed associated with short-term memory) compared to odor 

stimulation with high and low concentrations.At the same time, in the late phase of olfactory 

memory maintenance, we still found the sustained activation of medium concentration of odor 

stimulation(P=0.008,ηp2=0.13) in the frontocentral region(P=0.000,ηp2=0.37).In addition, our 

study also showed that the valence of odor had no significant effect on olfactory short-term memory, 

and the encoding and maintenance of olfactory short-term memory were not affected by external 

distracted information.Conclusion:Different from previous studies on olfactory odors, our study 

showed that the sustained activation of olfactory short-term memory did not show a higher 

electrophysiological response with the increase of odor concentration.Instead, we suggest that the 

medium concentration of odor stimulation shows a peak of electrophysiological activity in the 

frontocentral area. In other words, the relationship between olfactory short-term memory and odor 

concentration shows an inverted U-shape. 

Key words: odor concentration; short-term memory; frontocentral; ERP; olfactory 
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Abstract: Growth hormone secretagogue receptor 1a (GHS-R1a), also known as ghrelin receptor, 

is an important nutrient sensor and metabolic regulator. Pharmacological studies have demonstrated 

the critical role of hippocampal ghrelin/GHS-R1a signaling in synaptic physiology and memory. 

Our previous study showed that GHS-R1a overexpression inhibits the excitability of CA1 

pyramidal neurons and impairs hippocampus-dependent memory formation. Then we tested 

whether elevated GHS-R1a expression in CA1 pyramidal neurons affects memory allocation in the 

hippocampus. Firstly, we injected a hM4Di DREADDs virus with or without concurrent GHS-R1a 

expression (aav-Camk2a-hM4D (Gi)-2A-Ghsr1a-sfGFP or aav-Camk2a-hM4D (Gi)-2A-sfGFP) 

into the CA1 area, to selectively express both hM4Di and GHS-R1a, either hM4Di or GHS-R1a 

only in pyramidal neurons. A strong OPR training protocol was used 4 weeks after virus injection 

to ensure that all groups of mice could acquire good, comparable long-term object-place memory. 

Clozapin-N-oxide (CNO) or normal saline (SAL) was applied by intraperitoneal (i.p.) injection 45 

min before memory recall. We found that object-place memory deficit induced by GHS-R1a 

overexpression in CA1 could be rescued by an intensive training. Interestingly, we found that CNO 

administration 45 min before testing impaired memory recall for object place only in aav-hM4D 

(Gi) mice, not in aav-hM4D (Gi)-Ghsr1a mice. The invalidity of CNO treatment on memory recall 
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of aav-hM4D (Gi)-Ghsr1a mice suggests that virus-transfected dCA1 pyramidal neurons with 

elevated GHS-R1a expression may not participate in memory engram for object place in 

hippocampal network.  

Keywords: GHS-R1a; hM4Di; GHS-R1a expression; CNO; memory 
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Abstract: Visual perceptual learning (VPL) is defined as substantial and long-term improvements 

in visual task performance after visual experience, typically after extensive training, and is 

considered a manifestation of neural plasticity. After acquisition, learning and memory can be 

stabilized and/or enhanced by non-invasive brain stimulation techniques (e.g., transcranial direct 

current stimulation (tDCS)) during consolidation, which can be implemented while awake or asleep. 

It has been well documented that sleep benefits the consolidation of VPL, while how VPL 
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consolidation occurs during wakefulness is poorly understood. In this study, we adopted tDCS and 

psychophysical methods to investigate the mechanisms underlying wakeful consolidation of VPL. 

Two groups of participants without regular napping habits were recruited. In the morning, 

participants undertook eight blocks of training on the texture discrimination task (TDT), 

immediately after which a 25-min active or 15-second sham tDCS at an intensity of 2.0 mA was 

applied over the visual cortex. Participants stayed awake during the day and completed a four-block 

post-stimulation test session 12 hours after the onset of the training session. We found that for the 

active stimulation group, the performance on TDT improved in the post-stimulation test session 

compared with the training session. No such beneficial effect was found for the sham stimulation 

group. In addition, the modulatory effect was not caused by confounding factors, such as the 

affective states, sleepiness, and sleeping behavior, nor was the performance gain induced by tDCS 

correlated with these factors, and thus demonstrating the critical role of anodal tDCS in the wakeful 

consolidation of VPL. Our findings showed that VPL consolidation can be facilitated by enhancing 

cortical excitability at the post-training stage. 

Keywords: perceptual learning; visual plasticity; non-invasive brain stimulation; tDCS; 

consolidation; vision 
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Abstract: Objective Early-life stress produces lasting and irreversible damage to hippocampus in 

development, plasticity and cognitive functions, which is an important risk factor for depression 

and other mental diseases. However, the mechanism of negative effects of early-life stress has not 

been elucidated clearly. In recent years, with the development of technology in neuroscience, the 

heterogeneity of hippocampal neurons has gradually been revealed. Our previous research found 

that calbindin, an important molecule in the regulation of synaptic plasticity and cognitive function, 

mediates the negative effects caused by early-life stress and that calbindin positive (CB+) and 

negative (CB-) pyramidal neurons in hippocampal CA1 area may play different roles in the 

regulation of cognitive functions. Thus, this research aims to explore the mechanism of different 

types of pyramidal neurons in the hippocampal CA1 area in mediating cognitive impairment caused 

by early-life stress, and provide new insights for the prevention and treatment of stress-related 

mental illnesses such as depression. Methods Based on our previous research, firstly, we developed 

the “limitted bedding and nesting materials” early-life stress model, and investigated its effects on 

various behavioral phenotypes as well as functional activity and morphological plasticity of CB+ 

and CB- pyramidal neurons in dCA1 by behavioral, morphological and molecular biology 

techniques. Secondly, we specifically inhibited or activated CB+ and CB- pyramids in dCA1 with 

combination of transgenic mice and chemical genetics technology to explore the role of different 

subtypes of pyramidal neurons in mediating cognitive impairment caused by early-life stress. 

Finally, by use of neural circuit labeling technology, we specifically manipulated the functional 

activity of medial entorhinal cortex (MEC) →dCA1 pathway to further explore the role of MEC→

dCA1 pathway mediated by different types of pyramidal neurons in dCA1 in mediating cognitive 

impairment caused by early-life stress. Results 1. Early-life stress specifically damaged the 

hippocampal-dependent spatial discrimination ability of adult male mice, but had no significant 

effect on anxiety or depression-like behaviors; 2. Early-life stress specifically reduced the dendric 

complexity of CB+ pyramidal neurons in the dCA1, but had no significant effect on the 

morphological plasticity of CB- pyramidal neurons. 3. In the spatial object recognition (SOR) test, 

pyramidal neurons in dCA1 were less activated in stressed group, whereas the activity of neurons 

in the non-pyramidal layer or other hippocampal subregions (CA3, dentate gyrus) was comparable 

between stressed and normal groups. Further analysis found that the activity of both CB + and CB- 

neurons in the pyramidal layer of the dCA1 area was significantly reduced in the stressed group; 4. 

Subsequently, with the help of CB-Cre transgenic mice and chemical genetic manipulation 
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technology, specific inhibition of the CB+ pyramidal neurons in dCA1 mimicked the negetive 

effects of early-life stress on cognition, whereas inhibition of CB - pyramidal neurons had no such 

effect; 5. Specific activation of CB+ pyramidal neurons in the dCA1 area reversed the impairment 

of spatial learning and memory caused by early stress. These results verified, at the neuronal level, 

the participation of CB+ pyramidal neurons in the negative effects of early-life stress. 6. At the 

level of neural circuits, specifically inhibiting the MEC→dCA1 pathway destroyed the 

hippocampal-dependent spatial learning and memory of mice, and activating this pathway reversed 

the cognitive impairement caused by early-life stress, indicating that the MEC→dCA1 pathway 

was involved in the negative effects of early-life stress; 7. Further studies found that the specific 

inhibition of the MEC→dCA1 pathway mediated by CB+ pyramidal neurons destroyed the 

hippocampal-dependent spatial learning and memory of mice, which suggested that the reduced 

activity of MEC→dCA1 neural pathway mediated by CB+ pyramidal neurons in dCA1 may be the 

biological mechanism of cognitive dysfunction caused by early-life stress. Conclusion CB+ 

pyramidal neurons and the MEC→dCA1 neural pathway mediated by them are involved in the 

pathological mechanism of hippocampal-dependent cognitive impairment caused by early-life 

stress. These findings highlight a new target for intervention in stress-related mental illnesses such 

as depression. 

Key words: Early-life stress, Hippocampus, Calbindin, depression, Cognitive function 
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Abstract: Two-photon microscopy has been widely used for investigating the structure and 

function of neurons located up to ~800 micrometer below the cortical surface. Due to limited light 

penetration and scattering, it has been difficult to perform in-vivo imaging of neurons in deep 

cortical and subcortical regions of mice and large animals. Combining a thin-wall glass capillary 

with a GRIN lens attached to a prism, the recently-developed Clear Optically Matched Panoramic 

Access Channel Technique (COMPACT) allows deep and large-volume brain imaging at high 

optical resolutions. With this approach, we have been able to image calcium activity of cortical 

neurons, hippocampal place cells in CA1 and granule cells in dentate gyrus of awake mice. We 

have also been able to perform structural and calcium imaging of neurons in different cortical layers 

in the rabbit motor cortex during awake and sleep states. This COMPACT provides an important 

approach for us to study neuronal structure and function in the brain of rodents and large animals.  

Keywords: COMPACT; two-photon microscopy; awake mouse; CA1; DG; calcium imaging; 

rabbit; sleep 
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Abstract: Glutamic acid decarboxylase-like 1 (GADL1) is essential for the production of β-alanine 

and carnosine peptides, particularly in the brain and exert various biological functions. However, 

roles of GADL1 have not been clarified. Our previous studies have shown elevated GADL1 

expression in the hippocampus resulted in hippocampus-dependent memory deficits in conditional 

DNMT3b knockout mice (CKO), suggesting that GADL1 may be closely associated with regulating 

hippocampus-dependent memory. To confirm this, we manipulated GADL1 expression in the 

hippocampus by virus-mediated GADL1 overexpression or interference. Consistently, we found 

that GADL1 overexpression of GADL1 in the hippocampus causes hippocampus-dependent 

memory deficits in C57BL/6J mice. The results indicated that elevated GADL1 in the hippocampus 

can impair learning and memory. Based on the above results, we interfered GADL1 expression in 

the hippocampus by RNAi, but we found persistence of hippocampus-dependent memory deficits 

in DNMT3b CKO mice. Our findings thus suggest that interference with GADL1 overexpression 

can not alleviate memory deficits in DNMT3b CKO mice. Therefore, we concluded that GADL1 

in the hippocampus is an important modulator of cognitive function, but not a candidate for 

hippocampus-dependent memory deficits induced by DNMT3B deletion. 

Keywords: GADL1; DNMT3b; Hippocampus; Memory 
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Abstract: Objective The basal forebrain has been implicated in attention, learning and memory. 

The function of olfactory bulb (OB) is affected by the diffuse neuromodulation system during 

olfactory learning. The neurons of Horizontal limbs of the diagonal band (HDB) in basal forebrain 

that densely innervates the olfactory bulb are Cholinergic and GABAergic. In the process of 

olfactory learning, it is unclear whether the GABAergic neurons in HDB and its OB afferents 

undergo plastic changes. Here, we study the plasticity of calcium signals in GABAergic neurons 

projected from HDB to OB in awake head-fixed mice during the go/no-go task. Methods 

GABAergic neurons in HDB were selectively labeled by AAV-DIO-axon-GCaMP6s virus in 

VGAT-CRE mice. Calcium signals of GABAergic neurons in HDB and its axon terminal in OB 

were recorded using fiber photometry in awake head-fixed mice during the go/no-go task. Results 

(1) In the passive odor exposure pattern, the calcium signals of GABAergic neurons in HDB 

increased when odor stimulation emerge, while calcium signals of its axon terminal in OB 

decreased. (2) In the head fixed go/no-go behavior pattern, calcium response of GABAergic 

neurons in HDB showed little difference between rewarded odor and non-rewarded odor after 

learning, while the difference was greater in HDB GABAergic axon terminal in OB. Conclusion 

The plasticity of GABAergic neurons in HDB of basal forebrain and its OB afferents were changed 

during olfactory learning. 

Keywords: basal forebrain; HDB; olfactory bulb; GABAergic; learning 
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Abstract: In Pavlovian associative learning, the temporal coincidence between a conditioned 

stimulus (CS) and an unconditioned stimulus (US) is an essential component for memory formation. 

The coincident time window of associative learning has been observed in a variety of behavioral 

paradigms in a wide range of species, including the eye-blinking task in humans, the gill-withdraw 

reflex in Aplysia, and the olfactory learning in Drosophila.  Despite the importance of this 

component, it remains unclear how does the coincidence time window is regulated in a molecular 

or circuit-based way. To address this question, we explored the role of the serotonergic dorsal 
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paired (DPM) neuron by a sensitive 5-HT sensor, GRAB5-HT1.0. We found the DPM neuron releases 

5-HT at the mushroom body (MB) in a compartmentalized pattern in response to both an odorant 

(the CS) and electric shock (the US). This 5-HT signal is induced by local acetylcholine (ACh) 

release from MB intrinsic Kenyon cells (KCs) via nicotinic ACh receptors. Relatively, the KCs 

receive feedback inhibition from DPM via the inhibitory 5-HT1a receptor. By manipulating the 5-

HT signals or the DPM activity with genetic or pharmacological methods, we found suppressing or 

promoting 5-HT release from DPM neuron shortens or prolongs the coincidence time window of 

the odor-shock pairing‒induced change in synaptic plasticity and the resulting olfactory learning 

behavior. These results revealed the serotonergic feedback circuit in MB regulates the length of 

coincident time window, which provides a model for studying how an organism times the temporal 

continuity of environmental events and learns the underlying causal relationship. 

Keywords: Learning and memory, Serotonin, DPM, Coincidence time window  
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Abstract: Objective: To explore the effect of high-fat diet (HFD) on the body length, weight and 

learning and memory ability of PS offspring rats. Methods: First observe the effect of HFD on the 

growth and development indicators of different offspring rats after establishing a prenatal stress 

model, such as body length and weight, and then to observe the effect of HFD Effects on the 

learning and memory abilities of different offspring rats by Morris water maze t. Finally, Western 

Blot was used to observe the changes in the expression of GluA1 protein in the hippocampus of 

offspring rats. Results: The body length (cm) of both male and female HF groups was significantly 

higher than that of the control group (P<0.01), but the body length of the male PS+HF group was 

significantly lower than that of the HF group (P<0.01); while the body length of the female PS+HF 

group was similar to that of the control group (P<0.01). There was no significant difference 

compared with the HF group (P>0.05). There was no significant difference in the growth rate (%) 

of body length between male and female groups (P>0.05). In the impact on body weight, it was 

found that the weight (g) of the male and female HF groups was significantly higher than that of 

the control group (P<0.01), while the weight of the male PS+HF group was significantly lower than 

that of the HF group (P<0.01); Compared with the +HF group, there was no significant difference 

in body weight of the female HF group (P>0.05). And compared with the male PS+HF group, the 

male HF group's body length growth rate (%) was significantly higher (P<0.05). In the Morris water 

maze experiment, it was found that HDF can increase the incubation period of PS offspring rats. 

And PS can reduce the expression of GluA1 protein in the hippocampus of offspring rats, while 

HFD can aggravate the effect of inhibiting GluA1 protein expression caused by PS. Conclusion: 

HFD can promote the weight gain of male and female normal offspring rats , and the growth of 

normal male offspring. However, PS can partially inhibit the effect of HFD on promoting weight 

gain in PS male offspring rats, and it has an effect on PS female offspring rats. There is no 

significant effect on the weight gain and length of the patient. Moreover, HFD can aggravate PS 

and reduce the learning and memory ability of offspring rats. The mechanism may be related to the 

decrease of GluA1 protein expression in the hippocampus of rats. 

Keywords: High-fat diet; Prenatal stress; Growth and development; Learning and memory 
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Abstract:   Objective While sleep deprivation (SD) has long been suggested to cause deficits in 

off-line memory consolidation, however, its underlying network oscillation mechanisms have not 

been fully clarified. Methods We trained the freely-moving mice to learn trace eyeblink 

conditioning (tEBC) task. By performing in vivo multi-channels recording and optogenetics, we 

investigated changes in the occurrence of hippocampal sharp wave ripple (SWR) oscillation and 

related spike dynamics during recovery sleep following SD. Results We found a tEBC learning-

induced increase in hippocampal SWRs during post-learning sleep, which predicted the 

consolidation of tEBC. By contrast, the sleep-deprived mice showed a loss of tEBC learning-

induced increase in hippocampal SWRs during recovery sleep. Moreover, the sleep-deprived mice 

exhibited weaker reactivation of tEBC learning-related pyramidal cells in single SWRs during 

recovery sleep. In line with these, the consolidation of tEBC was impaired in the sleep-deprived 

mice. On the other hand, we observed augmented fast excitation from pyramidal cells to 

interneurons and enhanced participation of interneurons in hippocampal SWRs during recovery 

sleep. Among various interneurons, the parvalbumin-expressing interneurons specifically exhibited 

overexcitation during hippocampal SWRs. Conclusion Our findings suggest the altered 

hippocampal SWRs and associated spike dynamics during recovery sleep may be candidate network 

oscillation mechanism underlying the SD-induced deficits in memory consolidation.  
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目的：理解联合型学习的神经基础是解析人类和动物行为的关键。PV+中间神经元为海马网

络提供强大的胞周抑制，控制海马整体输出及与联合型学习相关的振荡节律（如 theta振荡、

尖波涟漪波振荡等）的产生。海马 PV+中间神经元在神经精神疾病下的异常活动和来自动物

模型的实验证据都提示它们参与了联合型学习过程，但该类中间神经元在联合型学习中的放

电活动特征及作用机制目前尚不清楚。本研究主要探讨背侧海马 PV+中间神经元在经典联合

型学习模型——痕迹眨眼条件反射建立过程中的放电活动特征及其作用机制。 

方法：在体多通道记录技术；光遗传学技术；免疫组化技术；学习行为分析技术 

结果：应用在体多通道记录技术和光遗传技术，对背侧海马 PV+中间神经元进行特异标记和

追踪记录，发现在眨眼条件反射学习过程中条件刺激（CS）诱发背侧海马 PV+中间神经元表

现出跨越 CS 和刺激间隔的持续放电活动。背侧海马 PV+中间神经元的持续放电活动特异地

与条件反应（CR）的产生相关，这显著区别于该区域的非 PV+中间神经元。应用光遗传学技
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术，特异地抑制背侧海马 PV+中间神经元持续放电活动，显著损害了学习行为的建立，证明

该类中间神经元活动为学习行为建立所必需。在体多通道记录结果显示，在学习过程中，背

侧海马锥体细胞表现出放电增强和放电减弱两种相反类型的学习相关放电活动。放电增强型

和放电减弱型锥体细胞均能驱动 PV+中间神经元活动；而 PV+中间神经元的放电活动对放电

减弱型锥体细胞活动有反馈抑制效应。在关键时间窗口抑制锥体细胞对 PV+中间神经元的驱

动作用，学习行为表现受损，提示 CS 所诱发的锥体细胞与 PV+中间神经元之间的特定功能

联系与 CR 的表现存在因果联系。 

结论：在联合型学习过程中，CS 诱发背侧海马 PV+中间神经元产生持续放电活动。背侧海马

PV+中间神经元的持续放电活动是眨眼条件反射建立所必需。背侧海马 PV+中间神经元可能

通过持续放电活动与锥体细胞建立动态功能联系，协调不同集群锥体细胞的放电活动，促进

联合型学习表现。 

 

Back to top ↑ 

 

P-220 

The neural dynamics of conflict adaptation triggered by conflict 

level: Evidences from an EEG study 

 

Meng-Ke ZHANG1, Qing LI1, Yan GU1, Shou-Hang YIN1, An-Tao CHEN1, * 

 

1 Key Laboratory of Cognition and Personality of Ministry of Education, Faculty of Psychology, 

Southwest University, Chongqing 400715, China 

 

*Corresponding author 

E-mail: xscat@swu.edu.cn 

 

mailto:xscat@swu.edu.cn


The 14th Annual Meeting of Chinese Neuroscience Society 

Abstract: Objective Conflict adaptation is an important phenomenon that the interference effect 

on the current trial is reduced following incongruent versus congruent trial, which concerns the 

brain’s ability to swiftly adjust attentional settings when interference or ‘conflict’ is detected in 

order to cope well with the current and/or future task demands. Relationship between conflict 

strength and cognitive control adjustment. Previous studies have mostly focused on conflict types 

that trigger conflict adaptation, however, the relationship between conflict strength of the same 

conflict type and cognitive control adjustment remains unclear. The present study is to explore 

whether more conflict trigger more adjustment of cognitive control. Methods Behavioral and 

electrophysiological (EEG) measures were recorded while human participants performed a four-

choice flanker task as conflict level was manipulated by parametrically varying the target-distracter 

compatibility. Then we obtained behavioral indices (reaction times and error rates, RTs and ERs), 

event-related potential (ERP) components and time-frequency components during data analysis. 

Results (1) For interference effect, there were significant congruency effects on RTs, ERP 

components (N2, early P3 and late P3) and theta band power. These indices all increased with 

conflict level (congruent/incongruent-low/incongruent-high) except early P3 whose average 

amplitudes showed the opposite pattern. (2) For conflict adaptation effect, RTs and the average 

amplitudes of early P3 showed that the congruency of previous trials affected the interference effect 

of current trials. Follow-up analyses revealed that there were classic conflict adaptation phenomena 

between congruent and incongruent-low, and congruent and incongruent-high, incongruent-low 

and incongruent-high conditions. Besides, the conflict adaptation effect between congruent and 

incongruent-high conditions on the amplitudes of early P3 showed a negative correlation with RTs. 

Moreover, the conflict adaptation between congruent and incongruent-high triggered the power 

adjustments of alpha band. Conclusion Conflict adaptation was also triggered by the level of 

conflict in addition to the occurrence of the conflict. In addition, the function of conflict -induced 

cognitive control may be realized by attentional focusing, which provided more direct support for 

attention adjustment mechanism of conflict monitoring theory. 

Keywords: cognitive control; conflict level; conflict adaptation; attentional focusing 
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Abstract：Objective Neurostimulant drugs or magnetic/electrical stimulation techniques can 

overcome attention deficits, but these drugs or techniques are weakly beneficial in boosting the 

learning capabilities of healthy subjects. Here, we report a stimulation technique, mid -infrared 

modulation (MIM), that delivers mid-infrared light energy through the opened skull or even non-

invasively through a thinned intact skull and can activate brain neurons in vivo without introducing 

any exogeneous gene. Methods Using c-Fos immunohistochemistry, in vivo single-cell 

electrophysiology and two-photon Ca2+ imaging in mice. Results we demonstrate that MIM 

significantly induces firing activities of neurons in the targeted cortical area. Moreover, mice that 

receive MIM targeting to the auditory cortex during an auditory associative learning task exhibit a 

faster learning speed (~50% faster) than control mice. Conclusion Together, this non-invasive, 

opsin-free MIM technique is demonstrated with potential for modulating neuronal activity.  

Keywords: Mid-infrared modulation, two-photon imaging, neuronal activity, learning. 
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下丘脑 orexin 促觉醒系统通过强化内嗅皮层浅层γ振荡调控

空间学习记忆 

 

程晓芳，何超，任栓成，胡志安 

陆军军医大学 生理学教研室  

 

通讯作者：胡志安，E-mail: zhianhu@aliyun.com 

 

目的：外侧下丘脑 orexin 促觉醒系统在空间学习记忆中发挥重要作用。在人类和啮齿类动物

中，orexin 促觉醒系统异常可引起严重的空间学习记忆功能障碍。迄今，orexin 促觉醒系统

调控空间学习记忆的神经环路尚不清楚。 

 

方法：多通道记录技术；光/药物遗传技术；学习记忆行为检测技术 

 

结果：采用 orexin-Cre 小鼠，通过药物遗传学特异激活 orexin 神经元后，空间记忆相关的内

嗅皮层脑区 c-fos 表达显著增高，而较对照组海马内各个亚区 c-fos 表达无明显变化。Orexin

纤维也高丰度地分布于内嗅皮层，orexin 纤维在海马分布较少，提示内嗅皮层是 orexin 神经

元调控空间记忆重要下游靶区。在行为上，化学遗传学特异抑制外侧下丘脑 orexin 神经元-内

嗅皮层通路可损害小鼠空间学习记忆功能。相反，光遗传激活内嗅皮层 orexin 纤维末梢可增

强空间学习记忆能力。采用在体多通道记录技术，激活 orexin 神经元-内嗅皮层通路可增强空

间记忆相关的γ振荡，相反，抑制该通路可降低内嗅皮层的γ振荡，表明 orexin 系统主要通

过影响神经元集群的γ网络振荡参与空间记忆的调控。orexin 系统如何调控神经元集群γ网

络振荡呢？通过免疫电镜，我们发现 orexin 受体主要表达在支配局部抑制性中间神经元的谷

氨酸神经元轴突末梢上。orexin 作用于谷氨酸神经元突触前膜上 orexin 1 型受体，促进谷氨

酸释放，显著提高局部 PV+能中间神经元的兴奋性，进而增强神经元集群的γ网络振荡。 
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结论： Orexin 促觉醒系统能增强内嗅皮层浅层 PV 阳性中间神经元的兴奋性，驱动γ网络振

荡活动，继而促进空间学习记忆，该发现进一步揭示了觉醒系统调控学习记忆的神经机制。 
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下丘脑 orexin 神经元在学习记忆中的活动模式及其产生的神

经环路机制 

 

何超，任栓成，胡志安 

陆军军医大学 生理学教研室  

 

通讯作者：胡志安，E-mail: zhianhu@aliyun.com 

 

目的：空间学习记忆的高度依赖于良好觉醒状态。觉醒依赖脑内特定的觉醒系统，特别是外

侧下丘脑 orexin 促觉醒系统。orexin 促觉醒系统异常可引起严重的空间学习记忆功能障碍，

迄今，orexin 神经元在空间学习记忆中的活动规律及其发生的神经环路机制尚不清楚。 

方法：钙信号光纤记录技术；多通道记录技术；光/药物遗传技术；学习记忆行为检测技术 

结果：在 orexin-Cre 小鼠使外侧下丘脑区 orexin 神经元特异表达 GCaMP6f。通过光纤记录特

异记录 orexin 神经元集群的钙活动，我们发现限食小鼠在新环境进行空间探索时 orexin 神经

元集群的钙活动会升高，在特定的有食物的空间位置其钙活动达到高峰。在空间物体探索时，

orexin 神经元在小鼠识别物体特定的空间位置，以及识别新的物体时，均出现高水平的激活。

进一步采用多通道单位放电结合光遗传记录技术，发现 26%的 orexin 神经元在空间学习记忆

中呈高水平活动。采用基于伪狂犬病毒的单突触逆行示踪技术，我们发现 orexin 神经元主要

接受外侧隔区、伏隔核、终纹床核的输入。在行为上，化学遗传学特异抑制外侧隔区-下丘脑

orexin 神经元通路可损害小鼠空间学习记忆功能。 

结论： 外侧下丘脑 orexin 神经元在空间学习记忆，特别是在食物和新物体的空间位置学习记

忆中有高水平的激活。orexin 这种活动模式产生可能依赖上游外侧隔区的输入。 
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Melatonin restores the synaptic homeostasis of excitatory 

projection neurons in the entorhinal cortex 
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Abstract 

Objective: To investigate the effects and associated mechanisms of melatonin on synaptic 

homeostasis in the entorhinal cortex (EC) region during sleep. The excitability of EC neurons 

decreased during non-rapid eye movement sleep (NREM), which could reduce the synaptic volume, 

maintain synaptic homeostasis and facilitate learning and memory ability after sleep. At present, 

the regulatory factors act on EC synaptic homeostasis during sleep are unclear. Melatonin is 

secreted by the pineal gland and has an important sleep promoting effect.  This study mainly 

investigated the regulatory role and mechanism of melatonin on synaptic homeostasis recovery 

during sleep. 

Methods: Melatonin type 3 receptor (MT3Rs) knockout rats were constructed by Crisper/cas9 gene 

knockout technique; We used patch clamp recording technique to study the effect of different 

concentrations of melatonin on the discharge activities of stellate and pyramidal neurons in EC 

region. In this study, different types of melatonin receptor blockers were used to study the receptor 

mechanism of melatonin acting on EC neurons; The effect of melatonin on neuronal discharge 

activities in EC region was studied by multi-channel recording technique; The effect of melatonin 

on synaptic homeostasis was studied by learning and memory behavior detection technique; The 

rat brain tissue of EC were conducted with Golgi staining to study the effect of melatonin on the 

morphology of dendritic spines in EC neurons during sleep. In order to verify the effect of 

mailto:zhianhu@aliyun.com
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melatonin on synaptic homeostasis in EC neurons, we selected nine proteins highly related to 

synaptic homeostasis to study the effect of melatonin on phosphorylation of EC regional proteins.  

Results: Based on the results we've got, using patch clamp technology, melatonin concentration-

dependent causes outward currents in EC stellate projection neurons, the membrane potential is 

hyperpolarized and its discharge frequency is reduced. Melatonin regulation is cell specific, and it 

has only inhibitory effects on EC superficial layer’s stellate projection neurons. And for another 

projection neuron, that is, pyramidal projection neurons have no obvious effect. Melatonin mainly 

acts on melatonin type 3 receptor, enhance the activity of double-hole K+ channel and then produce 

inhibitory effect. In line with the electrophysiological results, EC superficial layer has high 

abundance of MT3Rs expression. Using Crisper/cas9 techniques to specifically knock out MT3Rs 

genes in rats, patch clamp found that the inhibitory effect of melatonin on EC stellate neurons 

disappeared. Used multi-channel electrophysiological records in vivo, we found that melatonin 

inhibited the firing of EC projective neurons, reduced gamma oscillation and coupling between 

discharge and theta oscillation. Instead, blocking MT3Rs or knocking out MT3Rs genes increases 

the excitability of EC superficial projection neurons, reduce slow wave oscillations in EC regions 

during sleep. After blocking or knocking out MT3Rs during sleep, the number of dendritic spines 

in stellete and pyramidal projection neurons in EC increased, the increase of dendritic spines in 

pyramidal neurons was more obvious than that in stellate neurons. After sleep, it was found that 

blocking or knocking out MT3RS resulted in dysfunction of spatial learning and memory, 

especially the spatial recognition ability of new objects. Through protein phosphorylation, we 

found that melatonin acts on the MT3Rs during sleep, Blocking or knockout MT3Rs increases 

phosphorylation levels in EC regions, impaired synaptic homeostasis recovery in major projection 

neurons. 

Conclusion: Melatonin can inhibit the activity of EC superficial stellate projection neurons and the 

discharge activity of projection neurons by MT3Rs. During sleep, melatonin decreases the 

excitability of EC projection neurons can help the synaptic homeostasis recovery of neurons, and 

reduce the density and volume of dendritic spines. Among them, stubby and thin type of immature 

dendritic spines mainly varied. Some studies suggest that unstable dendritic spines are mainly 

related to learning ability, while mushroom dendritic spines are related to memory ability. The 

morphological retraction of dendritic spine is beneficial to the recovery of synaptic homeostasis. 

This homeostasis recovery is manifested by the decrease of protein phosphorylation level. The 

recovery of synaptic homeostasis during sleep is beneficial to the consolidation of memory, and the 

ability of learning after sleep is improved. This demonstrates that the recovery of synaptic 

homeostasis during sleep is highly correlated with melatonin. However, according to the 
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morphological results, we found that the morphological changes of dendritic spine in pyramidal 

neurons were more obvious than those in stellate neurons, and patch clamp has proved that 

melatonin mainly acts on stellate neurons. So, we speculate that melatonin may act on stellate 

neurons during sleep. This inhibition reduces the excitatory input of stellate neurons to pyramidal 

neurons, thus reducing the excitability of pyramidal neurons. Still many details need to be clear, is 

EC region stellate neurons acting on pyramidal neurons via glutamate receptors or otherwise? In 

conclusion, our study has a high significance for the importance of melatonin in the recovery of 

synaptic homeostasis during sleep. 
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Introduction: Human perception is imperfect. For instance, subjects’ perception of a target’s 

location in the current trial would be systematically biased toward that in previous trial, i.e., ‘serial 

dependence effect (SDE)’ in spatial perception. Meanwhile, instead of presenting stimulus in a 

continuous two- or three-dimensional space as we typically experience in daily life, previous 

studies have limited the stimulus presentation on a certain circle, leaving the SDE in a continuous 

spatial context largely unknown. Here, we performed three experiments to examine the SDE in 

two-dimensional, continuous space and the underlying spatial organization principle.  
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Methods: In each trial, participants were presented with a stimulus at specific location and needed 

to reproduce its location later for all three experiments varying in spatial context (distribution 

within round area or square area), task difficulty (with or without an irrelevant task), stimulus shape 

(dot or bar), and experimental environment (online or offline). 

Results: We used Cartesian (x and y) and Polar (ρ and φ) coordinates to characterize SDE: the 

response error in a certain dimension as a function of distance between the stimuli locations in 

current trials and those in previous trials. First, for the SDE in φ dimension, we found that the SDE 

was best explained by the DoG (derivative of gaussian) function, similar to previous findings for 

other circular variables, e.g., location on a circle, orientation, etc. In contrast, the SDE in other 

dimensions (x, y, ρ) showed a linear function. After combing two individual dimensions into 

coordinates, we found Cartesian coordinates outperformed Polar coordinates in explaining the SDE 

consistently among all three experiments.  

Conclusion: Taken together, by assessing the SDE of spatial location in a continuous space, we 

find that Cartesian coordinates (horizontal and vertical axes) instead of Polar coordinates (diagonal 

axes) are employed to organize continuous spatial information over time.  

Keywords: Spatial organization, Continuous space, serial dependence effect, cartesian coordinate, 

polar coordinate 
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Abstract: Objective Di-(2-ethylhexyl) phthalate (DEHP) is widely used phthalates with increasing 

concern on human and animal central nervous system health, including stress response and 

cognitive effect. Corticotropin-releasing hormone (CRH) neurons in paraventricular nucleus of the 

hypothalamus (PVN) integrate synaptic information and launch the final common pathway in 

stress-related behavior. However, whether neonatal exposure of DEHP would induce adult anxiety-

like behavior and its underlying mechanism remains unclear. Methods DEHP (10μl, 10 mg/kg) or 

vehicle (10μl, corn oil) was injected i.p. into male rat pups from PND16 to PND22(n=30). Until 

adult (9-10w), anxiety-like behavior was firstly assessed with open-field test and elevated plus 

maze, followed by bilateral viral microinjection to label PVN CRH neuron. Then on 14-16w 

secondly behavioral test, serum CORT/ testosterone (T), immunofluorescence and acute in vitro 

PVN CRH neuron electrophysiological activity were examined to assess the cellular correlates of 

DEHP and hypothalamic-pituitary-adrenal (HPA)-axis. Results Current study showed that neonatal 

DEHP treatment induced anxiety-like behaviors of male rats in adult, along with significant level 

of serum CORT, but without change of serum testosterone than control. Meanwhile, the balance of 

input spontaneous excitatory and inhibitory postsynaptic current of PVN CRH neuron was 

disturbed with significant increase of sIPSC amplitude and frequency, as well as increase of rates 

of GABA mediated excitation during sEPSC recording. Neonatal exposure of DEHP significantly 

decreased the number of fire spikes, prolonged first spike latency but without change of spike half-

width and peak amplitude of spikes. Conclusion Neonatal exposure of DEHP could induce adult 

anxiety behavior along with disturbance of hypothalamus Paraventricular CRH neurons tune, 

especially polarity shift of GABA signaling. 

Keywords: di-(2-ethylhexyl) phthalate; CRH neuron; paraventricular nucleus of the hypothalamus; 

anxiety 
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Abstract: Objective The aim of this study was to assess changes of serum levels of D-ribose in 

type 2 diabetes mellitus (T2DM) patients with mild cognitive impairment (MCI) and associations 

of D-ribose with advanced glycation end products (AGEs) and markers of inflammation and 

oxidative stress. Methods A total of 89 participants were classified into three groups according to 

their fasting blood glucose level and Montreal Cognitive Assessment (MoCA) score, which was 

consisted of 27 controls, 26 T2DM patients with healthy cognition and 36 T2DM patients with MCI. 

ELISA method was used to measure markers of inflammation (IL-6 and NF-κB) and oxidative 

stress (ox-LDL, AOPP, total thiol and non-protein thiol) as well as AGEs and receptor for advanced 

glycation end products (RAGE). Results Serum D-ribose, AGEs, RAGE, NF-κB, IL-6, ox-LDL 

and AOPP levels were significantly increased in T2DM-MCI patients compared to T2DM or 

controls. Serum D-ribose level was positively correlated with AGEs, RAGE and ox-LDL and 

negatively with the MoCA score. Mediation analysis showed a significant effect of D-ribose on 

MoCA score totally mediated by ox-LDL level. Conclusions This study shows that increased serum 

D-ribose levels for MCI in patients with T2DM. The mechanisms might be partly explained by 

ribosylation, inflammation and oxidative stress. These results raise further interest in D -ribose as a 

biological marker or even a possible therapeutic target for diabetic cognitive impairment. 
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Abstract: Objective Human brain adapts to changing environment by neuroplasticity. Monocular 

deprivation in the post-natal ‘critical period’ can induce reorganization of ocular dominance 

columns in the primary visual cortex (V1). In the adult brain, modest functional changes were found 

in the visual cortex following monocular deprivation, whether neural plasticity could occur at the 

subcortical level remains unknown. In this study, we tried to figure out whether 3-hour monocular 

contrast deprivation could shift interocular balance in the LGN of adult human brain.  Methods 

Using high resolution 7T BOLD fMRI, we studied the effect of short-term monocular deprivation 

on the LGN of adult human. Robust ocular dominance patterns of the LGN was achieved for each 

subject with independent functional localizer. Subjects were scanned before and after 3 -hour of 
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monocular deprivation, viewing a stimulus monocularly or binocularly. During deprivation, we 

used a transparent eye-patch to occlude subjects’ one eye to deprive high spatial frequency input 

of this eye. Results (1) Monocular deprivation significantly increased the ratio of deprived eye and 

non-deprived eye responses in both monocular and binocular conditions, suggesting that the short-

term monocular deprivation changed the nature of interocular interactions in the LGN.  (2) The 

deprivation effect mainly occurred in the parvocellular layers.  (3) DCM analysis suggest that 

deprivation effects arise from feedforward processing in the LGN. Conclusions (1) Short-term 

monocular contrast deprivation shifts interocular balance in the P layers of the LGN of adult human 

brain. (2) Our results provide strong evidence for ocular- and pathway-specific neuroplasticity in 

the subcortex of adult human brain. 

Keywords: LGN; fMRI; interocular balance; monocular deprivation 
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Abstract: Objective The perirhinal cortex (PER), a part of the para-hippocampal cortex, resides 

near the entorhinal cortex (EC), and it is known to process and store the object-related information 

from multiple sensory cortices. In addition to the classical poly-synaptic pathway the neocortex→
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PER→EC→hippocampal dental gyrus (DG) →CA3→CA1, recent studies have implicated an 

existence of the PER→hippocampal CA1 direct pathway. However, connectivity and function of 

the latter direct circuit are completely unclear. Methods The method of optogenetic channel ChR2-

assisted circuit mapping (CRACM) was used in the acute brain slices prepared from the mice, in 

which PER projection neurons expressed ChR2 viral vectors. Moreover, the novel object 

recognition (NOR) test was used to examine roles of the PER→CA1 direct circuit in the formation 

of recognition memory. Results (1) PER projection axons preferentially form direct synapses on 

those inhibitory interneurons specifically located along the border between the stratum radiatum 

(sr) layer and the stratrum lacunosum-moleculare (slm) layer, while they rarely target other 

pyramidal cells or inhibitory interneurons within other layers in the CA1 region. (2) PER 

projections also directly target granule neurons in the DG uniformly. (3) Those CA1-projecting 

PER neurons are mainly resided within the superficial layers. (4) The NOR behavioral tests indicate 

this PER→CA1 direct pathway is involved in the formation of object recognition memory. 

Conclusion The PER neurons in the superficial layer send direct projections selectively onto a 

specific population of hippocampal CA1 interneurons, forming a distinct PER→CA1 direct circuit 

that regulates hippocampal neural activity and object recognition function.  

Keywords: Perirhinal cortex, Hippocampus, Direct synaptic pathway, Synaptic connection map, 

CA1 interneuron, Dentate gyrus, Recognition memory, ChR2-assisted circuit mapping 
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Abstract: Object Schizophrenia is a heterogeneous psychiatric disorder characterized by positive, 

negative, and cognitive symptoms. Cognitive dysfunction, as one of the core symptoms, is poorly 

treated with current therapies. The anterior cingulate cortex (ACC) is an integration hub for higher-

order thalamic inputs important for complex cognitive tasks such as learning and memory processes, 

attention and social interaction. Parvalbumin-expressing interneurons (PV-INs) could filter 

information at pyramidal neurons of ACC, and the abnormal PV-INs have been detected in both 

humans and animal models of schizophrenia. However, the mechanisms of PV-INs in ACC 

regulating cognition in schizophrenia is poorly understood. Methods The pregnant mice were 

injected with methylazoxymethanol acetate (MAM) on gestational day 16 for the MAM model of 

schizophrenia in our study. The cognitive function of mice was measured by a serious of behavioral 

tests such as pre-pulse inhibition, Y-maze, novel object / location recognition. We investigated the 

intrinsic excitability of PV-INs and inhibitory synaptic transmission onto pyramidal cells of ACC 

by whole-cell recording. Further, the PV-INs were regulated by the chemogenetic techniques. 

Results (1) MAM mice showed cognitive deficits and hypoexcitability of PV-INs in ACC. (2) 

Restoration of PV-INs activity in ACC improves cognitive dysfunction in MAM mice. (3) 

Inhibition of PV-INs activity in ACC is sufficient to cause cognitive dysfunction in control mice. 

Conclusion PV-INs in ACC are closely related to cognitive function in the MAM model of 

schizophrenia. 

Keywords: Schizophrenia; cognitive function; parvalbumin interneurons; anterior cingulate cortex 
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Abstract: Objective Working memory (WM) responses the ability of brain to maintain and 

executive information in period of short-time. Deficit of WM is a pivotal cognitive symptom of 

schizophrenia (SCZ). The abnormal electroencephalographic (EEG) power in cortical areas has 

been observed in patients and rodent animals of SCZ. Similarly, NMDA receptors antagonist, such 

as MK-801, causes hypofunction of EEG oscillations in the SCZ rat models under resting statement. 

Several studies suggest that high frequency oscillations are centrally involved in many cognitive 

functions. However, the consequence of EEG signal changes of SCZ during WM behavior is still 

ambiguously. In present study, we test the background discharge frequency of EEG in SCZ mat 

models undergoing task of WM. Methods All rats were accepted implantation of EEG electrodes 

in the prefrontal cortex. We test locomotive activity and WM behavior of animals (in a NOR 

chamber) under the EEG signal recordings throughout the experiments.  After the investigation 

phase, the animals were divided into two groups with an intraperitoneal (i.p.) injection of MK-801 

or saline, respectively. Results (1) Treatment of MK-801 increases locomotive activity of mat 

models. (2) MK-801 impairs NOR performance and object exploration induced low-frequency of 

gamma band (30~50Hz) activity. Conclusion Numerous neurons are linked to each other as they 

oscillating at different frequency, the abnormal EEG oscillations might response to the WM 

dysfunction in SCZ.   

Keywords: Schizophrenia; MK-801; EEG; working memory; cognitive dysfunction 
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Abstract: Objective The objective of this article is to study the role of the dopamine (DA) D1 

receptor on learning and memory in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-

induced Parkinson's disease mice. Methods Mice were intraperitoneally injected with the D1 

receptor antagonist SCH38933 for 30 minutes before MPTP for 7 days. The Morris water maze was 

used to examine learning and memory behavioral changes. Results MPTP exposure impaired 

spatial learning and memory ability, and increased latency to the platform, decreased the number 

of platform crossings, and shortened time in the target quadrant.However, D1 receptor antagonist 

SCH38933 treatment further increased latency to the platform, decreased number of platform 

crossings, and shortened time in the target quadrant, indicating dopamine D1 receptor antagonist 

exacerbated learning and memory ability in Parkinson's disease mice.  Conclusion Dopamine D1 

receptor plays an important role in MPTP induced learning and memory dysfunction.  

Keywords: Dopamine; Morris water maze; Learning and memory; MPTP; Parkinson's disease mice 
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Abstract: Objective Speech mental imagery is the quasi-perceptual experience that can be 

internally represented in the absence of bottom-up speech input. Previous studies have revealed the 

brain activation induced by the construction of mental imagery for simple and short speech material, 

for example, a syllable or a word. What is less clear at the moment is the neural network 

underpinning imagined speech (i.e. hearing imagery) in a natural scenario when individual retrieves 

knowledge from the long-term memory system and generates continuous inner speech. The present 

study aims to investigate the neural mechanism underlying speech imagery when subjects 

continuously imagined hearing poems in their minds, and further explore its rela tionship with 

speech perception. Methods Using fMRI, we scanned 30 heathy adulted with a three-condition 

experimental design when subjects spontaneously constructed speech imagery of a target poem for 

20 s (imagery condition); listened to actual speech (perception condition); and were in resting-state 

condition. By applying the general linear model, significant brain maps were obtained to evaluate 

the main effects of imagery (imagery – resting) and perception (perception – resting). Two contrasts 

(imagery – perception, perception – imagery) were also calculated to highlight the differences 

between imagery and perception while attenuating the common neural activations between them. 

Results We found shared brain activations in imagery and perception conditions, which were 
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localized in the bilateral superior temporal gyrus (STG) and the supplementary motor area (SMA), 

suggesting that similar neural networks including portions of the auditory cortex and the 

supplementary motor cortex were involved during the internal representation of imagined speech 

without any bottom-up input and the processing of actual speech input. Stronger activation was 

found in STG for speech perception compared to speech imagery, while the triangle part of inferior 

frontal gyrus (the Broca’s area) was involved in speech imagery compared to speech. Conclusion 

Shared brain substrates in the auditory cortex and supplementary motor cortex contributed to the 

processing of both imagined and perceived speech, and the inferior frontal gyrus particularly 

supported generating imagined speech. 

Keywords: speech mental imagery; hearing imagery; speech perception; fMRI 
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Abstract: Objective Prenatal stress interfere with neural development of offspring, causing 

cognitive disorder and a range of psychological illnesses, including hyperactivity, schizophrenia, 

anxiety and depression. The study was performed to reveal the mechanism icariin against 

depression in prenatally stressed male rats. Methods In the present study, rats were selected to 

establish a restraint stress (RS) model during pregnancy, and then icariin was administered on 

offspring rat. Metabolomics of serum and faeces was used to identify differential metabolites, and 

the metabolic pathways were enriched through MetaboAnalyst. In addition, to dig out and verify 

the potential targets, network pharmacology and molecular docking was used. Results Icariin could 

significantly alleviate PS-induced depressive symptom. The analysis of serum metabonomics 

demonstrated that after the administration of icariin, 31 potential biomarkers in depression could 

be regulated. The analysis of faeces metabonomics demonstrated that 14 potential biomarkers in 

depression could be regulated after the administration of icariin. We found 8 hub genes according 

to network pharmacology, and the result of molecular docking indicated that icariin combined well 

with the hub target proteins. Conclusion This study reveals the complicated mechanisms of icariin 

against depression induced by prenatal stress. Our study provides a comprehensive paradigm to 

identify the potential mechanisms of anti-depression effects. 
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Abstract: Temporal memory formation requires linking discontinuous events that separated by a 

time interval. Prior trace fear conditioning (TFC) studies demonstrated that entorhinal cortex-

hippocampal network supports temporal encoding. In this paradigm, a conditioned stimulus (CS) 

terminates tens of seconds prior to an unconditioned stimulus (US) onset . It remains unclear that 

how CS information is maintained during trace periods in hippocampus and how CS information is 

transferred to downstream circuits. Here we report a new pathway from dorsal CA1 projecting to 

Subiculum (Sub) controls temporal memory encoding. To investigate how CS information is 

processed in dCA1 and Sub, we leveraged miniscope calcium imaging to record neural activity 

throughout the course of trace fear conditioning in freely moving mice. We found that dCA1 and 

Sub both encoded CS trace during fear learning. The dCA1 recruited more trace responsive cell 

during learning, while Sub neurons showed more persistent activity to CS trace interval. Both 

neural networks in dCA1 and Sub were reorganized after trace fear learning, shock responsive cells 

show more correlated activities in fear memory retrieval. Taken together, these results 

demonstrated a critical role of dCA1-Sub circuit in temporal association memory. 

Keywords: Trace fear conditioning, hippocampus, temporal association, miniscope recording, 

trace activity 
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Abstract：Memory allows us to adapt to a rapidly changing world and hence we can live safely 

when facing different and complicated situations. While memory acquisition and retrieval hardly 

happen in the same situation, memory generalization is a wildly common phenomenon in the real 

life. Moderate fear generalization can help animals and humans avoid dangers after similar 

dangerous experiences. However, overgeneralization of fear memory may lead to severe anxiety 

disorders including post-trauma stress disorder (PTSD). Indeed, overgeneralization of conditioned 

fear is also reported to be a pathogenetic marker for anxiety disorders. Thus, elucidating the neural 

mechanisms of fear memory formation and generalization is essential for the development and 

treatment of related psychiatric disorders. Prior studies showed that projection from the medial 

prefrontal cortex (mPFC) to nucleus reuniens (NR) is crucial for fear memory generalization, but 

the functional roles of NR projections to downstream remain unclear. Here we show that distinct 

NR cells form two parallel projections to the subregion of the ventral hippocampus. The projection 

from the NR to the dorsal part of the ventral hippocampus is essential for contextual fear memory 

generalization, whereas a distinct subset of NR neurons to the ventral part of the ventral 

hippocampus mediates the contextual fear memory formation. Overall, our data demonstrate that 

the thalamic-hippocampal pathways are functionally segregated, which play contrasting roles in 

contextual fear memory formation and generalization, respectively.  
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Abstract: Objective Our decision-making does not occur in isolation. The past experience history 

serves as an inherent temporal context to bias current decisions. Ample evidence shows serial bias 

in perceptual decision-making, but the exact process and the underlying mechanism remain unclear. 

The present study is to examine the neural mechanism of serial bias by dissociating different 

components of decision-making. Methods Human participants performed an auditory pitch 

categorization task while we recorded EEG. Importantly, their categorical report and motor 

response were dissociated by a trial-by-trial response cue. We analyzed the influence of previous-

trial information on the current decision-making. Results (1) Behaviorally, we found a repulsive 

serial bias induced by previous pitch and by previous motor response, and an attractive serial bias 

induced by previous categorical report. (2) EEG results reveal that previous info can be reactivated 
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by relevant info in the current trial. Previous pitch and category info was reactivated after tone 

onset and previous motor response info was reactivated after the response cue onset. (3) Serial 

dependence operates at different times for different biases, relatively early for stimulus feature and 

motor response, and later for categorical decisions. Conclusion Serial bias is ubiquitous at different 

stages of decision-making, reflecting an automatic interaction between memory and decision-

making.   

Keywords: serial bias; perceptual decision-making; working memory; auditory perception 
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Abstract: Objective Autism spectrum disorder (ASD) is a neurodevelopmental disorder with 

highly heritable pathologies, which is characterized with abnormal social behaviors and stereotypic, 
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repetitive behaviors. Many ASD mouse models generated by genetic mutations exhibit altered 

neural circuit functioning underlying disrupted behaviors. Our previous study on ASD 

susceptibility gene DOCK4 revealed that Dock4 knockout (KO) mice display abnormal 

hippocampal excitatory neurotransmission and ASD-like behaviors such as social and recognition 

deficits. Moreover, specific Dock4 KO in the hippocampus leads to abnormal social novelty 

preference in mice. The present study aims to elucidate the disruption of hippocampal circuitry in 

Dock4 KO mice. Methods We performed c-fos staining in Dock4 KO mice to identify the 

hippocampal circuitry related to social behaviors, and whole-cell recoding in Dock4 KO 

hippocampal neurons to reveal their electrophysiological properties. Furthermore, we activated 

hippocampal circuit in KO mice by Designer Receptors Exclusively Activated by Designer Drugs 

(DREADDs) to explore the possibility for restoring the social behaviors. Results (1) Dock4 KO 

mice exhibited abnormal hippocampal circuitry during social behaviors. (2) The hippocampal 

neurons showed abnormal action potentials by Dock4 deficiency. (3) Dock4 KO mice displayed 

normal social preference after activating the hippocampal excitatory neurons. Conclusion DOCK4 

regulates the social-related hippocampal circuitry which modulated social preference behaviors. 

Keywords: Autism spectrum disorder; DOCK4; Hippocampal circuitry; Social behaviors 
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Abstract: It is remarkable effect of gastric Back-Shu and Front-Mu points on regulating gastric 

motility. Our previous study showed that the acupuncture signal of gastric Back-Shu and Front-Mu 

points is integrated in the advanced nervous center, such as paraventricular nucleus of 

hypothalamus, medulla dorsal vagus complex, hippocampus, et al. However, the nerve fiber 

initiating and the primary neural circuit in the spinal cord of gastric Back-Shu and Front-Mu points 

is not clear. In view of this, we propose that the spinal dorsal horn-sympathetic nerve circuit may 

be the primary integration central for gastric Back-Shu and Front-Mu points. We hypothesis that 

the acupuncture signal is sent to the dorsal horn of the spinal cord, which regulates gastric motility 

through direct interaction with the sympathetic nerve. This project intends to trace neural circuit 

with virus, use immunofluorescence and confocal methods to explore the role of spinal dorsal horn 

in the regulation of gastric motility; use specific neuron transgenic mice to identify acupuncture -

activated spinal dorsal horn neurons; chemical genetics combined with electrophysiological 

techniques to manipulate the activity of spinal dorsal horn neurons, to reveal the spinal neural 

circuit of gastric Back-Shu and Front-Mu points which regulates gastric motility via the spinal 

dorsal horn-sympathetic pathway. Combined with our previous research, this project will provide 

the necessary theoretical supplement for the "targeted convergence" hypothesis as well.  
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Abstract: Objective Cognitive impairment is one of the most common complications associated 

with chronic pain. Chronic pain may give rise to structural and functional alterations within regions 

involved in cognition and emotions modulation, which leads to cognitive and emotional deficits 

that are comorbid with the pain. Whereas far less is known about the nature or impact of adulthood 

cognitive disruption in children and adolescents with chronic pain. Studies indicate that 

abnormalities in neurotransmitter metabolism and cerebral glucose metabolism are associated with 

conversion of cognitive impairment. We therefore assessed whether the changes of specific regional 

brain metabolism in adolescents suffered from chronic pain led to long-term cognitive impairment. 

Methods Spared nerve injury (SNI) was performed on 6-week male rats and mechanical 

nociceptive reflex thresholds were analyzed on 1, 3, 7, 14, 28, 42 and 56 days post-surgery. 

Assessing pain behavior was screened for and divided into SNI chronic pain (SNI-CP) group and 

SNI no chronic pain (SNI-NCP) group. We utilized [18F]-fluoro-2-deoxy-D-glucose (18F-FDG) 

micro PET/CT imaging to evaluate glucose metabolism in different brain regions after 8 weeks 
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post-surgery. The metabolic activity of excitatory (glutamatergic) and inhibitory (GABAergic) 

neurons of the prefrontal cortex and hippocampus were measured by (1) H-observed/(13) C-edited 

nuclear magnetic resonance spectroscopy together with infusion of [1-13C] glucose. The open field 

test (OFT), novel-object recognition test (NORT) and Y-maze test were observed in peripheral 

nerve-injured rats at 14 weeks of age. In addition, the expression level of GLUT4 glucose 

transporter associated with neuronal glucose uptake was measured by western Blotting and 

immunofluorescence. Results SNI-CP rats showed learning and memory impairment and anxiety-

like behavior after 8 weeks post-surgery, while no cognitive impairment was observed in SNI-NCP 

rats. Furthermore, we found that glucose metabolism in the prefrontal cortex and hippocampus were 

decreased after SNI-CP rats have adulthood. SNI-CP rats exhibited significant reduction in the 

levels of gamma-aminobutyric acid (GABA) C2 and glutamate (Glu) C4 labeling in hippocampus, 

frontal cortex and temporal cortex. The reduced glutamine (Gln) C4 labeling suggests decreased 

neurotransmitter cycling in chronic pain-related cognitive impairment. Western Blotting and 

immunofluorescence analysis revealed reduced of GLUT4 protein in adult SNI-CP rats prefrontal 

cortex and hippocampus. The levels of the main neuronal GLUT4 during cortex and hippocampus 

maturation can be modified in accordance with energy demand, which is involved in important 

alterations of functions of the central nervous system. Conclusion These findings suggest that 

chronic pain-mediated cognitive impairment during the development of adolescence is associated 

with altered glucose metabolism and neurotransmitters in cortex and hippocampus.  

Key words: Neuropathic pain; Hippocampus; Cognitive impairment; glucose metabolism; NMR 

spectroscopy 
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Abstract: We report on a computational light-sheet microscopy achieving minutes-timescale high-

resolution mapping of entire macro-scale organs. Through combining a dual-side confocally-

scanned Bessel light-sheet illumination with a content-aware compressed sensing (CACS) 

computation, our approach yields 3D images with high, isotropic spatial resolution and rapid 

acquisition over two-order-of-magnitude faster than conventional 3D microscopy implementations. 

Furthermore, we have integrated a multi-sample holding module, which improves the switching 

time to 1s per sample, providing notably higher throughput for batch samples imaging. Using our 

method, we obtain the 3D connections of the giant pyramidal neurons across the whole mouse brain, 

including their apical dendrites and long axon projections, with an isotropic voxel resolution of 0.5 

μm. Based on the 3D volume reconstruction and visualization analyses, we can semi-automatically 

track the trajectory of long-distance (LD) projection neurons and reveal their pathways throughout 

the anatomical area.  
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Abstract: Objective Dopamine (DA) neurons in the ventral tegmental area (VTA) play pivotal 

roles in regulating reward, motivation and emotion. Relevant studies suggest that VTA is involved 

in regulating feeding behavior, but the relationship between VTA DA neuronal activity and food 

intake remains elusive. Meanwhile, neural circuits by which VTA DA neurons regulate food intake 

are also poorly understood. This study is to explore the role of VTA DA neurons in feeding behavior 

and possible neural circuitry mechanisms. Methods Mouse VTA neuronal activities in different 

feeding states were evaluated by c-Fos immunostaining and in vivo fiber photometry calcium 

imaging. The role of VTA DA neurons in regulating food intake was studied by optogenetics and 

chemogenetics. Anterograde and retrograde tracings were used to identify the inputs and outputs 

of feeding-related VTA DA neurons. Results (1) VTA DA neuronal activity increased after 

refeeding in fasted mice. (2) Activation of VTA DA neurons inhibited food intake and increased 

locomotion. (3) Inhibition of VTA DA neurons slightly increased food intake. (4) Feeding-related 

VTA DA neurons project to the nucleus accumbens. Conclusion VTA DA neurons play an 

important role in regulating food intake. 
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Abstract: High resolution achieved by super-resolution microscopy, e.g. Stochastic Optical 

Reconstruction Microscopy (STORM), is necessary to resolve many fine sub-cellular details inside 

the brain. However, because of scattering and inhomogeneous refraction, the image quality for 

brain tissue suffers from high background noise and very often severe aberration. As a result, it is 

challenging to directly apply super resolution microscopy on thick brain tissue imaging. Here, we 

developed a new technique, XT-STORM, which used tissue-clearing expansion microscopy 

combined with two-photon activation to reduce background noise and aberration. We further 

applied adaptive optics (AO) corrected light sheet illumination strategy to alleviate image distortion. 

These optimizations enabled acquisition of high quality STORM images of thick brain tissues. 

Using this technique, we obtained super-resolution images of whole-cell labeled pyramidal neurons 

inside mice cortex tissue, cellular structures at 150μm deep inside the tissue could be distinguished 

at an effective resolution better than 50 nm. 
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Abstract: Objective The ventral hippocampal CA1 (vCA1) plays an important role in the 

development of chronic pain. Parvalbumin-positive (PV+) and somatostatin-positive (SST+) 

interneurons have been proved to be important in depression and chronic stress but their role in 

pain modulation remains poorly defined. The present study aims to elucidate the role of PV+ and 

SST+ interneurons of vCA1 in inflammatory pain. Method c-fos immunofluorescence and in vitro 

patch clamping were applied to examine the activity of PV+ and SST+ interneurons in the vCA1 

of mice with CFA-induced inflammatory pain. Optogenetice was applied to artificially activate or 

inhibit PV+ or SST+ interneurons in the same model and resultant behavioral changes were 

measured by radiant heat, open field test, elevated plus-maze test, tail suspension test and forced 

swimming test. Results (1) We observed transiently increased activation of PV+ and SST+ 

interneurons in vCA1 of CFA mice on day 1 after injection which returned to the baseline level on 

day 14. (2) Inhibition and activation of vCA1 SST+ and PV+ interneurons, respectively, alleviated 

thermal hyperalgesia and spontaneous pain. (3) Activation of PV+ interneurons exacerbated CFA-

induced anxiety and depression like behaviors. (4) Inhibition of SST+ exacerbated CFA-induced 

anxiety and depression like behaviors. Conclusion PV+ and SST+ interneurons are activated in 

chronic pain but differentially modulate pain behaviors. 

Keywords: inflammatory pain; chronic pain; hippocampus CA1; parvalbumin positive interneuron; 

somatostatin positive interneuron 

 

Back to top ↑ 

 

mailto:grhhholic@163.com


The 14th Annual Meeting of Chinese Neuroscience Society 

P-245 

The Role of Cholinergic Projection from Medial Septum to 

Dorsal Hippocampus in Neuropathic Pain 

 

Zu-Chao MAO1, Jun-Jian WEN2, Yu-Ning WU1, Jia-Le REN2, Bin JIANG2, Xu-Hong WEI1, 2*  

 

1 Department of Physiology and Pain Research Center, Zhongshan School of Medicine, Sun Yat-Sen 

University,74 Zhongshan Road 2, Guangzhou 510080, Guangdong , China 

2 Guangdong Province Key Laboratory of Brain Function and Disease, Zhongshan School of 

Medicine, Sun Yat-sen University, Guangzhou, 510080, Guangdong, China 

 

*Corresponding author  

E-mail: weixhong@mail.sysu.edu.cn 

 

Abstract: Objective Neuropathic pain is oftern caused by the damage or potential damage to the 

nervous system. The hippocampus has long been thought to be related to neural activi ties such as 

learning, memory, emotion and sensory integration. A growing body of evidences has shown that 

peripheral nerve injury result in hippocampal structure and function impairment. Whether 

hippocampus control neuropathic pain is still unclear. Cholinergic neurons of medial septum are 

the main source of hippocampal cholinergic afferents and are a key nucleus regulating the 

hippocampal excitability. The present study is to explore the role of cholinergic projection from 

medial septum to hippocampus in neuropathic pain caused by peripheral nerve injury. 

Methods The calcium signal changes of the dorsal hippocampal CA1 neurons was identified by 

fiber photometry; The excitability of CA1 pyramidal neurons in the dorsal hippocampus (evoked 

and spontaneous action potentials) was measured by whole-cell patch clamp recordings; The pain 

behaviors was manipulated by optogenetics or chemogenetics and measured by Von Frey test and 

Conditional Place Preference test;  

Results (1) Fiber photometry showed that both the pyramidal neurons in the dorsal hippocampus 

or cholinergic neurons in Medial septum can be activated by painful stimulus applied to the plantar 

hindpaw. (2) Whole cell patch clamp recording showed that the excitability of CA1 pyramidal 
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neurons and cholinernic neurons that project to the dorsal hippocampus was decreased after SNI. 

(3) Either activation of dorsal hippocampal pyramidal neurons or activation of the cholinergic 

neurons of medial septum can inhibit neuropathic pain behaviors induced by SNI. (4) Activation of 

the cholinergic fiber in the dorsal hippocampus projecting from the medial septum can also yield 

similar anti-neuropathic pain effect.  

Conclusion Activation of cholinergic projection from Medial Septum to the dorsal hippocampus 

can alleviate neuropathic pain.  

Keywords: neuropathic pain; dorsal hippocampus; medial septum; cholinergic neurons  
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Abstract: Light-field microscopy has emerged as a technique of choice for high-speed volumetric 

imaging of fast biological processes. However, artefacts, non-uniform resolution, and a slow 

reconstruction speed is the major weakness of light-field microscopy, which have limited its wider 
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application on fast biological processes. Here, we propose a novel light-field microscopy based on 

deep learning to mitigate these limitations, which enables directly reconstruction from the raw two-

dimensional (2D) light-field images into three-dimensional (3D) volumes with uniform spatial 

resolution and three-order-higher video-rate reconstruction throughput. Thereby it permits fast 

volumetric recording of biological processes, such as neural activities. Methods The network was 

iteratively trained on the high-resolution 3D reference images and their corresponding light-field 

projections (LFP) which were projected from the 3D reference images. Following training on 

gigavoxels of prior data, the network was capable of instantly inferring a sequence of 3D volumes 

from sequential light-field measurements that recorded dynamic processes at a rate up to 13 

volumes per second. Results We demonstrate the ability of our deep-learning based light-field 

microscopy via imaging neuronal activities of moving C. elegans at single-cell resolution with 

volume rates up to 100 Hz. Conclusion Our deep-learning based light-field reconstruction approach 

is capable of imaging transient neural activities in freely-moving model organisms with improved spatial 

resolution, minimal reconstruction artefacts, and increased reconstruction throughput.  

Keywords: volumetric imaging; light-field microscopy; neuronal activities; deep learning; 

dynamic biological processes 
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Abstract: Post-traumatic stress disorder (PTSD) is a long-lasting and severe psychological disorder 

with featured persistent frightened behaviors, but the neural basis underlying PTSD related fearful 

behaviors is not completely understood. As a result, it is of great importance to use reliable animal 

models to mimic the symptoms of PTSD patients and study its neural mechanisms. Here, in a 

modified single prolonged stress (SPS) mouse model, we firstly systematically studied its 

behavioral profiling with multiple behavioral paradigms. We found that SPS mice showed enhanced 

context fear on the 7, 14th day after exposure to the SPS and elevated context fear and cued fear 

both on the 2nd and 7th day after the contextual fear conditioning. Moreover, SPS animals 

displayed increased novel phobias and high anxiety level compared with control animals. 

Furthermore, using immunohistochemistry, we observed elevated neuronal activation, as well as 

microglia and astrocyte activation in several PTSD related brain regions, including the anterior 

cingulate cortex (ACC), the basolateral amygdala (BLA), the frontal association cortex (FrA) and 

the ventral hippocampus (vHC) in SPS animals. These findings provide the comprehensive 

evidence of the behavioral profiling of SPS mouse model and validate the feasibility of SPS mouse 

model to reliably mimic the clinical characteristics of PTSD. 

Keywords: post-traumatic stress disorder; single prolonged stress; mouse model; fear behavior 
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Abstract: Mirror neurons can fire both when an individual performs a specific action and when the 

individual only observes others performing the action. It has been purposed that mirror neuron 

network plays an important role in social cognition. To better understand the mirror neuron network, 

many researchers have tried to subdivide the network. Based on previous studies in humans and 

non-human primates, here, we hypothesize that there may exist two different pathways for faces 

and hands in the human’s mirror neuron network. To test this hypothesis, we summarized 175 

published human fMRI studies by using activation likelihood estimation meta-analysis. Our results 

showed that the hand mirror neuron pathway was more consistent with the traditional mirror neuron 

network, in which information was transmitted from the occipitotemporal lobe to the parietal lobe 

(IPL, SPL), and then to the frontal lobe. However, the facial mirror neuron pathway did not 

consistently recruit parietal regions but activated subcortical nuclei and prefrontal cortex including 

the inferior frontal gyrus. Moreover, facial actions were presented more ventrally than hand actions 

in the frontal lobe. Thus, our findings provide the evidence that human mirror neuron network has 

two different pathways for faces and hands. This new division will provide theoretical supports for 

further research on the relationship between the mirror neuron network and mental disorders 

associated with social deficits (e.g. autism). 

Keywords: mirror neurons; mirror neuron network; action observation; meta-analysis; fMRI 
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Abstract: Interpersonal space (IPS) is the area that we always maintain around us to keep a proper 

distance from others during our social interaction. IPS can be regulated by both individuals’ 

personality and by the sex, age, personality, and emotional state of the partner. Therefore, IPS is 

an important component in our social life and a potential therapeutic target for mental disorders 

associated with social deficits. 

Previous studies on IPS have been mainly focused on humans. Macaques also have their own social 

attributes, which are similar to humans to some extent. It has been demonstrated that macaques 

have a pre-defined neural network that could represent peripersonal space (PPS). However, it 

remains unclear whether macaques have the IPS and whether its underlying neural mechanisms are 

similar to those in humans.  

Here, we aimed to find out whether there is a similar neural network in macaques could represent 

IPS. In the present study, we generated a computerized-distance task, which was similar to that is 

used in humans, to measure IPS for macaques. Then, we used fMRI to compare the neural 

mechanism underlying the IPS in both humans and macaques.  

Our results showed that humans and macaques share a similar brain network to represent the 

personal space, which included superior parietal gyrus/precentral gyrus in human and ventral 

intraparietal area/ventral premotor cortex in macaques, though the function of this network varied 

across these two species. Taken together, our findings suggest a homologous neural architecture 

for maintaining of IPS in both humans and macaques. 



The 14th Annual Meeting of Chinese Neuroscience Society 

Keywords: Interpersonal Space, fMRI, Human, Macaques 

 

Back to top ↑ 

 

P-250 

Impacts of different maternal care on behavioral phenotypes and 

OXT and AVP system of offspring 

 

Mingjuan Li1,2,3,4, Xingyu Lan1,2,3,4, Rong Zhang1,2,3,4,5 

 

1Neuroscience Research Institute, Peking University;  

2Department of Neurobiology, School of Basic Medical Sciences, Peking University Health Science 

Center;  

3Key Laboratory for Neuroscience of the Ministry of Education, China;  

4 Key Laboratory for Neuroscience of the Ministry of Public Health;  

5Autism Research Center, Peking University Health Science Center 

 

* Correspondence: Rong Zhang 

zhangrong@bjmu.edu.cn 

010-82801152 

38 Xue Yuan Road, Beijing 100191, China 

 

Abstract: Autism spectrum disorder is a pervasive neurodevelopmental disorder characterized by 

social deficits and repetitive behavior. Research on the etiology of autism suggests that genetic and 

environmental factors contribute to the autism, and that genetic and environmental factors can 

interact with each other. It is proposed that many neurodevelopmental disorders are caused by the 

interaction between "nature" and "nurture", reflecting the influence of genetic and environmental 
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interactions on offspring development. Maternal behavior is a complex and highly evolutionary 

conserved basic social behavior, which is important for the survival and development of offspring 

and the continuation of race. Our study shows that impaired maternal behavior can lead to autistic-

like behavioral phenotypes in male offspring carrying the genetic defect and are accompanied by 

alterations in the oxytocin and vasopressin systems, and that alterations in the oxytocin and 

vasopressin systems of the offspring are likely to contribute to the behavioral changes in the 

offspring. Our study includes: (1) Establish a rat offspring’s model of gene × environment; (2) 

Characterize the behavioral phenotype of offspring; (3) Explore the changes in the synthesis and 

expression of the oxytocin and vasopressin systems in offspring under different maternal behavior, 

and the epigenetic changes; (4) Identify the relationship between the behavioral changes and 

oxytocin and vasopressin systems. 

Keywords: autism, offspring development, maternal behavior 
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High-throughput whole-brain mapping of rhesus monkey at 

micron-resolution 

 

Abstract： Whole-brain mesoscale mapping of primates has been hindered by its large size and 

the relatively low throughput of available imaging methods.  Here we developed a scalable system 

for efficient and complete whole-brain imaging of rhesus monkey at 1 µm × 1 µm × 2.5 µm voxel 

resolution within 100 hours, enabling brain-wide mesoscopic mapping. In addition, we have 

established a pipeline for progressive long-range tracing of sparsely labeled axonal fibers through 

the near petabyte-sized datasets, demonstrated by analyzing the axonal projections of the 

mediodorsal nucleus of thalamus (MD), both their micro-organization in the invaginated cortical 

areas and their global projection in the whole brain. 

Key Words: whole-brain mapping, mediodorsal nucleus 
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目的：探究能有效激活特定的非视觉中枢神经元的视觉刺激模式。方法：采用水平运动光栅

和垂直运动光栅（空间频率 0.2 cpd, 对比度为 99%，时间频率为 1 Hz）与闪光（40 Hz, 4000 

lux）三种不同的视觉刺激模式照射麻醉状态下的成年 C57BL/6J 小鼠半小时，通过免疫荧光

染色技术检测脑内即早反应基因 c-Fos 的表达变化，即早基因 c-Fos 是公认的作为神经功能活

动的代谢性标志物。结果：我们发现不同模式的视觉刺激不仅激活视皮层、上丘、外侧膝状

体神经元和视交叉上核等，还有效激活背内侧纹状体（DMS）、外侧缰核（LHb）、中脑腹

侧被盖区（VTA）c-Fos 表达，且 c-Fos 在这些脑区中的表达分布因接受的视觉刺激模式的不

同而存在差异。我们还用酪氨酸羟化酶（TH）免疫荧光标记 VTA 区，发现视觉刺激激活的

c-Fos 蛋白不分布于多巴胺神经元中。然而，未接受视觉刺激的野生型小鼠的 DMS、LHb、

VTA 仅检测到数个 c-Fos 阳性神经元。即早基因 c-Fos 的表达增强反映神经元的活化。结果

提示通过不同的视觉刺激可以调控这些非视觉中枢神经元的活动进而调控它们的生理功能，

譬如 DMS 是认知相关核团，LHb 被发现调控抑郁情绪，VTA 与睡眠和认知均相关。结论：

特定的光栅刺激可诱发脑内非视觉系统以外的核团神经元的集群反应，为研究视觉刺激治疗

帕金森认知障碍或睡眠障碍以及抑郁症提供了重要实验基础。 

 

关键词：视觉刺激、水平运动光栅、垂直运动光栅、闪光、c-Fos 
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Abstract: Objective Neural track tracing is an essential technique in neuroanatomical research. 

However, different tracers have their own labeling characteristics. In order to use biotinylated 

dextran amine (BDA), flourgod (FG), and cholera toxin B subunit (CTB) properly, their neural 

labeling characteristics were compared between each other with the cortical application in the rat. 

Methods BDA, FG, and CTB were separately injected into the primary motor cortex (M1) of rats, 

and their neural labeling was examined by using histo- or immuno-fluorescence in the rat brain. 

Results After M1 application, BDA produced anterograde labeling on axons from the injected site 

to the target-region, FG caused retrograde labeling on cell bodies, while CTB made bidirectional 

labeling on axons and cell bodies simultaneously. For the anterograde labeling, the labeled axons 

were observed on the contralateral cortex, as well as the ipsilateral cortex, striatum, ventral 

posterolateral thalamic nucleus, cerebral peduncle until to pyramidal tract and contralateral spinal 

cord. In contrast, the retrogradely labeled cell bodies were found on the contralateral and ipsilateral 

cortexes, claustrum, ventrolateral/central medial/mediodorsal thalamic nuclei, etc. Conclusion As 

the sensitive tracers, BDA, FG, and CTB can effective produce neural labeling anterogradely or 

retrogradely with the cortical application. According to their neural labeling characteristics, all of 

them can be used individually or combined together as the experimental demands.  

Keywords：Neural track, Primary motor cortex, Biotinylated dextran amine, Flourgod, Cholera 

toxin B subunit 
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Abstract: The nucleus of the solitary tract (NTS) plays a crucial role in integrating peripheral 

information regarding visceral functions. Glutamate decarboxylase 2 (GAD2) inhibitory neurons 

are abundant in the NTS, and are known to form local and short-range projections within the NTS 

and nearby hindbrain areas. Here we performed whole-brain mapping of outputs from GAD2 

neurons in the NTS using cell-type specific viral labeling together with ultrahigh-speed 3D imaging 

at 1-μm resolution. In addition to well-known targets of NTS GAD2 neurons including the principle 
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sensory nucleus of the trigeminal (PSV), spinal nucleus of the trigeminal (SPV), and other short -

range targets within the hindbrain, the high sensitivity of our system helps reveal previously 

unknown long-range projections that target forebrain regions, including the bed nuclei of the stria 

terminalis (BST) involved in stress and fear responses, and the paraventricular hypothalamic 

nucleus (PVH) involved in energy balance and stress-related neuroendocrine responses. The long-

range projections were further verified by retrograde labeling of NTS GAD2 neurons with cholera 

toxin B (CTB) injections in the BST and PVH, and by Cre-dependent retrograde tracing with 

rAAV2-retro injections in the two regions of GAD2-Cre mice. Finally, we performed complete 

morphological reconstruction of several sparsely labeled neurons projecting to the forebrain and 

midbrain. These results provide new insights about how NTS might participate in physiolog ical 

and emotional modulation. 

Key words: nucleus of the solitary tract, GAD2 inhibitory neuron, long-range projection, 

paraventricular hypothalamic nucleus, bed nuclei of the stria terminalis, VISoR 
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Abstract: We all face certain uncontrollable situations in life, during which one has to make a 

decision; should I continue at the cost of large physical and spiritual energy or just give up. On one 

hand, premature and repeated give up might result in loss of self-esteem, which could lead to 

depression. On the other hand, major resources could be wasted because of a timely give up 

behavior, which could result in remorse/shame, even depression. However, the neurobiological 

substrates and/or circuitry underlying give up remain elusive. From cognitive psychology point of 

view, repeated exposure to persistently uncontrollable situations will cause a transit ion in the 

cognitive state, during which the subject’s engagement will shift from action style to a stationary 

(give-up like) state style (Kuhl, Journal of Personality and Social Psychology, 1981). 

Considering this rationale, we have developed two behavioral assays to monitor the mice behavior 

under inescapable situation during which stable and similar give-up like behavior were observed 

during exposure to inescapable electrical foot shocks or swimming in water. The observed 

behavioral transition is not caused by depression-like behavior, pain desensitization, or muscle 

fatigue. Next, we are carrying microdialysis, tracing and recording studies to address 

neurochemical and circuitry questions.  

Key words: give up, animal models, microdialysis, circuitry 
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Introduction: Depression is among the most devastating mental disorders. Although studies 

provide insights into the neurobiology of stress and depression, the exact molecular mechanisms 

underlying their pathologies remain largely unknown. Long non-coding RNA (lncRNA) has been 

implicated in brain functions and behavior. A potential link between lncRNA and psychiatric 

disorders has been proposed. However, it remains undetermined whether IncRNA regulation, in the 

brain, contributes to stress or depression pathologies. Objective: The present study is the first 

attempt to explore the possibility that lncRNAs might be involved in depression like pathologies.  

Methods: We used a valid animal model of depression-like symptoms; namely learned helplessness, 

RNA-seq, Gene Ontology and co-expression network analyses to profile the expression pattern of 

lncRNA and mRNA in the hippocampus of mice.  Results: (1) We identified 6346 differentially 

expressed transcripts. Among them, 340 lncRNAs and 3559 protein coding mRNAs were 

differentially expressed in helpless mice in comparison with control and/or non-helpless mice 

(inescapable stress resilient mice). (2) Gene Ontology and pathway enrichment analyses indicated 

that induction of helplessness altered expression of mRNAs enriched in fundamental biological 

functions implicated in stress/depression neurobiology such as synaptic, metabolic, cell survival 

and proliferation, developmental and chromatin modification functions. (3) To explore the possible 

regulatory roles of the altered lncRNAs, we constructed co-expression networks composed of the 

lncRNAs and mRNAs. Among our differentially expressed lncRNAs, 17% showed significant 

correlation with genes. Functional co-expression analysis linked the identified lncRNAs to several 

cellular mechanisms implicated in stress/depression neurobiology. Importantly, and 57% of the 

identified regulatory lncRNAs significantly correlated with 18 different synapse related functions. 

(4) Interestingly, knocking down of lncRNA Gm26859 can reduce synapse density and lead to 

depression-like behavior.    

Conclusion: The current study identifies for the first time distinct groups of lncRNAs regulated by 

induction of learned helplessness in the mouse brain. Our results suggest that lncRNA-directed 

regulatory mechanisms might contribute to stress-induced pathologies; in particular, to inescapable 

stress-induced synaptic modifications. Our results show that lncRNA Gm26859 is important for 

synapse density and depression-like behavior [1]. 
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Abstract: Miniature fluorescence microscopes have been successfully used in the study of 

behaviorally relevant neuronal population activity in freely moving animals. However, current ly 

available devices are still not sufficient for simultaneously studying activity in two or more close 

areas in the mouse brain, a task that requires an even smaller and more lightweight solution. Here, 

by using high density interconnect (HDI) rigid-flex PCB to minimize the circuit of image sensor, 

together with optimization of opto-mechanical design, we develop a Tightly Integrated Neuronal 

Imaging microscope (TINIscope) that is much smaller and lightweight than currently available 

systems, and allows for a mouse to carry four of them in the same time. Using this system, we 

successfully recorded behavior-triggered neuronal activities in 4 brain areas of CA1 at the same 

time in freely moving mice expressing calcium sensitive fluorescent protein GCaMP6. Spat ial 

information encoded in single cell and neuronal ensembles were further compared to show how our 

device helped to investigate the correlation between complex behavior and neuronal population 

activities across multiple brain areas.  

Keywords: Miniature fluorescence microscopy; multiple brain areas; freely moving; mice; 

decoding; neuronal ensemble 
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摘要：目的 研究淫羊藿素(Icaritin, ICT)对脑缺血再灌注损伤(ischemia/reperfusion, I/R)大鼠运

动平衡的影响。方法 采用线栓法制备大鼠局灶性脑缺血再灌注损伤模型，将成年雄性大鼠随

机分为假手术组、I/R 模型组和 ICT 处理组，通过 Garcia JH 神经功能评分观察损伤程度，转

棒实验及 CatWalk 步态分析系统评价运动功能。结果 （1）I/R 组大鼠 Garcia JH 神经功能行

为评分明显减少，ICT 治疗后神经功能明显改善；（2）转棒实验结果显示，I/R 组大鼠术后

24h 在棒转速及时间明显少于假手术组，ICT 治疗后显著提高；（3）CatWalk 步态分析结果

显示，I/R组大鼠术后 24h运动表征参数（持续时间、平均速度、步数）、时间参数（站立时

间、初始双站姿、末端双站姿）、空间参数（足印长度、宽度、面积）、动力学参数（身体

速度）及肢体间协调参数和假手术组均存在差异，而给予 ICT 处理后得到改善；结论 ICT 治

疗后减轻脑缺血大鼠的神经功能缺损症状、改善运动功能、提高其运动协调能力。 

关键词：脑缺血再灌注；ICT；步态分析；转棒实验 
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Abstract 

Background: Postmenopausal depression is mainly caused by the deprivation of ovarian hormones 

during menopausal transition. Now it is still of great importance to develop a novel antidepressant 

for menopausal depression patients, with the maximizing efficacy and the minimizing side-effect 

profile. Activation of G-protein-coupled estrogen receptor (GPER) has long been reported to 

facilitate neuronal plasticity and improve cognition in animals. Meanwhile, it could improve 

intracellular mitochondrial function and ameliorate oxidative stress via regulation of intracellular 

signaling pathways. 

Methods: Ovariectomized (OVX) female Sprague-Dawley rats were utilized to imitate the 

condition of menopause, which then subjected to the forced swimming test, open field test and 

elevated plus maze test to assess whether these rats have a depressive- or anxiety-like phenotype. 

Immunohistochemistry and pharmacological approaches were used to investigate the role of GPER 

in depressive or anxiety-like phenotypes of these female ovariectomized animals. Molecular 

biological and Behavioral studies were performed to define the intracellular downstream signaling 

pathways involved in GPER activation, in other words, to clarify the function roles of protein kinase 

A (PKA) and translocator protein (18 kDa) (TSPO) in mediating the potential antidepressant- and 

anxiolytic effect of G1. 

Results: Ovariectomized (OVX) female rats exhibited depressive- or anxiety-like phenotypes with 

attenuated hippocampal mitochondrial function. The intracerebroventricular (ICV) administration 

of G-1, specific agonist of GPER could improve menopausal depressive- and anxiety-like behaviors 

with optimized mitochondrial function. In addition, G-1 facilitated PKA activation, which in turn, 
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accelerated TSPO phosphorylation. Moreover, PKA inhibitor PKI could partially antagonize the 

anxiolytic and antidepressant-like effects of G-1. 

Conclusion: GPER activation might produce antidepressant and anxiolytic-like effect by elevating 

TSPO phosphorylation via PKA signaling and rescuing the redox status in menopausal female rats. 

Keywords: Menopausal depression, GPER, TSPO, Oxidative stress, Mitochondrial Protection 

 

Back to top ↑ 

 

 

P-260 

Logic of the Locus Coeruleus-Norepinephrine System in 

Anatomical and Functional Organizations 

 

Chang-mei Zhang#1, Yong-xin Yang#1,2, Fu-ning Li#1,2, Hui-Zhang1,2, Xu-fei Du1, Rong-wei Zhang1, 

Jiu-lin Du1,2* 

 

1 Center for Excellence in Brain Science and Intelligence Technology, Chinese Academy of Sciences; 

Institute of Neuroscience; State Key Laboratory of Neuroscience; 320 Yue-yang Road, Shanghai 

200031, China 

2 University of Chinese Academy of Sciences; 19A Yu-quan Road, Beijing 100049, China 

 

*Corresponding author: forestdu@ion.ac.cn 

 

Abstract: The Locus Coeruleus (LC) nucleus modulates multiple neural functions via a small 

number of noradrenergic neurons. However, how the tiny nucleus LC organizes to implement brain-

wide regulation remains unclear. Here, using larval zebrafish as a vertebrate model, we revealed 
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the basic logic of the LC system’s function. Axon projections of individual LC neurons are broad 

throughout the brain and show heterogeneous types. Nevertheless, these neurons display 

homogeneity in intrinsic membrane properties, presynaptic inputs and neural function-relevant 

genes’ expression. Notably, axon projections of population LC neurons are relatively symmetrical 

between bilateral hemispheres. Interestingly, LC neurons display highly synchronized spontaneous 

firing, which leads to synchronized brain-wide noradrenaline release. These homogeneous 

properties of population LC neurons endow the LC system global modulations of neural activities 

in an inverted U-shaped manner. Thus, our study systematically reveals the basic principles of the 

LC system in both structure and function, which provides the footstone to understand how this tiny 

nucleus exerts such variable and significant influences over brain function and behaviour.  

Key words: Locus Coeruleus; heterogeneity; synchronization; norepinephrine; network activity 
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Abstract: Objective Rostral agranular insular cortex (RAIC) has been ascertained with the 

modulation of pain sensation, pain-related emotions, and pain recognition as well. Although 

endogenous cannabinoid system has been proved to regulate physiological pain, inflammatory pain 

and neuropathic pain, the roles of cannabinoid system in the RAIC remain elusive under 

neuropathic pain state. Methods Mechanical Pain behavioral, pharmacological, western blotting 

and transgenic methods were used in our study. Results ACEA, an agonist of CB1R, significantly 

alleviated mechanical pain behaviors in CPN mice. The analgesic effect of ACEA was completely 

reversed by an antagonist of CB1R, AM251 in the RAIC of CPN mice. The analgesic effect was 

eliminated due to the activation CB1R in the RAIC after CB1R knockdown in GABAergic neurons, 

but not glutamatergic neurons. Moreover, DSI magnitudes of RAIC layer V pyramidal neurons 

were obviously increased at different depolarization duration (1 s, 5 s, 10 s) in CPN group. However, 

there was no significant differences of DSE magnitude between two groups. Furthermore, E/I ratio 

(mEPSC amplitude/mIPSC amplitude) was significantly increased in layer V pyramidal neurons of 

the RAIC from CPN mice. The output of RAIC layer V pyramidal neurons was obviously enhanced. 

The analgesia resulting from the activation of CB1R in the RAIC was also eliminated following 

bilateral dorsolateral fasciculus (DLF) lesion. In addition, ACEA decreased mIPSC amplitude of 

RAIC layer V pyramidal neurons in CPN mice. Conclusions The activation CB1R might reinforce 

function of descending pain inhibitory pathway via reducing GABAergic neurons inhibitory action 

on glutamatergic layer V neurons to induce analgesic effect in the RAIC in neuropathic pain state.  

Keywords: rostral agranular insular cortex; cannabinoid receptor 1; neuropathic pain; dorsolateral 

fasciculus; GABAergic neuron; glutamatergic neuron 
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Abstract: In our modern 24-h society and round the clock service requirement has incorporated 

shift work into our daily work routine. Shift work or non-24-h is no longer only limited to essential 

services, but also occurs in other services as well. Several studies have demonstrated the negat ive 

consequences of shift work or non 24-h work regimes on circadian clock functions. However, the 

extent of the circadian misalignment and behavioral and physiological alterations by non-24-h 

schedule still remains unclear. In the present study, we investigated the affects of non 24-h schedule 

on daily rhythms of 60 participants. We found the daily rhythms of activity, sleep, heart rate, blood 

pressure, oxygen levels, body temperature, fatigue, cognitive ability, and melatonin are altered 

under non-24-h schedule. In addition, to determine the underlying molecular mechanisms, we 

replicated the non-24-h schedule in zebrafish and examined the changes in gene expression. The 

results show similar alteration in the behavioral rhythms in zebrafish under non-24-h schedule. The 

RNA-seq data showed loss of rhythm or reduced amplitude in the expression of the core clock 

genes under non-24-h schedule, compared to 24-h schedule. We further evaluated an intervention 

strategy using light spectral manipulation as a measure to improve or reduce the affects in 

participants under non-24-h schedule. The results shows administration of blue light (shorter 

wavelength) at morning (using blue eye glasses) combined with no-blue-ray light (reduced shorter 

wavelength) at evening improves the amplitude of the daily rhythms and sleep quality in the 

participants under non-24-h schedule. Together, these results demonstrate the negative 

consequences of non-24-h schedule and provide a non-invasive strategy (blue light at morning and 
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no-blue light at evening) that may improve the wellbeing and work efficiency of the population 

under non-24-h schedule. 

Keywords: blue light, circadian clock, melatonin, non 24-h regime, sleep 
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Abstract:   Objective: This study was designed to investigate the impact of mindfulness training 

on supportive communication, emotional intelligence and human caring ability among nursing 

undergraduates. Methods: Sixty nursing students were recruited and were randomly divided into 

mindfulness training group (MT) who received an 8-week mindfulness training and control group 

who received only a lecture about mindfulness. All of the subjects completed the supporting 

communication scale, emotional intelligence scale and caring ability inventory before mindfulness 

training or lecture (T1), immediately after the training (T2), and three months after the training 

(T3). Results: (1) At T1, there were no significant differences between MT group and control group 

in all the scales. (2) At T2 and T3, the scores on supportive communication, emotional intelligence 

and human caring ability in MT group were significantly higher than those in control group. (3) 
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The improvement on emotional intelligence at T3 played a partially mediating role between 

mindfulness training and the improvement on supportive communication; the improvement on 

emotional intelligence in nursing students at T2 and T3 stage played a completely mediating role 

between mindfulness training and the improvement on human caring ability. Conclusion: 

Mindfulness training could improve the ability of supportive communication, emotional 

intelligence and human caring in nursing students, and these training induced improvements could 

persist at least three months. Moreover, the effect of mindfulness training on the supportive 

communication ability was partly mediated by the improvement on the emotional intelligence, 

while the effect of mindfulness training on the human caring ability was entirely mediated by the 

improvement of emotional intelligence. 

Key words: mindfulness training; supportive communication; emotional intelligence; human 

caring ability; nursing undergraduates 
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Abstract: Objective Precise spatial perception requires integration of visual and vestibular cues, 

yet they often carry distinct temporal dynamics, producing various lags in brain which may 

confound cue integration benefit. Methods Here we varied temporal offset between the two sensory 

inputs for macaques. Results (1) We found that the best heading performance did not occur under 

natural condition of synchronous inputs, but rather when visual stimuli preceded vestibular by 250-

500 milliseconds. (2) This offset was specific, which matched the lag between vestibular 

acceleration and visual speed information accumulated in frontal and posterior parietal lobes. (3) 

Aligning cues in the association cortices through artificial temporal manipulations utmost 

facilitated cue combination with some additional gain modulation effects that were beyond 

predictions from classic optimal linear summation algorithm. Conclusion These data support a late, 

instead of an early convergence model in which visual and vestibular cues with distinct dynamics 

from heterogeneous sources is integrated in decision-related levels for multisensory heading 

perception. 

Keywords: multisensory integration, heading perception, decision-making, frontal lobe 
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Abstract ： A prevalent explanation for the self-reference effect is that self-knowledge is 

represented by a set of specific brain regions, including anterior cingulate cortex (ACC), middle 

frontal gyrus (MFG), superior temporal gyrus (STG), precuneus, and inferior parietal lobule (IPL), 

which enables self-knowledge to be processed in priority than other-knowledge. However, the 

conventional univariate activation analysis adopted by previous studies could only detect the 

activation of separate brain regions. The current study mainly investigated the global neural 

patterns of self-knowledge (relative to other-knowledge) by the multivariate pattern analysis 

(MVPA). Results obtained in Experiments 1 and 2 were highly consistent, indicating that the core 

self-network (mainly the ACC) and salience network (mainly the insula) could distinguish self-

knowledge from other-knowledge. Furthermore, the neural pattern of positive self-knowledge 

mainly included the ventral part of ACC, while the neural pattern of negative self-knowledge 

mainly included the ventral and dorsal parts of ACC and cognitive control network (dorsolateral 

prefrontal cortex: dlPFC). These findings suggest that the core self-network and salience network 

are specific to self-knowledge. Moreover, positive and negative self-knowledge are separately 

driven by different cognitive and neural characteristics.  

Keywords: self-knowledge; self-reference effect; functional magnetic resonance imaging (fMRI); 

multivariate pattern analysis (MVPA) 
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Abstract: Objective Long noncoding RNAs (lncRNAs) are the major transcripts in many 

organisms and show cellular and tissue-specific expression pattern, especially rich expression in 

neural system. Although numerable studies demonstrated lncRNAs are involved in many biological 

processes via multiple ways, rare is reported about the effects of lncRNAs on modulating locomotor 

behavior. The current study is to investigate the regulatory effect of one novel lncRNA on 

Drosophila locomotion. Methods The EST of this novel Drosophila lncRNA has been predicted 

using bioinformatics and its full length has been confirmed by RACE method and Northern blot. It 

has no coding potential determined by in vitro translation. The lncRNA mutant has been constructed 

successfully by Crispr/Cas9 method. Results The lncRNA mutant showed higher level of 

locomotion behavior, indicated as longer walking distance and higher walking speed. Besides, the 

higher locomotion of this mutant could be rescued by overexpressing this lncRNA driven by pan -

neuronal Gal4 line. Conclusion The novel long noncoding RNA could be involved in regulating 

Drosophila locomotor behavior.  

Keywords: locomotion; nervous system; long noncoding RNA; Drosophila 
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Abstract: The Locus Coeruleus (LC), the main source of the norepinephrine (NE) in the brain, 

sends extensive axon projections throughout the brain and plays important roles in modulating 

diverse brain functions including sensory processing, arousal, attention, memory and cognition. 

However, its upstream synaptic inputs remain to be identified. Using the larval zebrafish as a model, 

we found that LC neurons receive motor-feedback signals from the spinal cord, which drive LC 

neurons to fire action potentials synchronized with motoneuron activities and animal locomotion. 

Electrophysiological recording showed that LC neurons exhibit phasic firing correlated with 

peripheral nerve firing with a lag of a few millisecond. And LC neurons robustly respond to the 

optogenetic activation of motoneurons in the spinal cord. Confocal imaging combined with 

optogenetic manipulation showed that an un-identified subtype of ascending interneurons in the 

spinal cord mediate the motor-feedback signals to LC-NE system. Thus, our study reveals a 

previously unidentified synaptic input from the spinal cord to the LC neurons that may mediate 

behavior state-dependent modulation of brain-wide neuronal activities. 
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Abstract: Our complex self-motion behavior in daily life typically contains two components: linear 

translation and rotation about head or body axis. Numerous previous studies have shown that the 

dorsal portion of the medial superior temporal area (MSTd) in macaque contain robust translation 

and rotation signals that can potentially mediate these two types of motion processing. Whereas 

causal link experiments have provided direct evidence supporting a critical role of the translation 

signals in the heading discrimination tasks, it is unclear about the causal roles of the rotation signals. 

Here we trained macaques to perform two tasks: a translation discrimination task, and a roll-rotation 

discrimination task based on optic flow that simulated self-motion. Microstimulations were applied 
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simultaneously in area MSTd to artificially perturb the neural activity. We found that 

microstimulation frequently biased the animals’ translation judgment as well as roll perception, 

indicating a sufficient role of these signals. Psychophysical thresholds were also significantly 

increased by microstimulation, indicating a necessary role as well. Interestingly, when performing 

the two tasks at the same time by using a four-alternative forced choice (4AFC) paradigm, we found 

that microstimulation significantly affect the animals’ judgment on motion types (heading versus 

roll). Our results overall reveal that MSTd activity causally contributes to both translation and 

rotation self-motion perception.   

Keywords: self-motion; roll-rotation; microstimulation; MSTd; optic flow; macaque 
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Abstract: Relational self-esteem (RSE) refers to one’s sense of self-worth based on the relationship 

with significant others, such as family and best friends. Although previous neuroimaging research 

has investigated the neural processes of relational self-esteem, it is less clear how RSE is 

represented in multivariable neural patterns. Being able to identify a stable RSE signature could 

contribute to knowledge about relational self-worth. Here, using multivariate pattern classification 

to differentiate RSE from personal self-esteem (PSE), which pertains to self-worth derived from 

personal attributes, we obtained a stable diagnostic signature of RSE relative to PSE. We found 

that multivariable neural activities in the superior/middle temporal gyrus, precuneus, posterior 

cingulate cortex, dmPFC, and temporo-parietal junction were responsible for diagnosis of RSE, 

suggesting that the evaluation of RSE involves the retrieval of relational episodic memory, 

perspective-taking, and value calculation. Further, these diagnostic neural signatures were able to 

sensitively decode neural activities related to RSE in another independent test sample, indicating 

the reliability of the brain state represented. By providing a reliable multivariate brain pattern for 

RSE relative to PSE, our results informed more cognitively prominent processing of RSE than that 

of PSE and enriched our knowledge about how relational self-worth is generated in the brain.  

Keywords: relational self-esteem (RSE); personal self-esteem (PSE); cognitive demanding; 

multivariable pattern analysis (MVPA) 
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Abstract: Objective Tool-making and tool use is one of the signature of homo sapiens. Such 

abilities are aligned with the observation of a dedicated left-lateralized network in human adult 

brain that is particularly relevant for processing tools, including left LOTC, IPL/SPL, IFG, and 

premotor cortex, which are structurally and functional connected, forming a dedicated network. 

The present study tests the phylogeny and ontogeny origins of human tool network by examine to 

what extent the intrinsic tool network is present in nonhuman primate (adult macaque) and human 

neonates (i.e., without individual tool use experience). Methods The tool preferring regions in 

human adults were defined using the Neurosynth meta-analyses platform, which were further 

converted to the macaque ROIs using the functional connectivity based method and to the neonate 

ROIs using the registration method. Face-processing ROIs were also obtained this way as a control 

domain. For all three groups, using the resting fMRI data, the mean FC within each domain and 

between two domains were compared to examine, within each population, whether the tool-

preferring regions are more tightly functionally connected, i.e., forming an intrinsic functional 

network. The contributions of each node, path, and network topology were further evaluated. 

Results The intrinsic tool functional network was not observed in adult macaque, and was observed 

in human neonates (significantly stronger rsFC among tool-ROIs compared to between tool and 

face ROIs), with the premotor and parietal cortex contributing most strongly to the early emergency 

of the tool network. Greater tool network similarities were found within species (adults and 

neonates) compared to those between species (adults or neonates vs. macaque), despite the motor 

experience difference in the former comparison. Conclusion The brain intrinsic functional network 
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underlying tool understanding, especially the connection between premotor and parietal, is innately 

wired in human neonates without individual motor experience with object use, yet is not present in 

our evolutionary cousins macaque monkeys, suggesting the evolutionary significance of such a 

tool-brain system.  

Keywords: tool brain network, macaque, neonates, resting fMRI, phylogeny, ontogeny  
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Abstract: A critical way for humans to acquire knowledge is through language, yet the underlying 

computation mechanisms through which language contributes to our word meanings are poorly 

understood. We compared three major types of computation mechanisms that derive word-

relational structure from a large language corpus (simple co-occurrence, graph-space relation and 

vector-space relation) in terms of the association of words with brain activity patterns, measured 

by two functional magnetic resonance imaging (fMRI) experiments. Word relations derived from 

a graph-space representation, and not the other two types, had unique explanatory power for the 

neural activity patterns in brain regions that have been shown to be particularly sensitive to 

language processes, including the anterior temporal lobe (capturing graph-common-neighbor), 

inferior frontal gyrus, and posterior middle/inferior temporal gyrus (capturing graph-shortest-path). 

These results were robust across different language co-occurrence measuring window sizes and 

graph sizes and were relatively specific to language inputs, as they were not associated with stimuli 

structures that had the same computations derived from visual co-occurrence statistics. These 

findings highlight the role of cumulative language inputs in shaping word meaning representations 

in this set of brain regions and provide a mathematical model to explain how they capture different 

types of language-derived information. 

Keywords: Word meanings; Co-occurrence statistics; Language computational models; fMRI; 

Graph-theory 
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Abstract: Objective Anxiety is a kind of repeated intense fear or terror feelings which also is a 

comorbidity of many psychiatric disorders. It is found to worsen stereotyped behavior in rodents. 

Self-grooming is innate stereotyped behavior with conserved microstructure in rodents. It can be 

found in the natural state and shows a significant increase in some types of diseases, such as autism 

spectrum disorder (ASD), stress, and chronic pain. However, the relationship between anxiety and 

stereotyped self-grooming remains poorly understood. Methods Three types of mouse models with 

a high level of anxiety were used, including a Shank3 knock out (KO) autistic mouse model, acute 

restraint stress, and chronic inflammatory pain mouse model. Open field test (OFT) was used for 

evaluating the anxiety level. Self-grooming behavior was analyzed by manual counting based on 

the grooming analysis algorithm. Results Shank3 KO mouse model, acute restraint stress, and 

chronic inflammatory pain mouse model all showed a high level of anxiety compared with the 

control mice in the OFT. Self-grooming behavior also increased in all three types of mouse models 

although the detailed parameters were not the same. Moreover, the grooming microstructure 

displayed diversity in the three types of mouse models. Diazepam, a kind of anxiolytic drug, relives 

the anxiety and over self-grooming. However, the grooming microstructure cannot be relived in 

Shank3 KO mice but partly in the restraint stress mouse model by diazepam treatment. Conclusion 

Different etiologies produce distinct patterns of anxiety-induced grooming behaviors. The 

alleviation of anxiety does not fully relieve different types of over self-grooming. Our findings 

indicate that anxiety maybe not fully correlated with stereotyped behavior, at least in certain type 

of disease, such as autism.  
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Abstract: Objective Numerous studies have indicated the executive functions (EF) impairments 

in obesity, and cognitive flexibility is one of the key aspects of EF and correlated to eating disorders. 

The current study using a food-related task switching paradigm with functional magnetic resonance 

imaging (fMRI), aimed to investigate the neural correlates of cognitive flexibility for high -calorie 

foods in the healthy weight (HW) and overweight/obese (OW/OB) young females. Methods 22 

HW and 22 OW/OB women participated in this study. Subjects compared the stimuli numbers 
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between two pictures in trials cued with “Number”, or identified whether the shapes of two pictures 

were the same in trials cued with “Shape”. Trials with the same task as the prior one were defined 

as repeated trials, otherwise, switch trials. Weight and body fat were assessed on the scanning day 

and 6 months later. Results Behavior data revealed switch trials having longer reaction time and 

lower accuracy than repeated trials, that difference in reaction time was greater for food than neutral 

stimuli. OW/OBs showing lower accuracy for food vs. neutral stimuli. And lower accuracy for food 

on switch trials predicted increase in body fat percentage after 6 months only in the OW/OB. Brain 

imaging results showed that switch vs. repeated trials activated left dorsolateral prefrontal cortex, 

right thalamus, bilateral anterior dorsal insula and bilateral supplementary motor areas. In the 

contrast "switch vs. repeated", food versus neutral stimuli activated right anterior cingulate cortex 

and bilateral putamen. When comparing food-switch and neutral-switch trials, OW/OBs vs. HWs 

evoked greater activation in right anterior insula and right hippocampus. Conclusion The difficulty 

in cognitive switching for palatable food might exacerbate obesity in young women with 

overweight/obesity. 

Keywords: Cognitive flexibility; Cognition; Obesity; fMRI 
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Abstract: Objective The animal model of depression induced by unpredictable chronic mild stress 

(UCMS) has been widely used to study depression. The underlying pathological mechanisms of 

UCMS-induced depression are still unclear. The present study is to explore the possible mechanism 

of UCMS-induced depression. Methods The rats with depression were induced by UCMS. The 

local administration was employed to determine the target of ICs in the CNS. Electrical lesions are 

used to remove the lateral habenula (LHb). Results (1) UCMS could increase ICs in the CNS, 

especially in the habenula (Hb). UCMS resulted in the expression of Menin in Hb and increased 

the activation of the NF-κB signaling pathway. Local administration of tumor necrosis factor-α 

(TNF-α) in LHb could induce depression-like behavior in rats, and anti-inflammatory drug Aspirin 

and NF-κB inhibitor PDTC could alleviate depression-like behavior. This phenomenon was not 

observed for local administration in the raphe nucleus, paraventricular nucleus, and hippocampus. 

(2) LHb lesions could improve the inflammatory response in the hippocampus, reduce the activation 

of the NF-κB signaling pathway and the expression of ICs, and increase the expression of BDNF 

and its receptor TrkB, improve the neuroinflammation caused by UCMS. LHb lesions could 

improve the neurogenesis damage caused by UCMS by activating the PI3K/mTOR signaling 

pathway, inhibiting apoptosis, improving hippocampal function, and improving depression-like 

behaviors. Conclusion LHb is the target of inflammatory cytokines in the central nervous system 

and mediates UCMS to induce depression-like behavior in rats. 

Keywords: Unpredictable chronic mild stress; Lateral habenular nucleus; Inflammatory cytokines; 

depression; NF-κB; 
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Abstract: The insular cortex, anatomically close to amygdala, is also an integrative hub for sensory, 

emotional and cognitive function. Growing body evidences suggest that alterations in insular 

structure and function have also been implicated in anxiety disorders. However, the reciprocal 

connections and precise subdivision of insular cortex involved in anxiety activities remains 

mechanistically unclear. In the present study, using anterograde and retrograde tracing methods, 

we verified that the anterior (AIa) but not posterior (AIp) agranular insular cortex is a major source 

of projections to the amygdala. Consistently, excitotoxic lesions only in AIa induced the anxiolytic 

behaviors and impaired fear memory. Using optogenetics methods, we found that selectively 

photoactivation of AIa GABAergic neurons remarkably promoted cued fear extinction and relieved 

anxiety in PSTD mice model. Finally, the participation of AIa in the storage of learned fear is also 

supported by the abolished LTP after fear conditioning and decreased the cued freezing using 

protein synthesis inhibitor immediately following training. Our results underscore the importance 

of AIa in fear and anxiety behavior and suggest that the AIa might share functions and interaction 

with amygdala in in anxiety related disorders. 
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Abstract: How object-based attention (OBA) spreads within the boundaries of an object and 

whether this spreading interacts with awareness remain unclear. Here, we investigated these issues 

with a modified spatial cuing paradigm developed by Egly et al. (1994) with two U-shaped objects 

(UO), one of which was randomly present and the other was absent with equal probability on each 

trial. Low- or high-luminance masks rendered the whole objects visible or invisible to subjects, 

respectively. Both four ends and two middles of UOs, with an iso-eccentric distance from fixation, 

were the possible locations of cues and targets. The cue and target was a red and green circle, 

respectively, overlapping one of locations of a UO regardless of its presence or absence. There 

were two possible conditions: a grouping condition (GC) was defined as a congruent situation that 

both the cue and target appeared at the present UO (50% of the trials); a baseline condition (BC) 

was defined as a comparable situation that both the cue and target appeared at the absent UO (50% 

of the trials). During each situation, in 75% of the trials, the cue was valid and the target appeared 

at the pre-cued location (Valid Cue, VC). In the rest of trials, the cue was invalid and the target 

appeared either at the uncued middle (Invalid-middle Cue, IMC) or end (Invalid-end Cue, IEC) of 

the UO with equal probability. All conditions were randomized and subjects were asked to detect 
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the target as rapidly and correctly as possible. Despite the visibility of UOs, results showed that 

subjects’ detection of the valid cued target was the fastest in both the GC and BC trials. More 

importantly, we found that this detection was faster in the IMC than the IEC condition  in the GC 

trials, but not in the BC trials, indicating a gradual spreading of OBA even if without awareness. 

 

This work was supported by the National Natural Science Foundation of China (Projects 32022032 

and 31871135) and the Key Realm R&D Program of Guangzhou (202007030005). 
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Abstract: Objective Alzheimer's disease (AD) is one of the neural degenerative disease with the 

highest incident rate in elderly population. Mild cognitive impairment (MCI), the early stage of 
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AD, is the best time window to stop or slow the development of disease. Unfortunately, the 

diagnosis of AD and MCI is largely depending on the physician’s clinical experience, patients 

complain and cognitive function rating scales, which is diseconomy and lack of sensitivity and 

objectively. Saccadic eye movement in oculomotor tasks, which can be accurately observed and 

contain lots of executive functions, may serve as one of the relatively objective, sensitive, rapid 

and cost saving method to explore the cognitive function in elder population. Methods 199 patients 

with cognitive impairment in different stages and 77 age-match control underwent both classical 

cognitive function rating scale (MMSE, MoCA) and saccadic tasks (pro-saccade, anti-saccade and 

memory-guided saccade). Results (1) the saccadic reaction time in Pro- and anti-saccade tasks, the 

saccadic accuracy in anti- and memory-guided saccade tasks, and the correct rate in anti- and 

memory-guided saccade tasks show from moderate to strong correlation with the scales of MMSE 

and MoCA tests. (2) the correct rate in anti- and memory-guided saccades could discriminate 

patients with cognitive impairment from ageing matched control subjects. (3) the anti- and memory-

guided tasks are more sensitive for detecting inhibition function than MMSE and MoCA tests. 

Conclusion Saccadic eye movement in oculomotor tasks may serve as one of the relatively 

objective, sensitive, rapid and cost saving method to explore the cognitive function in e lderly 

population. 

Keywords: Cognitive impairment; Cognitive function assessment; Saccadic task 
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Abstract: Confidence estimation is a dynamic process that accompanies decision-making. Low 

confidence during decision often leads to the agent seeking other sources of information before 

committing to a choice. Whether confidence estimation is a distinct process parallel to the evidence 

accumulation process of decision making or not is unclear. Here, we adapted the classic random 

dots motion direction discrimination task, so that the subjects might opt to look at another random 

dots stimulus when the initial stimulus was not sufficient for them to make a decision. We measured 

the performance of 9 subjects. The subjects increased their proportion of optional sampling from 0 

to nearly 50% when the coherence level dropped from 26% to 0%. Yet the reaction time for the left 

and right choices was only slightly shorter when the optional sampling is allowed than when it is 

not. In addition, the reaction time of the optional sampling is higher than the reac tion time for the 

left and right choices. These results were incompatible with the hypothesis in which a separate 

optional sampling decision-making process competes against the left and right decision-making 

process. We created a model in which the accumulated evidence for the left and right decision is 

used to evaluate whether it is better to wait for further evidence or to choose the optional sampling 

to maximize the reward rate. Simulations based on the model reproduced the subjects’ behavior. 

These results support the hypothesis that the confidence estimation is based on the same evidence 

accumulation process for decision making. 
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Abstract: Objective Obesity is a growing worldwide health problem and atypical high caloric 

consumption is a major account for it. Histamine has long been considered an anorexigenic agent. 

However, many histamine-related agents fail to improve body weight problem in most clinical trials 

which gave a suggestion that central histamine system have diverse circuits that serves different 

functions on feeding. This study is to explore whether TMN-MS histaminergic circuit plays a role 

in feeding behavior and further regulate body weight. Methods we use optogenetic and 

chemogenetic techniques, together with adeno-associated virus (AAV)-mediated gene interference 

to dissect an appetite control circuit originating from the TMN. Results (1) Selective activation of 

TMN-MS histaminergic circuit suppresses feeding and vice versa. (2) MSGlu neurons are the main 

component of this food-suppression circuit. (3) The amount of histamine H2 receptors (H2Rs) in 

MSGlu neurons are decreased in DIO mice and down regulation of H2Rs in MSGlu neurons accelerate 

body weight gain. Conclusion TMNHA-MS circuit plays an important role in feeding behavior and 

H2Rs on MS glutamatergic neurons can be a promising target for treating feeding diseases.  
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Abstract: Objective Working memory is the ability to transiently hold and manipulate information 

necessary for performance of complex cognitive tasks. Evidence shows that hippocampus (HPC) 

and prefrontal cortex (PFC) play important roles in working memory. This study aims to investigate 

the neuronal correlates between local field potentials (LFPs) from HPC and PFC in a spatial 

working memory task based on weighted phase lag index, which is expected to achieve a better 

understanding of working memory. Methods Male Sprague-Dawley rats (12-14 weeks, 300-350g) 

were used in this expriment. Multi-channel LFPs were obtained from hippocampus and prefrontal 

cortex with implanted microelectrode arrays while the rats performed a Y-maze working memory 

task. LFPs was then preprocessed to remove the baseline drift and power-line interference. The 

short-time Fourier transform was utilized to analyze the power changes in LFPs and theta  (4-12 Hz) 

band was extracted via band filtering. Phase-synchronization between the theta-band LFPs from 

the two regions was quantified via weighted phase lag index (WPLI) to analyze the neuronal 

correlates of working memory in HPC and PFC. Results Our results showed increased theta power 

in both HPC and PFC during the spatial working memory task. Moreover, a transient enhance of 

theta phase-synchronization were observed only on trials in which the animal subsequently made 

the correct response. Conclusion These findings suggest the phase-synchronization between LFPs 

(theta-band) from HPC and PFC is indispensable for spatial working memory in rat. 

Keywords: Working memory; Local field potentials (LFPs); Phase-synchronization; Weighted 

phase lag index (WPLI) 
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Abstract: One of the most remarkable functional feats accomplished by visual system is the 

interpolation of missing retinal inputs based on surrounding information, a process known as 

perceptual completion. Perceptual completion enables the active construction of coherent, vivid 

percepts from spatially discontinuous visual information that is prevalent in real-life visual scenes. 

Despite mounting evidence linking sensory activity enhancement and perceptual completion, 

surprisingly little is known about whether and how attention, a fundamental modulator of sensory 

activities, affects perceptual completion. Using electroencephalogram-based time-resolved 

inverted encoding model (IEM), we reconstructed the moment-to-moment representation of the 

illusory grating that resulted from spatially interpolating the orientation of surrounding inducers. 

We found that, despite manipulation of observers’ attentional focus, the illusory grating 

representation unfolded in time in a similar manner. Critically, attention to the surrounding inducers 
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simultaneously attenuated the illusory grating representation and delayed its temporal development. 

Our findings disclosed, for the first time, the suppressive role of selective attention in perceptual 

completion and were suggestive of a fast, automatic neural machinery that implements the 

interpolation of missing visual information. 
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Abstract：Objective Nigrostriatal dopaminergic (DA) system, originated from DA neurons in the 

ventral and dorsal tiers of the substantia nigra pars compacta (vSNc, dSNc) and innervating the 

dorsal striatum, is critically implicated in motor control. Accumulating studies demonstrate 

impairment of nigrostriatal DA system and motor function in aged subjects. However, it is unknown 

whether dSNc and vSNc DA neurons and striatal DA terminals age similarly, and whether these 

changes parallel motor deficits. The present study is to explore whether age-dependent alterations 

in the key components of nigrostriatal dopaminergic system correlate with distinct motor 

phenotypes. Methods To solve these puzzles, we performed electrophysiological recordings from 

dSNc and vSNc DA neurons in rats, measured alterations in SNc DA neurons and striatal DA 

terminals with immunohistochemistry in mice, determined dopamine release in the dorsal striatum 

with a dopamine sensor in mice, and analyzed motor behaviors in aging cohorts of rats and mice 

(6, 12, 18, and 24 months old). Results (1) Spontaneous firing rate of dSNc and vSNc DA neurons 

and depolarization-evoked firing rate of dSNc DA neurons showed inverse V-shaped changes with 

age. But depolarization-evoked firing rate in vSNc DA neurons increased with age. (2) The survival 

and the activity of dSNc and vSNc DA neurons and DA axonal fibers altered in an age-dependent 

manner, and dopamine release declined with age in the dorsal striatum. (3) In locomotion tests, 12-

month group showed hyperactive exploration, relative to 6- and 24-month groups. Additionally, 

aged rodents showed significant deficits in coordination. (4) Elevating dopamine levels with a 

dopamine transporter inhibitor improved both locomotion and coordination in aged mice. 

Conclusion The key components in nigrostriatal DA system exhibit distinct aging patterns, and 

may contribute to age-related alterations in locomotion and coordination. 

Keywords: Aging; Substantia nigra pars compacta; Dopaminergic neurons; Dopamine sensor; 
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Abstract: Chronic stress and anxiety play an important role in promoting the progression and 

migration of cancers. However, little is known of any direct impact on tumor progression related 

to the regulation of emotion-related circuitry. By investigating breast cancer mouse models with a 

chronic mild-stress model, optogenetic stimulation and behavioral analysis, we showed that chronic 

stress induced anxiety-like behavior in mice and increased serum concentration of norepinephrine 

and corticosterone, hormones closely related to stress and anxiety. Optogenetic activation of 

VTATH terminals in the mPFC rescued anxiety-like behavior induced by chronic stress. Chronic 

stress resulted in marked progression of breast tumors and repetitive optogenetic activation of VTA 

TH terminals in the mPFC significantly attenuated stress-induced progression of breast cancers and 

reduced serum concentration of norepinephrine and corticosterone. Furthermore, there was a 

positive correlation between serum norepinephrine or corticosterone concentration and tumor size. 

These findings indicate a positive role of an emotion-regulation circuit on the progression of breast 

cancer and reveal a link between stress, emotion regulation and the progression of breast cancers. 

Our findings provide new insights pertinent to therapeutic interventions in the treatment of breast 

cancers. 
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Abstract: Objective Mounting evidence indicates the immune dysfunction may contribute to the 

neurobiology of major depressive disorder (MDD). Toll-like receptor 4 (TLR4) and P2X7 receptor 

(P2X7R) were recently reckoned pivotally to regulate NLRP3 in microglia. Pinocembrin with anti -

inflammatory activities has been studied in various diseases. Herein, we investigated the potential 

anti-neuroinflammatory effects of pinocembrin on chronic unpredictable mild stress (CUMS)-

induced depressive-like behavior. Methods Male C57BL/6J mice were subjected to CUMS for 4 

weeks, treatment group were injected with pinocembrin at dose of 20 mg/kg. After the stress 

procedure, behavioral tests including Sucrose Preference Tests (SPTs) and Tail Suspension Tests 

(TSTs) were performed to evaluate depressive-like phenotype. Subsequently, expression of 

cytokines and microglia-related inflammatory biomarkers were assessed. Results In the study, we 

found that pinocembrin significantly reversed the declination of SPT percentage and the extension 
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of TST immobility durations in depression mouse model. Also, we observed that pinocembrin 

significantly suppressed microglial activation in the hippocampus. Additionally, pinocembrin 

downregulated hippocampal NLRP3 through P2X7/TLR4 pathway, and also regulated the CUMS-

induced imbalance of pro-inflammatory cytokines including interleukin-1beta (IL-1β), tumor 

necrosis factor alpha (TNF-a) and interleukin-6 (IL-6). Conclusion In conclusion, pinocembrin 

ameliorates CUMS-induced depressive-like behaviors through downregulating P2X7/TLR4 

pathway, providing the new insight for depression patients. 

Key words: Pinocembrin, stress, depression, inflammation, P2X7 receptor, TLR4 
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Abstract: Objective Human communicates informatively. Recent development in computational 

theories on cognition has proposed that––similar to value-based decisions––a speaker selects an 

appropriate expression in context by computing and comparing informativity between candidate 

utterances, and a listener interprets the received expression as a rational decision made by the 

speaker. Although these theories highlight the central role of informativity in communication in a 

manner analogous to value in goal-directed behavior, no direct evidence is available that the brain 
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indeed evaluates expression informativeness in conservational context. Here, we investigate 

whether and how informativity is represented in patterns of neural activity in listeners, and whether 

listeners and speakers have similar or distinct underlying patterns in coding communicative 

informativity. Methods We address these questions in a well-established referential game 

previously used to establish the neural mechanisms of strategic communication. Specifically, two 

independent fMRI experiments (N1= 34, N2=26) are conducted, to first establish and replicate 

informativity representations in listeners, and then to evaluate the degree to which identified 

patterns could be generalized across contexts and to speakers.  Results Multivariate analyses show 

that expression informativity, derived on a trial-by-trial basis using information theory, is robustly 

represented in patterns of neural activity in the listener’s dorsal medial prefrontal cortex (dmPFC). 

Surprisingly, further analyses suggest that the listener and speaker dmPFC use a common neural 

coding to represent the same amount of expression informativity across different communicative 

contexts. Conclusion These results support a model of intentional communication whereby the 

effective interpretation and production of communicative signals arises from evaluating expression 

informativity, providing a neurocognitive basis for rational communication accounts. 

Keywords: neural population coding, fMRI, communication, information, dmPFC  
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Abstract: Objective Histamine is a conserved neuromodulator in mammalian brains and critically 

involved in numerous physiological functions. Understanding the precise structure of the 

histaminergic network is the cornerstone in elucidating its function. Methods Using novel HDC-

CreER mice and genetic labeling strategies, we reconstructed a whole-brain 3D structure of 

histaminergic neurons and their outputs at 0.32×0.32×2 μm3 pixel resolution with a cutting-edge 

fluorescence micro-optical sectioning tomography system (fMOST). Results We quantified the 

fluorescence density of all 588 brain nuclei in genetically labeled mice brains and found that 

histaminergic fiber density varied significantly between brain regions. We then determined that 

histamine release in differing brain regions, induced via optogenetic activation of histaminergic 

neurons, was positively correlated with histaminergic fiber density. Conclusion Collectively, this 

study constitutes an unprecedented whole-brain histaminergic network quantitative analysis at the 

mesoscopic level, providing a foundation for future functional histaminergic studies.  

Keywords: histaminergic network; histaminergic neurons; whole-brain map; fMOST 
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Abstract: It has long been an intriguing question whether there is a general switch that controls 

the onset and offset of motion for the whole body. It has been widely reported that the 

pedunculopontine nucleus (PPN), the ventral component of the mesencephalic locomotor region, 

is closely related to locomotion control. However, several recent studies have found controversial 

results regarding whether PPN excitatory neurons initiate or terminate motor activity. Here, we 

found that optogenetic activation of glutamatergic excitatory neurons in the rostral PPN specifically 

induced freely moving rats to halt ongoing voluntary and involuntary motions. More importantly, 

rats constantly maintained their body postures of those motions throughout the optogenetic 

activation of PPN glutamatergic neurons, and the rats’ motor activity resumed immediately after 

the offset of laser stimulation. Furthermore, activation of PPN glutamatergic neurons affected 

cognitive performance. We also identified the upstream inputs and the downstream outputs of PPN 

glutamatergic neurons. Additionally, optogenetic stimulation of axon terminals projecting from 

PPN glutamatergic neurons to the pontine reticular nucleus/gigantocellular reticular nucleus 
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(PnC/Gi) halted all motions. Taken together, prove to be fundamental in understanding the 

mechanism of locomotion control and guide the development of new deep brain stimulation 

protocols targeting the PPN for the treatment of Parkinson’s disease. 

Key words: pedunculopontine nucleus, glutamatergic neuron, locomotion control, motion halt ing, 

posture, neural circuit, pontine reticular nucleus, gigantocellular reticular nucleus 
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Abstract: Objective Living in complex environment, animals are confronted with enormous visual 

primitives when they approach a target or avoid of predators. As for these distinct tasks in their life, 

fast and accurate figure detection from background is indispensable, yet the underlying neural 

mechanisms remains to be explored. This study is to investigate the neural basis on which flies 

discriminate figure and background relying. Methods Presenting free-walking flies with random-

dots based figure-background stimuli and analyzing their tracking trajectory via custom Matlab 

code. Results (1) Wild type flies tracked moving figures against counter-rotating background in a 
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velocity-dependent manner. (2) After blocking lobula projection neuron, LPN-f, flies ignored the 

figure and preferred the background. (3) After blocking neuron in ellipsoid body, R neuron, flies 

showed abnormal tracking response towards compound stimuli. Conclusion LPN-f and R neuron 

are required for figure and background discrimination behavior in Drosophila. 

Keywords: free-walking flies; figure and background discrimination; lobula projection neuron; R 

neuron 
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Abstract: Objective Dopamine plays important roles in retinal function related to circadian 

rhythmicity, cell survival and eye development. To serve this role, dopaminergic amacrine cells 

exhibit a rich diversity in their morphology, electrophysiology and anatomy features, and fell into 

many categories. While for most types, their morphology, electrophysiology features and their 

response to light have been well documented, the gene expression profile remains largely unknown. 

Cellular analysis of amacrine cells in mice has also been completed using 10X single cell RNA 
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sequencing recently. But there is a lack of bridge joining these morphological, functional and 

genetic information. Here, by using Patch-seq technique, we could collect profiles of dopaminergic 

amacrine cells multi-dimensionally. By doing this, we proposed that some genes may determine 

the way in which amacrine cells mature and function in the activity of visual information process. 

Methods: Eyeballs were removed from anesthetized transgenic mice which were dark adapted 

overnight. Retinas were isolated from the eyes under dim red light. For all experiments, a piece of 

retina was isolated from the choroid and pigment epithelium and mounted flat in a recording 

chamber with ganglion cells side up. The retina was superfused with warmed (31-34℃) and 

oxygenated (5% CO2/95%O2) Ames solution (Sigma). Whole-cell patch-clamp recordings were 

made with internal solution containing (in mM): 111 K-gluconate, 4 KCl, 10 HEPES, 0.2 EGTA, 

4 Mg-ATP, 0.3  Na-GTP, 5 Na2-phosphocreatine, 13.4 Biocytin. Light responses were recorded in 

voltage clamp and current clamp. Light intensities are delivered through the microscope condenser 

with peak spectral outputs at 460-495nm or 530-550 nm. Full-field stimuli covered a 500-μm-

diameter spot on the retina centered on the cell of interest. The spot size covered both the center 

and most of the surround of the receptive field of the recorded cell.  After recording, cell contents 

aspiration was conduct. In detail, the cell will gradually swell because of a high-osmolarity internal 

solution. The contents of the cell are aspirated into the pipette using gentle, negative pressure and 

are then used for cDNA synthesis, amplification, and sequencing. A piece of retina was fixed with 

solution containing 4% PFA overnight. Tissue was counterstained with Streptavidin-conjugated 

Alexa 488 to visualize recorded cells. Cell nuclei were stained with DAPI and starburst amacrine 

cells were stained with antibodies against choline acetyltransferase (ChAT) for accurate 

identification of dendritic stratification in the inner plexiform layer. The results of library building 

were mapped to the molecular taxonomy of the mice retina using scRNA-seq. Result: 

Dopaminergic amacrine cells show several types in morphological, functional and transcriptome 

aspects. Conclusion: Patch-seq technique is a powerful tool in neuron classification and can be 

applied to dopaminergic amacrine cells properly. 

Keywords: dopaminergic amacrine cells, morphology, electrophysiology, gene expression 
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Abstract: Gamma oscillation (GAMMA) in the local field potential (LFP) is a synchronized 

activity commonly found in many brain regions; and it has been thought as a functional signature 

of network connectivity in the brain, which plays important roles in information processing. Studies 

have showed that response property of GAMMA is related to neural interaction through local 

recurrent connections (RC), feed-forward (FF) and feedback (FB) connections. However, the 

relationship between GAMMA and long-range horizontal connections (HC) in the brain remains 

unclear. Here, we aimed to understand this question in a large-scale network model for the primary 

visual cortex (V1). We created a computational model composed of multiple excitatory and 

inhibitory units with biologically plausible connectivity patterns for RC, FF, FB and HC in V1; 

then we quantitated GAMMA in network models at different strength levels of HC and other 

connection types. Surprisingly, we found that HC and FB, the two types of large-scale connections, 

play very different roles in generating and modulating GAMMA. While both FB and HC modulate 

a fast gamma oscillation (around 50-60 Hz) generated by FF and RC, HC generates a new GAMMA 

oscillating around 30Hz, whose power and peak frequency can also be modulated by FB. 

Furthermore, response properties of the two GAMMAs in a network with both HC and FB are 

different in a way that is highly consistent with a recent experimental finding for distinct GAMMAs 
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in macaque V1. The results suggest that distinct GAMMAs are signatures for neural connections 

in different spatial scales and they might be related to different functions for information integration. 

Our study, for the first time, pinpoints the underlying circuits for distinct GAMMAs in a 

mechanistic model for macaque V1, which might provide a new framework to study multiple 

gamma oscillations in other cortical regions. 

Keywords: Macaque, Visual cortex, Horizontal connection, Feedback connection, Gamma 

oscillations 
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Abstract: Objective Dysfunction of the dopaminergic (DA) neurons is implicated in the 

pathogenesis of bipolar disorder (BPD). Histamine receptor 2 (Hrh2) is highly expressed in DA 

neurons, and its antagonists have been reported to induce mania phase of BPD. However, whether 

Hrh2 on DA neurons contributes to BPD pathogenesis is unclear. The present study aims to explore 

the role of hrh2 on DA neurons in the pathology of BPD. Methods AAV-FLEX-shHrh2 was 

injected into a targeted brain area of DAT-Cre mice, leading to a selective brain-regional loss of 

Hrh2 on DA neurons. A series of behavior tests were used to measure the spontaneous activity, 

anxiety and depression level of Hrh2-deficient mice. Results (1) In the open field test and home-

cage activity test, Hrh2-deficient mice displayed increased spontaneous activity. (2) Hrh2-deficient 

mice showed reduced depression level in the tail suspension test, forced swimming test and sucrose 

preference test. (3) The anxiety level of Hrh2-deficient mice was decreased in the open field test. 

Conclusion Hrh2 on DA neurons is closely related with mania-like behavior. 

Keywords: Bipolar disorder; mania; Hrh2; dopaminergic neurons 
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Abstract: Chronic cough is associated with cough hypersensitivity and comorbid depression. The 

medullary nucleus of solitary tract (NTS) is of vital importance in the transmission of airway 

sensory. Recent studies showed that inhalation of capsaicin eliciting a strong urge to cough is 

associated with the activation of the NTS in humans. However, whether the NTS mediates the 

cough reflex and complications remains unknown. Using pharmacogenetic and 

electrophysiological approaches, we dissected the functional role of NTS in mediating cough 

hypersensitivity. We established a chronic cough mice model by a 14-day repeated airway 

stimulation treatment. We found an increase in NTS neuronal activity in chronic cough mice. 

Moreover, pharmacogenetic inhibition of the NTS neurons significantly alleviated the cough 

behavior but not the depressive-like behavior in chronic cough mice. Thus, NTS neurons play a 

critical role in mediating cough hypersensitivity but not comorbid depression. 
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Abstract: Objective In this study, we investigated the cross-frequency coupling pattern of local 

field potentials(LFPs) recorded from hippocampus and prefrontal cortex in normal rats during a 

working memory task.Support vector machine(SVM) combined with the modulation index and 

behavioral results was applied to classify the behavior results to explore the feasibility of 

modulation index in predicting working memory behavior.. Methods Experimental data: LFPs 

recorded from hippocampus and prefrontal cortex in normal SD rats when they performed a Y-

maze working memory task. LFPs were preprocessed by notch filter and polynomial fitting to 

remove the 50 Hz powerline interference and baseline drift. Time-frequency distribution of LFPs 

was obtained by using the short-time Fourier transform. The phase-amplitude modulation index 

method was used to calculate the cross-coupling distribution between LFPs in hippocampus and 

prefrontal cortex. The characteristic phase frequency and amplitude frequency range of working 

memory were determined. Moving average method (window length 1s, moving step length 0.5s) 

was used to calculate the modulation index (MI) between LFPs in hippocampus and prefrontal 

cortex in each window, to obtain the dynamic distribution of modulation index. The feature pattern 

of cross-coupling between hippocampus and prefrontal cortex in working memory were analyzed.  

Support vector machine (SVM) combined with the modulation index and behavioral results was 

applied to classify the correct or incorrect trials, to explore the feasibility of modulation index in 

predicting working memory behavior. Results The average value of MI between the low frequency 

(4-8Hz) phase of hippocampus and high frequency (80-120Hz) amplitude of prefrontal cortex in 

correct trials(0.0019±0.0003) was significantly higher than that in the incorrect 

trials(0.0011±0.0002, P<0.01).There was no significant difference between the MIs in the incorrect 

trials and testing state(0.0011±0.0005). In the correct trials, the peak value of MI appeared at [-

1.5s~-0.5s] prior to the reference point. The peak value of MI in the correct trials  (0.0093±0.0024) 

was significantly higher than that in the incorrect trials (0.0057±0.0025, P<0.01). Support vector 

machine based on MI can achieve 98.94% accuracy in the classification of correct and error 

behavior. Conclusion Cross-coupling strength between hippocampus and prefrontal cortex 

significantly increased during the correct trials but not on the incorrect trials, which encodes 

working memory. Support vector machine combined with the modulation index and behavioral 

results can accurately predict working memory behavior.  

Keywords: Working memory; Hippocampus-prefrontal cortex cross-coupling; Support vector 

machine (SVM); Local field potentials (LFPs) 
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Abstract: The claustrum (CLA) has extensive connections with many cortical regions, and has 

been proposed to participate in multisensory integration as well as cortical control. The medial 

entorhinal cortex (MEC) is a critical area participating in spatial information processing and 

provides a major interface between neocortical areas and the hippocampus. The previous study has 

determined that the CLA and MEC deep layers had strong connections. But the functional activity 

pattern of the CLA-MEC pathway correlated with specific behaviors remains unknown. Here we 

introduced our approach for functional recording of CLA-MEC projecting neurons in freely moving 

mice. We injected retrograde adeno-associated virus carrying Ca2+ indicator GCaMP6m into MEC 

deep layers and recorded the Ca2+ activity in the CLA with fiber photometry ~1 month after viral 

injection. Post hoc histology showed a robust expression of GCaMP6m in the CLA. Both 

spontaneous and evoked Ca2+ activities of the CLA-MEC projecting neurons were reliably recorded 

in anesthetized and freely moving states. A long-term recording of up to two weeks was achieved 

with a stable signal quality. Therefore, this approach is a powerful method to monitor the neural 

activities in a particular pathway, making it possible to reveal the role of the CLA in spatial 

information processing and memory formation. 
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Abstract: Acute stress triggers a complex cascade of psychological, physiological, and neural 

responses, which show large and enduring individual differences. Although previous studies have 

examined the relationship between the stress response and dynamic features of the brain’s resting 

state, no study has used the brain’s dynamic activity in the resting state to predict individual 

differences in the psychosocial stress response. Methods: in the current study, resting-state scans 

of forty-eight healthy participants were collected, and then their individual acute stress responses 

during the Montreal Imaging Stress Test (MIST) paradigm was recorded. Results defined a 
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connectivity state (CS) characterized by the positive connectivity between the ventral attention 

network (VAN) and sensory networks and negative connectivity between the default mode network 

(DMN) and the dorsal attention network (DAN) could positively predict participants’ subjective 

stress response. Another CS characterized by hyperconnectivity across the whole brain could 

positively predict participants’ feelings of uncontrollability. Finally, a CS characterized by 

moderate positive connectivity across the whole brain could negatively predict participants' 

feelings of social evaluative threat. However, no CS could predict participants’ salivary cortisol 

stress response. Conclusion: these results suggested that the brain state characterized as attentional 

regulation, linking self-control and top-down regulation ability, could predict the psychosocial 

stress response. This study also developed an objective indicator for predicting human stress 

responses. 

Keywords: Resting-state; Dynamic functional connectivity; Stress response; Montreal Imaging 

Stress Test 
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Abstract: Working memory related to temporary storage and manipulation of task information. 

For working memory to ‘work’, it must be robust to resist distraction. However, the neural 

mechanisms of distraction resistance remain unclear. Here we found that anterior cingulate cortex 

(ACC) input to medial prefrontal cortex (mPFC) is critical for distraction resistance in olfactory 

working memory. Head-fixed mice were trained to perform a dual task, with a Go/No-go task nested 

in the delay period of a delayed paired association task. Two-photon calcium imaging through 

micro-prism in mPFC and ACC showed that ACC neurons exhibited stronger distraction resistance 

than mPFC. Optogenetic silencing of ACC to mPFC projection significantly decreased the 

performance of mice in dual task. Simultaneous calcium imaging in mPFC and optogenetic 

suppression of ACC-to-mPFC projection demonstrated that ACC inputs were critical for 

information maintenance and distractor resistance of mPFC neurons. Therefore, ACC to mPFC 

projection is critical for distractor interference in working memory.  

Keywords: working memory; dual-task; distractor interference; mPFC; ACC; two-photon 

microscope; optogenetics 
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Abstract: Objective Maternal behavior in rats is a highly motivated and well-organized social 

behavior. Most previous studies focused on the mechanisms of maternal behavior in early 

postpartum period, but little is known about maternal behavior in the late postpartum period or the 

dynamic changes across the postpartum. The present study will explore the central mechanisms of 

dopamine D2 receptor in maternal behavior during early and late postpartum period in rats. 

Methods Pregnant rats were implanted with guide cannulas into the NAs (Experiment 1), mPFC 

(Experiment 2) or VTA (Experiment 3) in the second week of gestation. Maternal behavior in the 

home cage and pup-male preference were tested at 10 and 60 min after a central infusion of VEH 

or quinpirole (QUIN, D2 receptor agonists) on early postpartum Day (PPD) 4 and 5 or late 

postpartum（PPD 14 and 15）. Results 1) Intra-NAs QUIN increased the nest-building behavior 

and decreased the pup preference during the early postpartum. During the late postpartum, intra-

NAs QUIN suppressed maternal behaviors and increased the male preference. 2) Intra- mPFC 

QUIN decreased the number of pups retrieved and increased the explore time without affecting the 

pup-male preference during the early postpartum. While during the late postpartum, QUIN 

decreased the nest-building and prolonged the latency of the first and last pup retrieval without 

affecting the pup-male preference. 3) Infusion of QUIN in VTA decreased the number of pups 

retrieved during the early postpartum. Conclusions D2 activation in VTA or NAs disrupts maternal 

behavior in the early or late postpartum, respectively; D2 activation in mPFC disrupts maternal 

behavior in the early to the late postpartum period, and this disruption is more pronounced in the 

early postpartum period. Future work will examine the neural circuit of how dopamine receptors 

affect maternal care. 

Keywords: Maternal Behavior, Dopamine D2, Postpartum Period, NAs, mPFC, VTA 
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Abstract: Objective Perinatal (prenatal or postpartum) stress is common in women, 

but its less known about  the effect of stress on maternal behavior and its mechanism. The present 

study is to explore the effects of perinatal stress on maternal behavior and the underlying central 

neurochemical mechanisms. Methods Experiment 1 explored the effects of prenatal restraint stress 

or social stress on maternal behavior. Rats experienced restraint stress for 45min (3 sessions/day) 

or social stress（placed in a cage with a strange early postpartum female rat for 1 hour) from 

gestation day (GD) 7 to 21, and the maternal behavior were tested on postpartum day 3 (PPD3). In 

experiment 2, a strange male rat as the social stressor was introduced into the cage of dam for two 

hours during five consecutive days from PPD3, and maternal behavior were tested on PPD10. In 

experiment 3, qPCR was used for the differences in neurotransmitters gene expression of DA D2, 

5-HT 2C and CRH from the social-stressed dam. In experiment 4, postpartum females were 

microinjected with either a 0.9% saline or DA D2 receptor antagonist (Raclopride, RAC, 5.0 or 

20.0 ug/side) into the nucleus accumbens shell（NAs）after social stressed on PPD10. Results (1) 

Prenatal stress disrupted major components of maternal behavior (e.g. pup licking). (2) Postpartum 

social-stressed decreased the duration of crouching and pup licking compared with the control 

group. (3) Postpartum social-stressed increased the expression of CRH in the hippocampus, 

hypothalamus and decreased the expression of D2 in the NAs in all attacked dam.(4) NAs at 20.0 

ug/side restored the destructed maternal behavior reduced by social stressed. Conclusions 

Postpartum stress disrupts maternal behavior in rats and this disruption is accompanied by an 
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abnormally elevated expression of the D2 receptor in NAs, inhibition of D2 receptor expression in 

the NAc can reverse the destruction of postpartum social stress on maternal behavior.   

Keywords: maternal behavior; perinatal stress; nucleus accumbens; dopamine D2 receptor 
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Abstract: Objective To explore further in spatial navigation and formation of cognitive map of 

mice. (1) As dopaminergic signal was found to participate in updating rules of a spatial task, it is 

still unknown the relationship between the dynamics of dopaminergic signal and pyramidal neuron 

firing when mice exploring in a new place or update. (2) Subtypes of pyramidal neurons like 

calbindin+/- groups receive different inputs from entorhinal cortex. To figure out their difference 

in functional roles, op-tagging is essential. (3) To investigate the interaction between mPFC and 

subregions of hippocampus, simultaneous multi-regional recording is necessary. Methods A 
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tetrode drive is customized with extensions. With optic fiber integrated, dopaminergic signal is 

simultaneously recorded by dopa sensor and photometry. Op-tagging is applied in help of 

transgenic mice. The drive is designed to implant tetrodes into different brain regions. Results 

dopaminergic signal is recorded simultaneously with neural firing in mPFC and hippocampus. 

Subtypes of neural firing single units can be separated. 

Keywords: tetrodes; drive; multi-regional; chronic recording; op-tagging; photometry 
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Abstract: Humans primarily rely on language to communicate, based on a shared understanding of 

the basic building blocks of communication: words. Do we mean the same things when we use the 

same words? While cognitive neural research on semantics has revealed the common principles of 

word meaning representation, the factors underlying the potential individual variations in word 

meanings are unknown. Here, we empirically characterized the inter-subject consistency of 90 
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words across 20 participants (10 females) using both behavioral (rating-based semantic relationship 

pattern) and neuroimaging (word-evoked brain activity pattern) measures. Across both the 

behavioral and neuroimaging experiments, we showed that the magnitude of individual 

disagreements on word meanings could be modeled based on how much language or sensory 

experience a word associates with, and this variation increases with word abstractness. Uncovering 

the cognitive and neural origins of word meaning disagreements across individuals has implications 

for potential mechanisms to modulate such disagreements.  

Key words: inter-subject consistency, word meaning, fMRI, language, sensory experience  
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Abstract: Within the core circadian clock mechanism, transcription control exerted by a small set 

of enhancers, is fundamental for timing function. While E-box and RRE regulation seems to be 

highly conserved throughout vertebrate evolution, the function of the D-box appears to have 

changed significantly. Specifically, the D-box enhancer appears to serve as as a clock-controlled 

element in mammals, whilst it also represents a directly light-driven enhancer in fish. However, 

our understanding of the function of the family of D-box-binding transcription factors in different 

vertebrate groups remains poorly understood. While the PAR bZIP transcription factors TEF, DBP 

and HLF have been studied extensively in mouse models, the role of E4BP4/NFIL3 transcriptional 

repressors remains unclear. Here we show that the zebrafish ortholog e4bp4-2b/nfil3-2b is 

rhythmically expressed in various zebrafish tissues and organs and is controlled by the circadian 

clock via E-box and RRE as well as being-light inducible via D-box in its promoter. In TALEN-

generated e4bp4-2b mutants and heat-shock inducible Tg(hsp70l:e4bp4-2b;CG) transgenic fish we 

reveal that the expression of the key circadian clock genes period2 (per2) and cryptochrome1aa 

(cry1aa) and the phase of locomotor rhythms is significantly altered. E4bp4-2b represses cry1aa 

and per2 transcription via binding to the D-boxes in these clock gene promoters and thereby 
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provides a feedback mechanism for the core circadian clock mechanism. Further, deep sequencing-

based transcriptome analysis reveals that loss of E4bp4-2b leads to de-regulation of many genes 

involved in lipid and nucleoside metabolism. Together, these findings point to significant 

complexity in the regulation and function of E4BP4/NFIL3 factors and imply that they may serve 

as integrators of environmental timing signals in the control of core cell functions.  

Keywords: circadian, clock, light, D-box, rhythmic, zebrafish 
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Abstract 

To understand the causal connectivity of neural networks and the relationships among neural 

activity patterns, brain functions, and behaviors, scientists need to detect neural electrical activity 

at different scales, ranging from individual neurons to neuronal assemblies. Because different brain 

areas or nuclei form a functionally and anatomically assembled neural circuit that can support 

various physiological and pathological functions, it is essential to record electrophysiological 

activities in multiple brain areas simultaneously. However, the existing neural  electrodes face 

urgent challenges for the long-term interrogation of multiple brain regions of free-moving mice. 

Therefore, a reliable and efficient fabrication strategy of multifunctional drivable neural electrode 

arrays is required to achieve high spatial resolution and long-term stable electrophysiological 

recordings in free-behaving mice. 

Here, we present a simplified method for the fabrication of a drivable microwire electrode array 

with a nested structure (MEANS) and investigate its application in free-moving mice. This drivable 

microwire electrode array is based on a three-layer nested structure, which has a typical weight of 

only 0.37 g and a size of approximately 15 mm × 15 mm × 4 mm. Benefiting from the small size, 

multiple drivable electrode arrays can be implanted into a mouse brain at the desired insertion 

angles to target different brain regions simultaneously, and each electrode array can be actuated 

independently in a limited operating space. To investigate the feasibility and advantages of the 

drivable microwire electrode arrays, we performed long-term electrophysiological recordings in 

vivo. We found stable signals for over two months (up to five months) that were obtained in the 

dorsal hippocampal CA3 (dCA3) of free-behaving mice, which shows great potential for our 

electrode to be applied in chronic studies. Furthermore, we demonstrated the fabrication of optic 

fiber-integrated drivable microwire electrode arrays for optogenetic stimulation and 

electrophysiological recordings in vivo. Notably, when mice entered the food zone or during the 

optogenetic stimulation of LS SOM+ neurons, we performed simultaneous recordings in the LS 

and LH, with MEANS inserted at 10° and 0°, and the results implied that the LSSOM+-LHGABA-

LHGlu/GABA circuits may participate in food-seeking behavior. Taken together, our drivable MEANS 

is ideal for stable chronic electrophysiology recording. Moreover, it can record the neuronal activity 

of two brain regions in behaving mice via two MEANS inserted at different angles,  as well as 

deliver optogenetic stimulation. 
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Abstract: Objective Stress-associated mood disorders occur in females more than twice as 

frequently as males. However, most preclinical research investigating stress effects was conducted 

with male subjects; research conducted with female subjects, even though not without, was rare. In 

previous research, high-level activation of the ventromedial hypothalamus in CD-1 mice and 

application of male CD-1 urine to C57BL/6J female intruders would attack female C57BL/6J mice. 

Unfortunately, these methods are tedious and time-consuming. In this research, we employed a new 

chronic non-discriminatory social defeat stress (CNSDS) paradigm that can result in comparable 

stress in both male and female rodents. When both male and female C57BL/6J mice are exposed to 

CNSDS, CD-1 male aggressors display mounting behaviors toward female intruders. Thus, chronic 

stress effects in CNSDS-induced female C57BL/6J mice will help advance the process of including 

female rodents in preclinical chronic stress research. The studies of female subjects to chronic 

social defeat stress will be essential for future research. Although the role of inflammation in the 

pathophysiology of depressive-like behavior has not been studied in CNSDS, neuroinflammation 

has been recognized as a trigger of cognitive impairments in major depression. More and more 

pieces of evidence indicate that the NLRP3 inflammasome is related to the onset and progression 

of numerous diseases of the CNS. However, whether the NLRP3 inflammasome is related to the 

learning and development of depression remains indeterminate. Therefore, this study is aimed to 

evaluate the NLRP3 inflammasome effect on depression and hippocampal neurogenesis via the 

CNSDS paradigm. Methods Immunohistochemistry and Western blot were used to analyze the 

expression of the NLRP3 inflammasome, NF-κB, and IL-1β. Behavioral tests such as the social 

interaction test (SIT), elevated plus maze (EPM) and sucrose preference test (SPT) were measured 

to evaluate the role of neuroinflammation in the limbic system of CNTRL and NLRP3 KO mice. 

Results (1) Female mice subjected to CD-1 male aggressors developed depressive-like behaviors 

including social avoidance, anhedonia, reduced body weight, and avoidance of open spaces. 

Meanwhile, NLRP3 KO mice behaved normally. (2) Knock out of NLRP3 inhibited the expressions 

of inflammatory factors, such as NF-κB, caspase-1, and IL-1β in the hippocampus of CNSDS mice. 

Conclusion (1) CNSDS is a relevant model to study stress responses in female mice. (2) The 

decrease of NLRP3 reduced neuroinflammation in the hippocampus and attenuated depressive-like 

behaviors of CNSDS mice. 

Keywords: chronic non-discriminatory social defeat stress; depressive-like behaviour; 

neuroinflammation; NLRP3; cognitive impairment 
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Abstract 

Objective: Saccadic eye movements may not stop steadily but fluctuate briefly, known as Saccadic 

Dynamic Overshoot (SDO). Several studies have demonstrated that saccadic accuracy relies highly 

on the function of lower oculomotor structures (saccadic generator) in the brainstem and cerebellum. 

The present study is to explore the role of human basal ganglia in SDO occurrence.  

Methods: We analyzed the SDO occurrence in Parkinson Disease patients (compared between 

medicine on and off) and age-matched healthy subjects, and they performed three oculomotor tasks, 

i.e., visually-guided step saccades, anti-saccades and memory-guided saccades. 

Results: (1) There is no significant difference between PD group and elderly healthy group in the 

frequency of SDO. (2) There is no significant difference between PD medicine on and PD medicine 

off in the frequency of SDO, even though the medicines improve the performance of tasks, e.g., 
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reducing saccadic reaction time, enlarging saccade amplitude. (3) There is no correlation between 

the frequency of SDO and UPDRS-III scores/H-Y stages (the progress of PD). 

Conclusion: The results indicate that the human basal ganglia do not directly develop SDO, which 

supports the previous argument that the oculomotor structures in brainstem and cerebellum are 

developer of SDO. 

Keywords: Saccadic Dynamic Overshoot   Parkinson Disease   Basal ganglia   Saccadic eye 

movement 
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Abstract: Adequately evaluate the feedback is fundamental for human’s survival and adaptive 

decision-making. Although the feedback’s assessment is stated to involve multiple aspects 

information, the temporal sequence of their processing is still uncertain. In this study, we adopted 

a reverse learning paradigm to explore whether there were different stages and what was the order 

of each stage related to different aspects of the feedback via two experiments. The Experiment 1 

investigated how the participants would find the rule based on the delivered outcome when multiple 

objects were required to learn at behavioral level; and the Experiment 2 used the EEG technique to 

investigate the neural dynamics underlying these behaviors. The same behavioral results of both 

experiments demonstrated that the participants could effectively adjust their behavior and learn the 

rule dependent on multiple aspects information of feedback. The ERP results observed a significant 

valence evaluation about feedback, as well as the effect of expectancy’s violation and violation’s 

magnitude; the multivariate pattern analysis (MVPA) of ERP results further proved the temporal 

order of feedback processing: the first stage was an early evaluation about outcome’s valence (120-

390ms); this stage was followed by an assessment of whether that outcome was deviated from 

prediction (200-400ms); at the same time, the evaluation of positive and negative valence was still 

continued, which then integrated the expectancy’s violation into deeper processing (160-570ms); 

finally, the magnitude of that violation was integrated with previous valence and deviation 

information (260-600ms) to form a comprehensive evaluation of the feedback. The current study 

advances our knowledge of the temporal dynamics of feedback-based learning. 

Keywords: adaptive learning, feedback-related negativity, prediction error, MVPA 
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Abstract: In the primate visual system, direction-selective (DS) neurons are critical for visual 

motion perception. While DS neurons in the dorsal visual pathway have been well characterized, 

the functional roles of DS neurons in other extrastriate visual areas are largely unexplored. Recent 

optical imaging studies in monkey have found that DS neurons in V2 tend to cluster and form 

functional domains. The connection patterns of these DS neurons, however, were unclear. Methods 

Intrinsic signal optical imaging (ISOI) was first performed to obtain functional maps  (direction 

map; orientation map; color map) in V2, after which one of three types of experiments were 

performed: 1) Anterograde tracers were injected into V2 DS domains and labeled axons were 

examined with in vivo fluorescent imaging 3 weeks after the injections. 2) Retrograde tracers were 

injected into different functional domains in V2 and labeled somas were examined with in vivo 

fluorescent imaging 3 weeks after the injections. 3) Single functional domains in V2 were 

stimulated electrically with a tungsten microelectrode, during which cortex responses around the 

stimulation sites were imaged with ISOI. Results 1) Three weeks after the anterograde tracer 

(AAV-EGFP) injection, labeled axons were preferentially observed in the neighboring DS domains, 

and fewer axons were observed in orientation or color domains. 2) The retrograde tracer (CTB-488) 

injected into V2 DS domains mainly labeled neurons in the neighboring DS domains. As a control, 

a retrograde tracer (CTB-555) injected into a V2 orientation domain mainly labeled neurons in the 

neighboring orientation domains. 3) Focal electrical stimulation of V2 DS domains preferentially 

evoked responses in the neighboring DS domains. Stimulation of color domains activated 

neighboring color domains. In summary, these three experiments obtained consistent findings 

showing that there exist selective connections among V2 motion-processing domains. Significance 

Pervious studies have shown anatomical connections among CO stripes in V2. For the first time, 

we demonstrated connection patterns among V2 functional modules. The preferential horizontal 

connections among V2 DS domains indicate more frequent within-module information exchanges 

than those across-modules, which is in agreement with the hypothesis of parallel-processing of 
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visual information. It has been shown that V2 DS neurons have strong RF surrounds, long-range 

horizontal connections may help to form their RF surround by integrating motion information in a 

wider visual field. These findings can help us to better understand the function of motion processing 

in V2. 

Keywords: functional connection, motion processing, optical imaging, direction map, primate 

visual cortex 
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Abstract: Objective Oxytocin plays important roles in the nervous system, including social and 

non-social functions. Although oxytocin release mechanisms include diffusion and local release 

from the soma and dendrites, axonal release of oxytocin neurons is likely to be critical for local 

precise spatiotemporal regulation in various target brain regions, especially long-range targets. 

Interestingly, the distribution of oxytocin receptors is different between virgin female,  lactating 

female and male mice, consistent with important regulation by sex and experience on oxytocin 

signaling. Methods Here, we use dual-color fluorescence micro-optical sectioning tomography 

(dfMOST) to image the axons of paraventricular hypothalamic nucleus (PVH) oxytocin neurons at 

high resolution and quantify its projections to multiple target regions of interest in virgin female, 

lactating female and male mice through virus-assisted anterograde tracing. Furthermore, to 

understand the complexity of individual oxytocin neuron projectomes, single-neuron axonal 3D 

reconstruction was performed on higher resolution data sets imaged using dfMOST. Results After 

manually outlining 34 brain regions, we quantified oxytocin fiber distribution at whole-brain level, 

but neither quantitative nor qualitative differences were observed among the three groups. PVH 

was divided into six subnuclei based on magno- and parvocellular oxytocin neurons, so we also 

located traced neurons at subnuclear level and reconstructed their somata to determine whether they 

are magnocellular or parvocellular oxytocin neurons. The results of the single cell projectome of 

oxytocin neurons suggest that their projections differ considerably from current understanding in 

several ways.  

Keywords: Whole-brain; dfMOST; PVH; oxytocin; projectome 
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Abstract: Objective Decreased adult hippocampal neurogenesis (AHN) has been widely studied 

for depression. 6-hydroxy-1, 2, 3, 7-Tetramethoxyxanthone (PJX), a xanthone monomer isolated 

from Polygala japonica, has a beneficial effect on AHN, however, its effect on depression is still 

unknown. The present study investigated whether PJX could regulate AHN to alleviate depression-

like behaviors in mice. Methods Immunohistochemistry experiments were applied to estimate the 

expression of BrdU and DCX. Open field, elevated plus maze, tail suspension, forced swimming 

and three-box social test were used to detect the effect of PJX on behavior and social cognition of 

depression-like mice. Results (1) PJX significantly increased hippocampal neurogenesis in 

depression-like mice. (2) PJX also reduced anxiety-like and depression-like behaviors in mice. 

Conclusion The present results suggest that PJX can exert an anti-depression effect on depression-

like mice by regulating adult hippocampal neurogenesis. 

Keywords: 6-hydroxy-1, 2, 3, 7-Tetramethoxyxanthone; adult hippocampal neurogenesis; 

depression 
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Abstract: Objective Risk decision-making (RDM) is a psychological process in which individual 

makes judgments and choices based on their own experience with known probabilities. There are 

some studies shown that the insular cortex (IC) may be involved in RDM, however, rare researches 

have been reported about the neuronal mechanism. Methods We design a new behavior paradigm 

of RDM, which allowed rat to choose one from the two options. It presented a decision of balance 

between the choice of large reward delivered with low probability and the choice of small reward 

delivered with 100% probability. Results (1) We recorded 462 neurons associated with risk 

selection in the AIC, of which 35 neurons (7.6%) increased their firing frequency before making 

risk choice. (2) The medial prefrontal cortex (mPFC) has abundant pathway projections with IC. 

We found that the firing activity of the neurons in the AIC significantly decreased when we 

stimulated the mPFC→AIC pathway by optogenetic method. Conclusion Our research suggests 

that AIC plays an irreplaceable function of controlling risk selection in RDM and mPFC 

participates in regulating RDM behavior by modulating the activity of IC neurons.  

Keyword: Risk decision-making; insular cortex; medial prefrontal cortex; multi-channel recording; 

optogenetic; rat 
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Abstract ： The frontoparietal control network (FPCN) plays a central role in tuning the 

connectivity between the brain networks to achieve integrated cognition. It is proposed that two 

subnetworks within FPCN separately regulate two antagonistic networks: FPCNa is connected to 

the default network (DN) and involved in the regulation of introspective processes, whereas FPCNb 

is connected to the dorsal attention network (DAN) and involved in the regulation of perceptual 

attention. However, the cooperation between the DN and DAN induced by distinct task demands 

has been neglected. Here, we address this gap in knowledge by proposing a network-level circuit 

under the regulation of two FPCN subnetworks. Through manipulating the degree of self-referential 

involvement in a working memory task, we characterized the dynamic cooperation among the DN, 

DAN, and the two FPCN subnetworks. The functional connectivity analysis showed enhanced 

couplings of a circuit from the DN to the FPCNa, then to the FPCNb, and finally to the DAN in 

high (vs. low) self-referential condition, and the coupling between the DN and DAN was not 

enhanced. The graph analysis revealed that high (vs. low) self-referential condition was 

accompanied by increased global and local efficiencies, and the increases were mainly driven by 

increased efficiency of FPCN nodes. Together, our findings extend prior observations and indicate 

that the coupling between the two FPCN subnetworks serves as a bridge between the DN and DAN, 

supporting the interaction between self-referential processing and working memory.  

Keywords: frontoparietal control network, default network, dorsal attention network, functional 

connectivity, self-reference, working memory 
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Abstract: Objective Parkinson's disease (PD) is a progressive neurodegenerative disease clinically 

characterized by dyskinesia, tremor, rigidity, abnormal gait，whereas 90% of patients with PD 

suffer from defects of the sense of smell before the appearance of the motor dysfunctions. However, 

the mechanism of olfactory disorder is still not clear. Methods We utilized olfaction based delayed 

paired association task in head-fixed mice. We focused on functional role of neural circuit using 

optogenetic techniques. In addition, we viewed the synaptic transmission by slice physiological 

recording and counted the cell number of targeted circuits. Results and Conclusion In our 

experiments, olfactory working memory impairments were found in the PD mice, and the work ing 

memory impairment appeared before motor dysfunctions. Furthermore, we also investigated the 

functional role of neural circuit for olfactory working memory in PD mice. Meanwhile, the 

excitatory post synaptic currents were decreased as a result of presynaptic release probability 

suppression in PD mice. However cell loss wasn’t found in working memory related circuit recently.  

These will provide a new idea of clinic diagnosis for PD. 
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Abstract: Estimating something’s value based on its visual features often invokes a series of eye 

movements that allow one to examine and collect relevant information. The eye movement pattern 

may reveal the covert process for computing the value. We designed a value-based decision making 

task, in which each option’s value was indicated by a group of three shapes. Each shape was 

associated with a certain amount of juice, and the monkeys were trained to choose the option with 

larger total rewards from the three shapes. The monkeys were allowed to move their eyes freely to 

look at the shapes for 1 second, during which their eye locations were recorded. The monkeys’ 

fixations were mostly on the shapes, and they looked at multiple shapes in most of the trials. The 

monkeys tended to look first at the shape with the highest value, and then at the shape with the 
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second-highest value. The shapes’ locations and their spatial configurations also affected the 

monkeys’ fixation choices. In addition, the shapes that the monkeys looked at strongly predicted 

the monkeys’ choice. Our finding suggests that the eye movement and information collection 

process for value computation is highly dependent on value, and there is a fast value comparison 

mechanism that precedes more sophisticated value-based decision making. 

Keywords: value; decision making; eye movements 
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Abstract: Objective Selfish behavior, which violates social equity norm, is pervasive and causes 

social conflicts. However, little is known about whether and how selfish behavior recruits control -

related brain areas. Methods We adopted tDCS (transcranial direct current stimulation) to 

temporarily modulate the excitation of right DLPFC (dorsolateral prefrontal cortex, the core region 

of cognitive control) and explore how this area influences selfish behavior. We let participants 

(n=62) evaluate their perceived fairness of allocation (including advantageous allocation and 
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disadvantageous allocation), based on social norm (the norm condition) or based on self interest 

(the interest condition), respectively. Results Then we found that excitatory stimulation over right 

DLPFC can make participants behave less selfishly for advantageous income in the interest 

condition, not in the norm condition. A follow-up experiment (n=61) showed that tDCS can reduce 

selfish behavior when they evaluate for themselves, not for their partner. Conclusion Our results 

demonstrated that right DLPFC can causally inhibit selfish behavior, when people are faced to 

interest for self, in which moral conflict is strong. It complements the moral brain hypothesis, and 

may help to improve our understanding of fairness and explore enhancement approach of equity 

behavior. 
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Abstract: To predict the future based on prior experience is an efficient strategy to process complex 

information, which is strongly supported by the responses induced by the unexpected omission of 

stimuli. Unfortunately, the relevant experimental evidence is contaminated by a passive adaptation 

effect that attenuates responses for preceding stimulus repetition. It is unclear whether illusory 

perceptions without bottom-up adaptation, such as the Zwicker tone illusion (ZT), can establish 

predictions. In this study, we found illusion-dependent omission responses, manifested as theta 

oscillations and mismatch negativity, even in the absence of attention. Crucially, the theta power 

at the left frontal areas in the active state was increased with the illusory expectation at a single-

trial level, and that in the passive state successfully predicted ZT illusions at an individual level. 

Our results reveal the automatic and independent prediction processes, which may be a new 

direction to objective evaluation of illusory perceptions. 

Keywords: Event-related potential; Zwicker tone illusion; perceptual prediction; mismatch negativity; 

theta oscillation 
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Abstract: Objective Existing research and review on the neural basis of creative thinking have 

pointed to inferior frontal gyrus involvement in multimodal creative cognition tasks. Despite the 

growing evidence suggests that bilateral IFG contributes to the originality of creative ideas during 

the generation phase and evaluation phase, it is not clear whether exists the differential functional 

role of the right and left IFG and how they involve creative idea generation.  Methods To this aim, 

we firstly conducted a task-fMRI experiment with an alternative using task, in which we compared 

brain activation between the right and left IFG during novel idea generation (Study 1). Next, we 

used high-definition transcranial direct current stimulation to modulate the activity of the right and 

the left IFG, and further examined the changing pattern of idea generation measured by serial order 

effect in multi-response alternative using task (Study 2). Results (1) Study 1 showed significantly 

greater activation in the left and right IFG during novel ideas generation and indicated the right 

IFG was more associated with high-quality originality ideas, whereas the left IFG was more 

associated with common-quality ideas. (2) Study 2 showed that anodal tDCS over the right IFG 

increased response time (RT) for outputting novel ideas, whereas anodal tDCS in the left IFG 

decreased RT for outputting novel ideas. Importantly, we found that the left IFG contributed to the 

creative processes by flexible semantic processing resulting in coming up with more novel ideas in 

the early stage, whereas the right IFG involved in original ideas by inhibiting prepotent semantic 

associations that leading to produce unique ideas in the later stage.  Conclusion The right and left 

IFG to contribute to the generation of creative new ideas through the slow and fast semantic 

retrieval processing, respectively.  

Keywords: creative thinking; inferior frontal gyrus; inhibition; flexible semantic processes; fast 

and slow creative processing 
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Abstract: Objective Recent studies have shown that, in addition to processing local visual features, 

V1 is intimately engaged in integration and segmentation of image components. These intermediate 

processes, which are crucial for object recognition, rely on complex interactions mediated by intra- 

and inter-areal connections. As yet the respective roles of these connections remain controversial 

and need to be dissected. To this end we examined the properties of V1 neurons in response to 

complex visual stimuli before and after the reversible inactivation of a higher area V4. Methods 

Macaque monkeys were trained to detect a global contour embedded in a complex background. An 

array of microelectrodes was implanted in V1 for chronic recordings. Area V4 was reversibly 

inactivated by cooling its surface temperature to ~ 4°C. Results (1) The monkeys’ performance on 

global contour detection was impaired, suggesting an important role of V4 in global form 

processing. (2) The responses of V1 neurons on the background stimuli significantly increased 

whereas the responses of neurons on the contour remained largely unaffected, implying an 

important role of the feedback influences from V4 to V1 in suppressing task-irrelevant background 

stimuli. (3) The coherence of spiking activities between V1 neurons was elevated, implicating 

another role of the feedback influences in promoting V1 neurons’ independence during image 

processing. Conclusion A major role of feedback connections in image grouping and segmentation 

is to strengthen background suppression in early visual cortex.  
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Abstract: Emotional stress is considered a severe pathogenetic factor of psychiatric disorders. 

However, the circuit mechanisms remain largely unclear. Using the newly designed three -chamber 

vicarious social defeat stress model in mice, we showed that chronic emotional stress (CES) 

induced anxiety-like behavior and transient social interaction changes. We targeted dopaminergic 

(DA) neurons of the ventral tegmental area (VTA) as a potential mechanism of this behavioral 

deficit. VTADA neuron hyperactivity induced by CES is involved in the anxiety-like behavior in the 

innate anxiogenic environment. Chemogenetic activation of VTADA neurons directly triggers 

anxiety-like behavior, while chemogenetic inhibition of these neurons promotes resilience to the 

CES-induced anxiety-like behavior. Moreover, using viral tracing, in vivo electrophysiology, fiber 

photometry, and chemogenetic and optogenetic techniques, we show that a GABAergic projection 

from the nucleus accumbens (NAc) to VTADA neurons bidirectionally modulates the anxiety-like 

facet of empathic behavior. Together, we propose that a NAc-VTA circuit critically establishes and 

regulates the CES-induced anxiety-like behavior. This study characterizes a preclinical model that 

is representative of the nuanced aspect of CES, and provides insight to the circuit-level neuronal 

processes that underlie empathic behaviors. 

Keywords: emotional stress; anxiety; VTA; neural circuit 
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Neuronal effect of low intensity ultrasound on cerebellar cortex 

in awake mice 

 

Abstract: low intensity ultrasound is a novel neuromodulation technique, yet its direct impact on 

neuronal activity remains controversial. Here we examined the influence of ultrasound on two 

neuronal cell types in head-fixed awake mice. Using two-photon calcium imaging, we found that 

ultrasound promoted calcium activity in Purkinje cells and granule cells. Dystonia-like behavior 

induced in Prrt2 deficient mice further confirmed the activation of granule cell activity. Together, 
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these findings provide evidence on ultrasound activates neuron directly and shed light on a 

promising tool for both research use and clinical translation. 

Back to top ↑ 

 

 

P-319 
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mitigates their Alzheimer’s-like behavioral and molecular 

phenotype 

 

Abstract: Alzheimer's disease (AD) is the most common form of dementia, and 30-70% of familial 

cases involve PSEN1 mutations, such as the PSEN1 p.G378E mutation reported in French, Japanese 

and Chinese families. Given the potential association between TYROBP deficiency and mitigation 

of Alzheimer’s-like symptoms in mouse models, we wanted to examine whether such deficiency 

might also alleviate disease associated with the PSEN1 p.G378E mutation. We crossed 

TYROBP−/− mice with PSEN1G378E/G378E mice and compared their Alzheimer’s-like 

phenotype with that of PSEN1G378E/G378E animals. TYROBP depletion mitigated learning 

defects and reduced levels of total and hyperphosphorylated Tau and pro-inflammatory cytokines 

IL-6 and IL-1β in hippocampus. It also reduced the ratio of phosphorylated Cdk5 to total Cdk5 as 

well as the numbers of microglia and astrocytes in hippocampus. Our results suggest that TYROBP 

may help promote neuroinflammation and Tau phosphorylation in AD, and its depletion may have 

therapeutic effects.  

Keywords: TYROBP; PSEN1 p.G378E mutation; Tau phosphorylation; neuroinflammation; 

microglia cells; astrocytes; IL-6; IL-1β; TNF-α 
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Abstract: Objective Previous electrophysiological studies in macaques have revealed that 

feedforward and feedback signals manifest in distinct frequency channels. However, it remains an 

open question whether similar mechanisms exist in the human brain. Methods In this study, we 

examined bidirectional connectivity between human striate (V1) and extrastriate (V2/V3) visual 
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became primarily suppressive if their RFs were distant. The correlation between the magnitude of 

this feedback modulation and the extent of RF overlapping was significant (Pearson r = 0.464, p = 

0.009). Conclusion Together, our study suggests that feedforward and feedback modulations in 

human early visual cortex operate in different frequency bands, and these cortico-cortical 

interactions may contribute to functional couplings (e.g., RFs) between neurons in visual 

processing. 

Keywords: cortico-cortical evoked potentials (CCEPs); intracranial brain stimulation; feedback; 

feedforward; visual cortex 
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Abstract: Objective The visual spatial information is encoded initially in retinotopic coordinate. 

However, we are able to make interaction with environment based on non-retinotopic coordinates, 
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such as head-centered and body-centered coordinates, which will not influenced by the 

displacement of eyes. Up to date, it is not fully understood that how visual signals are transferred 

from retinotopic to non-retinotopic coordinates. Previous studies have shown that the visual 

response of signal neuron in posterior parietal cortex is strongly modulated by eye position in orbits. 

We compare the spatial properties of single neuron’s visual receptive field (RF) across saccade to 

seek the possible neural mechanisms underlying transformation of visual spatial information from 

retinotopic to craniotopic coordinates. Methods We recorded extracellular neuronal activity from 

lateral intraparietal area (LIP) and frontal eye field (FEF) on three macaques when they were 

performing a visually guided delay saccade task, and mapped the RFs before (pre-saccadic RF) and 

after saccades (post-saccadic RF). Results (1) We found the RFs of a subset LIP (36.97%) and FEF 

(42.74%) neurons remains retinocentric across saccades, whereas the center of post-saccadic RF of 

other neurons showed various degrees of displacement comparing to the center of pre-saccadic RF 

in retinotopic coordinate. The size also changed significantly comparing pre- and post-saccadic 

RFs in 65.55% of LIP and 60.48% of FEF neurons. (2) Post-saccadic RF centers shifted toward 

pre-saccadic RFs. However, RF sizes did not show a consistent change between pre- and post-

saccadic RFs in population level. Conclusion Such results indicate a possible neural mechanism 

regarding the integration (transformation) of visual spatial information from ret inotopic to 

craniotopic coordinates across saccades. 
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Abstract: Resin embedding of bio-tissues has been widely used in optical and electronic 

microscopy to achieve the ultra-thin sectioning for acquiring fine structural information. With the 

transgenic techniques and viral tracing development, we can specifically label the different tissues 

components of the nervous system with specific fluorescent protein and probes. However, the resin 

embedding process is complex, including alcohol dehydration, resin penetration and 

polymerization, which make it difficult to preserve fluorescence especially for large-volume 

samples. The current method is mainly used for the single fluorescent protein such as GFP and not 

used for fluorescein.  

In order to simultaneous maintain multi information with fluorescent probes in resin embedding 

samples, we identified the main factors that influence the fluorescent dyes and modifies the whole 

processes. After resin embedding, the fine structure, the fluorescent proteins and the fluorescent 

dyes were retained well simultaneously, while the autofluorescence was reduced. Then the signal 

to noise ration of the multicolor fluorescent signal increased. In the future, combined with 

fluorescence Micro-Optical sectioning tomography (fMOST), we can acquire precise information 

of multi structure during whole brain imaging. In general, this method may greatly facilitate the 

understanding of the structure and function of the brain, also is a powerful tool in other fields.  

Keywords: resin embedding, fluorescent protein, fluorescent dye, preservation of fluorescence, 

whole brain 
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Abstract: Resin embedding is widely used to produce continuous and stable ultrathin sections of 

nanometer thickness for electron microscopy and light microscopy to obtain detailed structure 

information on biological tissue and it is a well-established method widely used in mice and smaller 

samples. However, few study has applied it to tens of cubic centimeters of fluorescence samples 

due to polymerization cracking and poor fluorescence retention. In order to obtain mesoscopic 

neural connection information in non-human primate brains, we selected LR-White resin as an 

embedding agent. Here we solve the polymerization problem by adding a reterdar AMS (α-

methylstyrene) to slow the polymerization rate, and increase the fluorescence retention of the green 

and red fluorescent proteins by lowering the polymerization temperature and adding EDTA to the 

activated solution, we increased the fluorescence preservation rate for green fluorescent protein 

(GFP) from 73 ± 4.0% to 126 ± 3.0% and tdTomato from 60 ±3.3% to 117 ± 2.8%. Moreover, we 

demonstrated structures of an entire hemisphere of the macaque brain at single-cell resolution, and 

detected many more fine structures such as nerve fibers in the resin-embedded with fluorescently 

labeled macaque brain. The method was compatible with a variety of fluorescent proteins, 

combined with viral tracer technology, which was promising for obtaining fine neural loop 

connection information in the brain throughout the whole non-human primate brain. 
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Abstract：It is a well-known phenomenon that humans’ sensitivity to luminance decrement is 

better than luminance increment. Visual salience of black targets is better than white targets. 

Previous studies on anesthetized cats demonstrated that the phenomenon originated pre-cortically, 

whereas studies on anesthetized monkeys considered that the cortex processing played a more 

important role. Since the difference between species and cognitive state, it is defective to link 

human behaviors to neuronal responses of different anesthetized animals. In the present work, we 

simultaneously measured population responses across layers of the primary visual cortex (V1) in 

awake monkeys to square targets, and found black-dominant phenomenon in neuronal response 

comparable with humans’ behaviors. The dominance of neuronal response to black squares existed 

in the input layer of V1 and increased in the output layer. Further analysis of neural dynamics 

suggests that such substantial changes for neural responses are mainly due to a long-range cortical 

inhibition generated within V1’s output layers, which is stronger and more extensive under white 

targets. Our results show that, besides the contribution of per-cortical neuronal signal, the dominant 

visual salience of black targets is further strengthened by cortical inhibition.  
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Abstract: Objective Zona Incerta (ZI), a largely inhibitory nucleus in the lateral hypothalamus, is 

connected with many brain areas. It is involved various functions such as eating, hunting, sleeping, 

and defensive behaviors. ZI is generally divided into different sectors with significant differences 

in neuron distribution, input–output connectivity and functions. As the main neuron types in this 

brain region, GABAergic neurons play important roles in the information modulation , while the 

research on ZI functions mainly focuses on GABAergic neurons. However, the long-range input-

output connectivity of GABAergic neurons in mouse ZI still remains unclear. Methods Here, we 

divided ZI into rostra, media, cauda Zona Incerta part (ZIr, ZIm and ZIc) along the rostro-caudal 

axis, and further divided ZIm into two subregions, medial and lateral part (ZImm and ZIml). We 

employed Cre dependent monosynaptic rabies virus and vGat-Cre line mice to characterize afferent 

connections onto GABAergic neurons in ZI, and adeno-associated viral tracings to label 
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GABAergic efferent axons. Results We provided a whole-brain connectivity map of GABAergic 

neurons in the Zona Incerta, which illustrated that the connectivity between the ZI and midbrain is 

highly bidirectional. Compared with ZIml and ZIc, ZIr as well as ZImm have more powerful 

connections with other hypothalamus regions, while the ZIr and ZImm exhibited resembling 

afferent patterns, ZIml and ZIc had similar afferent patterns too. Conclusion ZI GABAergic 

neurons had a wide range of input–output connectivity, but each subregion has unique connectivity 

characteristics. 

Keywords:  Zona Incerta, GABAergic neurons, input-output connections 
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Abstract：Objective Recent fMRI studies have revealed robust functional networks in resting 

brains. Due to the spatial resolution limitation of the imaging technique, resting state functional 

connectivity (RSFC) mainly contains large-scale inter-areal connections. In resting cats and 

monkeys, sub-millimeter-scale functional maps (e.g. orientation and ocular dominance maps) have 

been obtained in V1 with voltage sensitive dye imaging. However, whether such spontaneous 

functional maps can be observed in slow hemodynamic signals is unknown. It is also unclear 

whether these spontaneous functional networks synchronize across different cortical areas. 

Methods Spontaneous hemodynamic signals were imaged with intrinsic signal optical imaging 

(ISOI) from multiple visual areas (V1, V2 and, in some cases V4) in anesthetized monkeys. 

Spontaneous imaging was conducted without visual stimulation and lasted for 0.5-1 hours. 

Following the spontaneous imaging, visual responses to various types of visual stimulation were 

also imaged from the same regions. Spatial and temporal features in the spontaneous responses 

were evaluated with both pixel-averaging and ICA methods. Results (1) (1) In all 3 visual areas 

examined, patterns resembling functional maps were obtained from spontaneous images. (2) In 

each area, different types of maps (e.g. ocular dominance, orientation and color maps in V1) can 
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be obtained. (3) V1 and V2 orientation domains with similar preferred orientations exhibited 

synchronized spontaneous activity. In contrast, V4 orientation domains did not have a consistent 

temporal relationship with those in V1 and V2. Conclusion Slow ongoing hemodynamic signals 

contain fine-scale network connectivity information in macaque visual areas. 

Keywords: spontaneous functional maps; hemodynamic signals; optical imaging; visual cortex; 

anesthetized 
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Abstract: Objective: Fixational eye movements are assumed to be linked to visual perception. 

However, an increasing number of studies show dissociations between human perception and eye 

movements. Here we examined whether involuntary fixational eye movements, including 

microsaccades and intersaccadic drift, behave consistently with our perception when human and 

monkeys watch visual stimuli that elicit either coherent motion perception or incoherent motion 

perception. Method: We recorded eye movements of human and monkeys in a fixation task while 

showing them three different motion patterns: pattern 1 is a diamond frame (8 degree for size, 0.5 
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degree for line width) rotating around a fixation point; pattern 2 is the same rotating frame with its 

corners covered by four black static occluders (0.1 cd/m2 for luminance, 4 degree for each occluder 

size); pattern 3 is a rotating frame also same as pattern 1 with its corners covered by four static 

occluders whose luminance are the same as background luminance (37.9 cd/m2). Results: (1) All 

human participants perceived motion pattern 1 and 2 as coherent motion, and perceived pattern 3 

as incoherent motion (four line segments moving in two orthogonal trajectories). (2) However, 

under all three conditions, participants showed similar circular traces of fixational eye movements 

which were consistent with circular trajectories of global motion. (3) Similar to human participants, 

4 monkeys showed circular eye movement traces for all three motion patterns. (4) Furthermore, we 

found both directions of microsaccades and drift velocity showed periodic circular patterns 

consistent with global motion under three conditions. Conclusion: Our findings suggest that both 

microsaccades and drift in fixational eye movements reflect motion information in a global manner 

without awareness, which leads to a dissociation between fixational eye movements and perception 

in a motion-integration perspective. 

Keywords: eye movement, motion binding, microsaccade. 
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Investigating neuronal circuit change during retrieval-dependent 

memory consolidation  

 

Yang Bai*, Erez Geron* and Wen-Biao Gan 

 

Abstract: Retrieval-dependent processing of a new memory improves its long-term retention. To 

study neuronal mechanisms that mediate the effects of early retrieval on memory storage, we used 

a modified fear conditioning paradigm, in which the presentation of a reminder tone shortly after 

tone-shock pairing improved long-term memory retention.  
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Optogenetically inhibiting the neuronal activity during the retrieval process in the motor cortex 

block the reminder-induced increase of freezing behavior, suggesting that motor cortex is required 

for the reminder-dependent increase of freezing response. 

To investigate circuit mechanisms underlying this reminder-dependent fear memory enhancement, 

we used two-photon calcium imaging to examine neuronal activity in the primary motor cortex. We 

found that reminders induced a substantial increase in the activity in apical dendrites of layer 5 

pyramidal neurons. The soma activity of layer 5 pyramidal neurons displayed no increased response 

to the tone during reminders. In addition, dendritic-targeting interneurons (L5 SST+, L1 NDNF+) 

displayed lower activities during reminders., suggesting that reduction of dendritic targeting 

inhibitory neurons is involved in the increased dendritic activity. The somatic-targeting 

interneurons (L5 PV+) activity was high during reminders and likely involved in suppressing 

somatic activity of layer 5 pyramidal neurons. Norepinephrine has been suggested to be involved 

in reminder-dependent behavioral changes. We found no increase of axonal activity and 

norepinephrine release from the locus coeruleus in the motor cortex. We are currently investigating 

the effect of norepinephrine release in amygdala, which in turn regulates motor cortex activity.        

Key words: fear conditioning, retrieval, memory consolidation, neuronal activity 
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Abstract: The neural substrates of anxiety are poorly understood, which largely impedes the 

treatment of anxiety disorders. We found that the expression of endogenous GHS-R1a and c-Fos in 

the ventromedial hypothalamic nucleus (VMH) was upregulated significantly after chronic repeated 

constraint stress (RCS). In addition, virus-mediated overexpression of GHS-R1a in αCaMKII+ 

VMH neurons reduced firing, meanwhile promoted anxiety-related behaviors both at baseline state 

and after RCS exposure. Supportively, we found that epigenetic activation of αCaMKII+ neurons 

in the VMH attenuated anxiety-related behaviors, meanwhile promoted defensive-related behavior. 

Consistently, GHS-R1a deficiency in VMH reduced basal anxiety and protected mice from RCS-

induced anxiety deficit. Our findings thus suggest that GHS-R1a signaling in VMH plays a key role 

in shaping anxiety-related behaviors by tuning excitability of αCaMKII+ neurons. Targeting 

elevated GHS-R1a expression/activity may be a potential strategy to cope with stress-induced 

anxiety disorders, such as PTSD. 

Keywords: VMH; αCaMKII+; GHS-R1a 
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DLS GABAergic neurons (Vgat+) impairs motor learning 

 

Abstract: Accumulative evidence has revealed that altered DNA methylation in neurons 

dynamically modulates synaptic plasticity and are required for multiple forms of episodic memory. 

However, the effect of altered DNA methylation on motor or skill learning is largely unknown. By 

using Cre/loxp genetic mice models, we found that selective deletion of DNMT3a and DNMT1 

expression in Dlx5/6+ GABAergic neurons impairs motor learning. The dorsolateral striatum (DLS) 

is essential for motor and procedure learning. Consistently, we found that virus-mediated ablation 



September 16-19, 2021 Chongqing 

of DNMT3a and DNMT1 expression in DLS GABAergic neurons (Vgat+) also impairs motor 

learning as tested by a rotarod task. All these findings suggest that DNA methylation in DLS 

GABAergic neurons modulates motor learning. Next, we plan to combine behavioral test and fiber 

photometry recording to dissect cellular mechanism underlying motor learning deficit caused by 

DNMT3a and DNMT1 deletion in the DLS. Meanwhile, whole genome bisulfite sequencing, RNA-

seq and qRT-PCR analysis will be used to identify dysregulated expression of transcripts associated 

with synaptic dysfunction in DLS and motor learning deficit in conditional DNMT3a and DNMT1 

abalation mice.  
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Abstract Objective To investigate emotional and behaviour problems and dietary behaviour 

problems in preschool children with autism spectrum disorders (ASD) and explore the relationship 

between them. Methods Emotional and behaviour problems and dietary behaviour problems of 150 

preschool ASD children were evaluated by parent edition of Strengths and Difficulties 

Questionnaire (SDQ) and Preschoolers, Eating Behaviour Questionnaire (PEBQ) . The relationship 

between them was evaluated by Logistic regression analysis. Results The rate of common 

emotional and behaviour problems in preschool ASD children was as follows：social behavior 
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problems (93.3%), hyperactivity (92.7%), peer interaction problems (31.3%). The rate of common 

dietary behaviour problems was as follows: lack of the active eating ability (83.3%), picky eating 

(57.3%), extrinsic eating (42.0%). Emotional and behaviour problems in preschooler ASD children 

are related to gender, parental education, and family income.Dietary behaviour problems in 

preschool ASD children are related to gender, age, primary dependency, whether the only child, 

and parental degree. Conduct problems were risk factors for food response problems (OR=3.48, 

95%CI=1.04-11.63) and emotional eating (OR=6.11, 95%CI=1.56-23.86). Peer interaction 

problems (OR=3.40, 95%CI =1.51-7.69) and social behaviour problems (OR=10.98, 95%CI=1.26-

95.39) were risk factors for picky eating. hyperactivity was a risk factor for picky eating (OR=4.61, 

95%CI=1.02-20.88) and lack of the active eating ability(OR=6.92, 95%CI=1.18-40.49). 

Conclusions Emotional and behaviour problems and dietary behaviour problems of preschool ASD 

children are relatively serious. Emotional and behaviour problems are associated with picky eating, 

lack of the active eating ability, food response problems and emotional eating in preschool ASD 

children. 

Keywords: Autism spectrum disorders; Children，preschool; Emotional and behaviour problems; 

Eating behaviors 

 

Back to top ↑ 

 

 

P-332 

Core-symptom Defined Cortical Gyrification Differences in 

Autism Spectrum Disorder 

 

Mingmin Ning1, Anyun Wang1, ZhiChen Liu1, Jingyi Fan1* 

 

1 Department of Pediatrics, Zhongnan Hospital of Wuhan University, Wuhan, China. 

* Correspondence 

jfan@whu.edu.cn 

mailto:jfan@whu.edu.cn


September 16-19, 2021 Chongqing 

 

Abstract: Autism spectrum disorder (ASD) is a heterogeneous disease that is characterized by 

abnormalities in social communication and interaction as well as repetitive behaviors and restricted 

interests. Structural brain imaging has identified significant cortical folding alterations in ASD, 

however, relatively less known is whether the core symptoms are related to neuroanatomical 

differences. In this study, we aimed to explore core-symptom anchored gyrification alterations and 

their developmental trajectories in ASD. Methods We measured cortical vertex-wise gyrification 

index (GI) in 321 patients with ASD (aged 7-39 years) and 350 typically developing (TD) subjects 

(aged 6-33 years) across 8 sites from the Autism Brain Imaging Data Exchange I (ABIDE I) 

repository, and a longitudinal sample (14 ASD and 7 TD, age 9-14 years in baseline and 12-18 

years in follow-up) from ABIDE II. According to the sub-scores of the Autism Diagnostic 

Interview-Revised (ADI-R) scale, we identified core-symptom specific alterations in the RSI, CA, 

and RRSB subgroups. Independent two-sample t-tests and linear mixed models (LMM) were 

performed to test the inter-group differences and trajectories of gyrification in CAT12. Meanwhile, 

we employed a longitudinal dataset to reveal the gyrification developmental trajectories of ASD 

and TD with paired t-tests in CAT12. Furthermore, to ensure our results of vertex-wise comparisons 

are robust, we conducted region of interest (ROI)-wise analysis within the Desikan-Killiany 40 

atlas parcellation with linear mixed models with site as a random factor in SPSS 20.0.  Results (1) 

Compared with TD, the general ASD patients exhibited a mixed pattern of both hypo- and hyper- 

and different developmental trajectories of gyrification. (2) We identified core-symptom specific 

alterations in the RSI, CA, and RRSB subgroups. (3) We also showed atypical gyrification patterns 

and developmental trajectories in the subgroups. (4) Furthermore, we conducted a meta-analysis to 

locate the core-symptom anchored brain regions (circuits). Conclusion Cortical folding pattern 

encodes changes in symptom dimensions, which promotes the understanding of neuroanatomical 

basis, and clinical utility in ASD. 

Keywords: Cortical folding; autism; brain development; language; metanalysis 
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Abstract：Previous studies have reported that ghrelin and its functional receptor GHS-R1a 

regulates anxiety-related behavior, but the mechanism is uncertain yet We found that GHS-R1a 

expression was up-regulated in the medial prefrontal cortex (mPFC) after chronic repeated 

constraint stress（RCS）, suggesting that GHS-R1a signaling in mPFC may be closely associated 

with anxiety related behaviors. To confirm this, we manipulated GHS-R1a expression in the mPFC 

by genetic ablation of GHS-R1a expression (Ghsr1a KO mice), virus-mediated GHS-R1a 

overexpression or interference in the prelimbic (PrL) region of the mPFC. We found that 

overexpressing GHS-R1a in PrL αCaMKII+ neurons exacerbated anxiety-related behavioral deficit 

induced by RCS exposure, while GHS-R1a deficiency protected mice against RCS-induced 

behavioral dysfunction. Consistently, we also found that interference with endogenous GHS-R1a 

expression by RNAi in the PrL alleviated anxiety-related behavior both at basal state and after RCS 

exposure. To explore the cellular mechanism, we measured synaptic activity of layer 2/3 pyramidal 

neurons in the PrL by whole-cell patch clamp recording. GHS-R1a-deficient neurons displayed 

enhanced excitatory postsynaptic currents and decreased inhibitory postsynaptic currents; In 

contrast, GHS-R1a-overexpressed neurons showed enhanced inhibitory postsynaptic currents while 

decreased excitatory postsynaptic currents. Our findings thus indicated that elevated GHS-R1a 

causedexcitation and inhibition (E/I) imbalance in mPFC pyramidal neurons, which may contribute 

to RCS-induced anxiety deficit. Therefore, we concluded that stress-induced GHS-R1a elevation 
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in the mPFC is anxiogenic. Our finding support that mPFC is an important node in neural circuit 

of anxiety, where GHS-R1a signaling plays an important role in shaping anxiety-related behaviors. 

Keywords: GHS-R1a；mPFC；αCaMKII+；anxiety 
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Abstract: Objective To investigate whether postoperative delirium (POD) is associated with 

insufficient brain cognitive compensation in glioma patients.  Methods We first conducted a 

secondary analysis of 335 adult glioma patients in a previous cohort study. POD occurrence was 

assessed during the first three postoperative days using the Confusion Assessment Method for the 

Intensive Care Unit (CAM-ICU). We performed a multivariate analysis to examine the potential 

link between tumor grade and POD. We then analyzed 16 patients with left frontal lobe glioma who 

had presurgical structural and functional magnetic resonance imaging (MRI) data. We measured 

gray matter volume (GMV) and functional connectivity (FC) in patients with (n=4) and without 

(n=12) POD and healthy controls (HC, n=180) to detect the correlation between the structural and 

functional compensation and POD. Results POD occurred in 125 (37.3 %) participants. 

Multivariate logistic regression revealed that high-grade glioma had six times the odds [6.005 

(2.320-15.546)] of experiencing POD. Neuroimaging data showed that compared with HC group, 

the patients with glioma in left frontal lobe showed the significantly increased GMV of right dorsal 

lateral prefrontal cortex (DLPFC) in non-POD group and decreased GMV of right DLPFC in POD 

group. Meanwhile, POD group exhibited significantly decreased FC from right DLPFC to bilateral 

inferior frontal sulcus, while the non-POD showed the FC with increasing tendency. Partial 

correlation analysis showed that the GMV and FC in the contralesional DLPFC were negatively 

correlated with POD. Conclusion Our study raises the possibility that insufficient brain 

compensation might be a potential mechanism of POD. 

Keywords: Postoperative delirium; Neuroplasticity; Frontal lobe glioma; Structural and functional 

MRI; Conceptual model 
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Abstract: Objective The most important feature of brain aging is cognitive impairment, and the 

mechanism is complex and unclear. More and more studies have shown that gut microbiome and 

metabolome play an important role in the body function and the occurrence and development of 

diseases by changing the internal environment. Although it has been reported that the intestinal 

microbes and metabolome change during organ aging, there is no research on the effect and 

mechanism of cognitive decline in brain aging. This study aims to observe the changes of intest inal 

flora and metabolites related to the cognitive decline of brain aging in rats, and to analyze the 

possible mechanism of intestinal microbes and metabolomes affecting the cognitive decline of brain 

aging. Methods Using an animal model of normal aged rats and young rats with bi-directional fecal 

microbiome transplantion, the cognitive function of rats was tested by operating conditioned reflex, 

16SrRNA gene sequencing was used to detect intestinal microbes, and non-targeted metabonomics 

technology was used to detect the changes of metabolites in the hippocampus, medial prefrontal 

lobe, serum and cecum content, so as to observe the changes in intestinal bacteria and metabolites 

related to cognitive decline in brain aging in rats, and analyze their interrelated effects. Results (1) 

Cognitive behavior observation: Compared with the control group, which is the young rats 

transplanted with the feces of the young donor rats (Y-Y group), the young rats transplanted with 

feces of the old donor rats (A-Y group) had reduced the correct rate of pressing the rod, and the 

performance was worse when the delay interval was longer, indicating that the cognitive function 

of the young rats receiving the feces of the old mice was significantly reduced. Compared with the 

control group, which is the old rats transplanted with the feces of the old donor rats(A-A group), 

the old rats transplanted with the feces of the young donor rats (Y-A group) had increased the 

correct rate of pressing rods, and the performance was better when the delay interval was longer, 

indicating that the cognitive function of the old mice that received the feces of the young mice was 

improved.(2) Intestinal microbial gene detection: The old rats transplanted with the feces of the 
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young donor rats (Y-A group) had higher intestinal flora diversity than the control group (A-A 

group), and the composition of the intestinal flora was significantly different.(3) Multi -site 

metabolomics analysis: Compared with the Y-Y group, the A-Y group had significant differences 

in the phosphate esters and alkaloids produced by the intestinal flora in each part of the 

hippocampus, medial prefrontal lobe, serum, and cecal contents; Compared with the A-A group, 

the fatty acids and vitamins produced by the intestinal flora in different parts of the Y-A group 

were significantly different. Conclusion In the process of cognitive decline in brain aging in rats, 

the intestinal flora and its metabolites have undergone significant changes. The intestinal flora may 

participate in the mechanism of the cognitive decline of brain aging by affecting the metabolism of 

phosphoesters and fatty acids.  

Keywords: brain aging; cognitive function; gut microbiome; metabolome; interaction 
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Abstract: Objective Aging is an inevitable and natural biological process, but individuals age at 

different rates. Some individuals show aging associated cognitive decline as increasing age, while 

other individuals maintain good health and cognition. However, the mechanism is not clear. 

Methods Cognitive function of the aged rats was measured by attention-shift task, to discriminate 

between Aged-unimpaired (AU) and aged-impaired (AI) rats. Gut microbiota of AU and AI rats 

was detected by 16S rRNA gene sequencing. Circulating Treg cells were detected by flow 

cytometry. Results Compared with cognitively impaired aged (AI) rats, gut microbiota of 

cognitively unimpaired aged (AU) rats was significantly different, and the Bacteroides level was 

higher significantly in AU rats. Compared with AI rats, the number of Treg cells increased in AU 

rats. Conclusion Gut microbiota, especially Bacteroides, may inhibit aging associated cognitive 

decline by upregulation of Treg cells to inhibit systemic inflammatory responses. 

Keywords: Aging associated cognitive decline; Gut microbiota; Treg cells; Bacteroides 
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Abstract: Objective Pain and depression comorbidity is frequently encountered clinically. It has 

been a tough problem regarding clinical therapy (weak drug sensitivity) due to poor understanding 

of its pathogenesis. The lateral habenula (LHb) is located in the medial thalamus which is proved 

to be relevant with depression, pain and pain-depression comorbidity. A recent research showed 

that LHb was also involved in itch regulation. The thalamic reticular nucleus (TRN) is a 

GABAergic nucleus that constrains information flow through thalamocortical loop by providing 

inhibitory innervation to the thalamus. In this study, we will explore whether there is a TRN→LHb 

circuit which possibly plays a role in pain-depression comorbidity and itch modulation. Methods 

Structural connections between neurons were analyzed with virus tracing. Optogenetics and 

chemogenetics were used to explore the functional role of TRN→LHb circuitry. Result (1) The 

somatostatin-expressing inhibitory neurons in sensory thalamic reticular nucleus project to 

glutamatergic neurons in the LHb. (2) Activating the SomsTRN→GluLHb circuit alleviates 

depressive-like behavior but not pain in mice exposed to chronic restraint stress. (3) Activating the 

SomsTRN→GluLHb circuit relieves itch that induced by histamine or chloroquine. Conclusion The 

SomsTRN→GluLHb circuit controls pain-depression comorbidity and itch. 

Key words: pain-depression comorbidity; itch; the lateral habenula; thalamic reticular nucleus; 

optogenetics; chemogenetics; GABAergic neurons; glutamatergic neurons 
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Abstract: Accumulated evidence has demonstrated that chronic stress plays a critical role in the 

occurrence and development of various kinds of disorders. However, not all individuals 

experiencing chronic stress would respond similarly. Recent findings in rodents have indicated that 

in social species, the individual’s rank in the social hierarchy may be a key factor affecting its 

responses to chronic stress. In the present study, we aimed to study whether the influence of social 

hierarchy on chronic stress response in macaques. Two groups of adult female monkeys were used. 

After experienced chronic stress, animals’ social ranks remained unchanged. Cortisol levels in hair 

samples increased unsurprisingly and lasted even in four weeks of normal life. Importantly, these 

changes were significantly correlated with the social rank: the higher the social rank, the more the 

hair cortisol level increased. Moreover, oxytocin levels in plasma samples significantly increased. 

Interestingly, the increase of oxytocin levels was negatively correlated with the social rank: the 

higher the social rank, the less the plasma oxytocin level increased. Our results indicate that when 

coming across the same external stress, the dominant individuals may be affected by chronic stress 

more than subordinate individuals, which suggests that dominance may come with its relevant costs. 

Moreover, such phenomena may be explained by changes in oxytocin levels.  

Keywords: Chronic stress, social rank, oxytocin, cortisol, monkey 
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Abstract: Obiective Acute fasting can lead to the excited delirium syndrome (EXDS) and its 

pathogenesis remains unclear. The gut microbiota regulate the functions of the CNS through the 

microbial-gut-brain axis, and fasting can changes the abundance and composition of gut microbiota. 

Exosome can transmits signal substances to recipient cells and changes its biological response. The 

purpose of this study is to investigate the role of gut microbiota-derived exosomes to regulate the 

inflammation in the CNS. Methods Mice were divided into four groups: control, 8h fasting, 16h 

fasting and 24h fasting. The pathological features of brain tissues were evaluated by HE stain, IHC 

and IF. Western blot and qPCR were used to assess protein expression of Iba-1 and the level of 

inflammatory factors. 16S rRNA and metagenomics were used to analyze the composition of gut 

microbiota. TEM and NTA were used to determine the lactobacillus-derived exosomes, then added 

it to the primary microgliacyte (MG). The expression of CD16 and CD206 were detected by 

Western-blot. Results After acute fasting, MG was significantly activated in the hippocampus and 

cortex, the expression of Iba-1, TNF-α, IL-1β and IL-6 were up-regulated, IL-10 significantly 

reduce. The abundance of Lactobacillus in intestinal tract decreased significantly after fasting for 

16h and 24h. Lactobacillus conditioned medium can inhibit the original generation of MG to M1 

differentiation, however the overspeed centrifugal except to secrete body conditioned medium was 

lost these functions. Conclusion Acute fasting can lead to the disturbance of gut microbiota, 

resulting in a significant decrease in the proportion of lactobacillus and change the number and 

composition of its exosomes, which cannot inhibit the differentiation of MG to M2 in the CNS, 

inducing inflammation and leading to the occurrence of EXDS. 

Keywords: Microbe-gut-brain axis; Exosome; Microgliacyte 
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Acute stress alters the spontaneous brain activity  
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Abstract: Objective Stress is a common phenomenon in daily life that often occurs in the social 

context and it has been extensively studied as a factor contributing to the vulnerability for many 

different diseases. Previous studies have examined that acute stress can alter the way our brain 

functions, but it remains unclear how stress induction leads to changes of spontaneous brain activity 

and how those changes may be linked to central stress-response systems, the major of which is the 

hypothalamic pituitary adrenal (HPA) axis. Methods In the current study, two resting-state scans 

of forty-eight healthy participants were collected before and after the Montreal Imaging Stress Test 

(MIST) paradigm and their saliva samples were collected for assessment of the stress hormone 

cortisol. Results Amplitude of low-frequency fluctuations (ALFF) was processed to compare 

resting-state function before and after stress induction. Decreased ALFF values in the bilateral 

hippocampus, insula and precuneus were observed after MIST, and the values of right hippocampus 

significantly correlated with the cortisol area under the curve increase (AUCi). Increased ALFF 

values in the bilateral middle frontal gyrus (MFG), superior frontal gyrus (SFG) and thalamus were 

also observed, and the values of right SFG significantly anti-correlated with the AUCi and the area 

under the curve with respect to ground (AUCg). Conclusion These results suggested that acute 

stress can alter our spontaneous brain activity. 

 



The 14th Annual Meeting of Chinese Neuroscience Society 

Keywords: Resting state; Amplitude of low-frequency fluctuation (ALFF); Montreal Imaging 

Stress Test; Spontaneous brain activity 

 

Back to top ↑ 

 

 

P-341 
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Abstract: Objective The ability to identify strange conspecifics in societies is supported by social 

memory, which is vital for gregarious animals and humans. The medial prefrontal cortex (mPFC) 

and its circuits are essential for social memory. The anterior piriform cortex (aPC), a region 

important for olfactory learning and encoding of olfactory information, receives extensive inputs 

from the mPFC. However, it remains unclear whether the aPC is required for social memory. Here, 

we show that aPC pyramidal neurons and the mPFC-aPC projection play an important role in social 

memory. Methods Fiber photometry recordings and c-fos staining were used to detect the neural 

activity during social behavior. We combined optogenetics or chemogenetics with behavior tests 

to investigate the role of aPC neurons and the mPFC-aPC projection in social memory. We also 

used whole-cell recordings and optogenetics to study the synaptic connections between the mPFC 
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and the aPC. Results (1) We observed enhanced activity after social behavior in neurons of the 

aPC. (2) Chemogenetic suppression of either pyramidal neurons in the aPC or the mPFC impaired 

social memory. (3) Inactivation of the mPFC-aPC projection impaired social memory. (4) The aPC 

pyramidal neurons receive monosynaptic inputs from the mPFC. Conclusion The aPC pyramidal 

neurons and the mPFC-aPC projection are essential for social memory. 

Keywords: anterior piriform cortex; medial prefrontal cortex; social memory; optogenetics 
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Cognitive and neural mechanisms underlying the suppression of 

food-related memories in overweight and obesity individuals: 

based on Think/No-think task 
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Abstract: Objective Retrieval suppression was a process that engaged response override 

mechanisms and it disrupted the automatic progression from cues to an associated memory, thus 

the lasting effects would influence the accessibility of the remained experience. According to 

previous researches, ROI regions were selected on human neuroimaging studies of memory 

suppression to investigate neural mechanisms underlying this process, including DLPFC and 

VLPFC, ACC, the right MFG, the right IFG which are regions related to inhibitory control. And 

areas involving sensory representation of memory such as fusiform gyrus, the pulvinar nucleus of 

the thalamus, visual processing region like lateral occipital complex (LOC), and hippocampal, 

parahippocampal gyrus which are linked to episodic recollection. Methods Participants were 

supposed to study 66 scene-food pairs, which were presented with pictures with food embedded in 

the location scene (e.g., rice dumplings on the stairs, nougat on the coach) and were  encouraged to 

form an association between the items. The TNT procedure consisted of study phase, TNT phase, 
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and final test phase. Results (1) The right DLPFC, middle frontal gyrus (MFG), inferior frontal 

gyrus (IFG), caudate, were found in memory suppression process in overweight and obesity 

participants. (2) The left midventrolateral prefrontal cortex (mid-VLPFC) was found in the contrast 

of Think＞No-think among overweight and obese participants, meaning left mid-VLPFC might has 

relation to memory retrieval process in overweight and obese participants. Meanwhile, anterior 

cingulate cortex (ACC) has been found may play a role in memory suppression, especially in 

healthy participants. (3) The hippocampus dentate gyrus (hippocampus-DG) was found in 

overweight and obesity＞health participants during memory suppression, providing an insight in 

the field of memory suppression and retrieval. Conclusion The overweight and obesity participants 

failed in the memory suppression process because couldn’t control the relevant brain areas. 

Key words: memory suppression; Think/No-think task; food-related memories 
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Abstract: We have developed the first general-purpose graphical experiment builder for 

Psychtoolbox (Psychophysics Toolbox). Through intuitive drag-and-drop, this experiment 

builder—called PsyBuilder—makes it possible to implement unlimited experimental tasks without 

any coding. PsyBuilder is based on the widely successful Psychtoolbox that has become 

indispensable for many researchers in behavioral and neural sciences. PsyBuilder retains all of the 

advantages of Psychtoolbox, affording researchers with powerful flexibility in the choice of stimuli 

and responses while ensuring precise control and timing, all achieved with an easy-to-use graphic 

user interface. PsyBuilder is poised to facilitate the wide adoption of Psychtoolbox in student 

training in lieu of proprietary software (e.g., E-Prime), contributing to the open science movement. 

Its powerful drag-and-drop design can also help to accelerate scientific progress, by improving 

data-collection efficiency and accuracy in behavioral and neural sciences. 

Keywords: PsyBuilder; A free graphical experiment builder; cross-platform; behavioral and neural 

sciences 
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Electroacupuncture relieves anxiety via CB1 receptor on vHPC-

mPFC circuit in TNBS mice with pain and anxiety comorbidity 
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Abstract: Objective Electroacupuncture (EA) has been accepted for a significant therapeutic effect 

on pain and depression comorbidity. It is widely reported that the prefrontal cortex (mPFC) and 

ventral hippocampus (vCA1) are involved in the regulation of pain and emotions. However, how 

EA regulates those two brain regions to play a related roles is still unknown. Methods Used optical 

fiber calcium signal for recording calcium activity of neurons in the deep brain on mice induced by 

TNBS. Von Frey filaments was used to detect mechanical pain threshold and colorectal distension 

(CRD) was used to measure visceral pain sensitivity. Elevated plus maze and open field test were 

used to measure anxious behavior. Western blotting was used to test the expression of CB1 receptor 

in mPFC and vCA1. Immunofluorescence was used to test the excitability of PN neurons and 

GABA neurons in mPFC and vCA1. Results We found that EA treatment reduced the excitability 

of PN neurons in mPFC and vCA1, but increased the activity of GABA neurons in the vCA1. 

Futhermore, chemicogenetic activation vCA1-mPFC neural circuit antagonized the anti-anxiety 

effect of EA treatment. In addition, EA induced anxiolytic and neural circle was reliable on the 

activation of CB1Rs in the vCA1. Conclusion The above results unanimously reveal a sub cortical 

circuit responsible for relieving anxiety under colitis, and identify one novel molecular pathway 

anxiolytic effects of EA. 

Keywords: colitis, anxiety, pain, cannabinoid receptorⅠ, vCA1, mPFC 
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Abstract: Objective Serotonin and Oxytocin (OXT) receptors are expressed throughout the 

mesolimbic dopamine (DA) pathways, plays an important role in various innate or conditioned 

behaviors, and they often interactively alter DA release and DA-mediated behaviors. Our previous 

study has found that activation of serotonin 5-HT2A or 5-HT2C receptors in Ventral Tegmental Area 

(VTA) disrupts maternal behavior, but its interaction with OXT is not clear. Thus, we investigated 

the possible interactive effects between 5-HT2A or 5-HT2C and OXT receptors in VTA on maternal 

behavior in postpartum female rats, and explored the possible behavioral mechanisms. Methods 

Microinjection of 5-HT2A agonist (TCB-2, 4.0 μg/side) or 5-HT2C agonist (MK212, 5.0 μg/side) 

combined with OXT (0.25, 0.5 μg/side) or OXT antagonist (Atosiban, 0.25, 0.5 μg/side) into VTA 

through the postpartum day 3 to 7. On the test day, 10 min later after microinjection, their  activities 

were observed in home-cage, pup preference test, elevated plus maze (EPM) pup retrieval test, and 

maternal aggression test. Results 1) TCB-2 or MK212 in VTA disrupted home cage maternal 

behavior and maternal aggression. 2) OXT, or OTA at both dosages did not affect maternal 

performance in all tests. 3) OTA 0.5 combined with TCB-2 decreased the number of pup retrieval 

on the EPM. 4) OXT 0.25 potentiated the disruptive effect of MK212 on maternal aggression but 

not other maternal behaviors. Conclusion 1) activating 5-HT2A or 5-HT2C receptors in VTA 

disrupts home-cage maternal behavior and maternal aggression by disrupting the executive function 

and maternal motivation, respectively. 2) Activation or blockade of OXT receptors in the VTA 

does not affect the performance of maternal behavior under different situations. 3) The interaction 
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between 5-HT2A and OXT receptors in VTA in maternal behavior are under anxiety conditions, 

whereas the interaction between 5-HT2C and OXT receptors are under stress conditions. 

Keywords: maternal behavior; serotonin; Oxytocin; 5-HT2A; 5-HT2C; ventral tegmental area 
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Abstract: Objective The pedunculopontine tegmental nucleus is a conservative brain nucleus in 

the midbrain that is involved in the regulation of sleep, locomotion, reward and cognition. 

Especially, it’s the potent DBS target of clinical treatment in some Parkinson's disease patients. So 

it is essential to dissect the neuronal identity of the circuits connected to the PPTn for better 

understanding the physiological and pathological function of it. We aim at uncovering the cellular 

identity of the afferent neurons projecting to the PPTn. Methods With the help of the genetically 

modified AAV combined with transgenic mouse, we performed the whole brain mapping of the 

inputs to the PPTn. Brain sections were imaged by our high-speed 3D imaging system VISoR 

system at 1-μm resolution, and the signals were detected semi-automatically by ilastik software. 
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Results Densely labled neurons in numerous cortical brain areas and subcortical areas were 

detected in different transgenic mice, including many long-rang projections, such as the bed nuclei 

of the stria terminalis and medial preoptic area in the forebrain, lateral hypothalamus, substantial 

nigra, dorsal raphe nuclei in the midbrain and spinal nucleus of the trigeminal, the nucleus of the 

solitary tract in the hindbrain. Conclusion There are differential afferents pattern of distinct cellular 

identity to the PPTn. 

Keywords: pedunculopontine tegmental nucleus, mice, brain mapping, neural pathway, Visor, 

genetics, AAV, neuroanatomical tract-tracing techniques 
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Abstract: Objective Recently the expression of functional mu opioid receptor (MOR) has been 

reported in cerebellum, present in the molecular layer, the granular layer and the Purkinje cell (PC) 
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layer of the postnatal and adult rat cerebellum. PCs receive excitatory inputs from parallel fibers 

(PFs), which is the fundamental site of signal processing in the cerebellar cortex. Moreover, some 

evidences demonstrated that MOR, as a G protein-coupled receptor, can function not only through 

the G protein-dependent signaling pathway but also through the G protein-independent β-arrestin 

signaling pathway. However, the involvement and mechanism of MOR in the PF-PC synapse 

remains unclear. Therefore, we investigated the effect and mechanism of MOR in PF to PC in mice 

cerebellar cortex. Methods 6-8 weeks-old mice were decapitated to prepare sagittal slices of 

cerebellar cortex with a thickness of 300 μm. Electrophysiological data was obtained from PF-PC 

in cerebellar slices by whole cell patch clamp technique. The pharmacological agents, DAMGO, 

CTOP, KT5720 and U0126 dissolved in ASCF were perfused onto cerebellar slices except that PKI 

was added directly in the electrode solution. Results (1) MOR selective agonist DAMGO can 

reduce the amplitude and area under the curve (AUC) of PF-PC eEPSCs, and increase the pair-

pulsed ratio (PPR). The DAMGO-induced effect of PF-PC eEPSCs and PPR were abolished by 

MOR specific blocker CTOP. (2) DAMGO can significantly reduce the frequency of PF-PC 

mEPSCs, but has no obvious effect on the amplitude. The DAMGO-induced reduction in frequency 

of PF-PC mEPSCs was blocked by CTOP, which showed no significant effect on their amplitude. 

(3) A protein kinase A (PKA) inhibitor PKI added in the pipettes solution did not affect the 

inhibitory effect of PF-PC mEPSCs induced by DAMGO. (4) The perfusion of a PKA inhibitor 

K5720 in artificial cerebrospinal fluid (ACSF) prevented the inhibition on PF-PC mEPSC induced 

by DAMGO. (5) MEK inhibitor U0126 can also block the inhibition effect of DAMGO on PF-PC 

mEPSCs. Conclusion (1) The MOR located on PF-PC presynaptic membrane may be the main 

target of MOR agonist or antagonist to regulate the synaptic function; activation of PF-PC 

presynaptic membrane MOR can effectively inhibit the release of presynaptic excitatory 

neurotransmitters. (2) Activation of MOR can inhibit the excitatory synaptic transmission of PF-

PC through the G protein-dependent signaling pathway and the G protein-independent β-arrestin 

signaling pathway. 

Keywords: mu opioid receptor; Purkinje cell; parallel fiber; G protein-coupled receptor; synaptic 

transmission 
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Distinct engrams in basolateral amygdala control expression of 

fear memory 

 

Abstract: Previous researches suggested that interneurons in the basolateral amygdala (BLA) play 

a key role in the extinction of fear memory. However, there is no direct study showing a behavioral 

effect from specifically regulating the GABAergic neurons activated during fear extinction. We 

made Arc-ERT2CreERT2, cFos-ERT2CreERT2 and GAD67-ERT2CreERT2 transgenic mice, which can 

be crossbreed with R26RSTOP-floxed-tdTomato mice and injected with Cre-dependent adenovirus 

associated virus (AAV) to tag and regulate neurons stimulated by fear acquisition or extinction. 

BLA injection of AAV expressing DREADDs to these transgenic mice could specifically regulate 

tagged neurons. The data showed inhibition of BLA GABAergic neurons or extinction-tagged 

GABAergic neurons could restore the fear expression. Furthermore, stimulation of BLA fear 

acquisition tagged neurons blocked the fear extinction. The data directly proved that fear extinction 

established inhibitory GABAergic associations to interfere with existing fear memory neural 

circuits and suppress conditional fear responses. It might shed light on the future treatment for post-

traumatic stress disorder (PTSD). 

 

Back to top ↑ 

 

 

P-349 

Functional organization of spatial frequency, orientation and 

color selectivity in V4  

 

Ying Zhang1,a, Jiaming Hu2,a, Anna Wang Roe1,2,* 

 



The 14th Annual Meeting of Chinese Neuroscience Society 

 

1Key Laboratory for Biomedical Engineering of Ministry of Education, College of Biomedical 

Engineering and Instrument Science, Zhejiang University, Hangzhou, 310027, China 

2Interdisciplinary Institute of Neuroscience and Technology, School of Medicine, Zhejiang University, 

Hangzhou, 310027, China. 

 

aThese authors contributed equally 

Email: annawang@zju.edu.cn 

 

Abstract: Objective Recent studies have shown that there are high and low spatial frequency (SF) 

preference domains in V4; however, it remains unknown the spatial relationship between these SF 

domains and other V4 functional domains (e.g. orientation and color). In addition, gratings with 

simple SF component used in previous studies may lead to errors in domain classification. Methods 

In this study, we adopted grating stimuli with different SF components to map functional domains 

and study the relationship between SF domains and orientation/color domains. Results By using 

gratings with multiple SF components, we acquired more accurate functional maps across different 

eccentricities in V4. Consistent with previous studies, orientation domains and color domains are 

mostly separated into bands. Although the spatial relationship between SF and color/orientation 

domains is not as clear as that in V1, our results indicate that in V4 low SF domains tend to overlap 

more with color domains, while high SF domains tend to overlap with orientation domains. 

Conclusion These data show that the distinctions in spatial frequency channels underlying shape 

and surface encoding in V1 continue in higher areas such as V4. 
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Abstract: Objective Early-life stress has been found to disrupt the neurodevelopmental trajectory 

of the prefrontal cortex (PFC) during adolescence. These adverse effects of early-life stress may be 

mediated by dysfunction of parvalbumin-positive (PV+) neurons and corticotropin releasing 

hormone (CRH) and its type 1 receptor (CRHR1) system, but the underlying mechanisms remain 

to be uncovered. Methods Using the electrophysiology, immediate early gene c-fos co-labeling, 

and chemical genetics techniques, we examined how PV+ neurons in the medial prefrontal cortex 

(mPFC) are involved in the negative effects of early-life stress in adolescent mice. Using 

pharmacological and virus microinjection techniques, we then blocked CRHR1 to investigate the 

involvement of PV+ neurons and CRH-CRHR1 system in the early-life stress-induced PFC-

dependent cognitive dysfunction in adolescent mice. Results Early-life stress impaired PFC-

dependent temporal order memory and spatial working memory in adolescent mice, without 

affecting anxiety-like, depressive, and social behaviors. Early-life stress downregulated the 

function of PV+, but not SST+ neurons in mPFC. Downregulating prefrontal PV+ neuron activities 

impaired PFC-dependent cognitive functions, whereas upregulating prefrontal PV+ neuron 

activities successfully restored cognitive impairments induced by early-life stress. Systemic 

administration of antalarmin, an antagonist of CRHR1, or specifically regional knockout of CRHR1, 

restored the dysfunction of PV+ neurons in mPFC and early-life stress-induced PFC-dependent 

cognitive deficits in adolescent mice. Conclusion These results suggest that early-life stress 

upregulates the CRH-CRHR1 signal system function, and then downregulates the function of 

prefrontal PV+ neurons, which eventually leads to cognitive impairment in adolescence. These 

neurobiological mechanisms provide novel perspectives for the early treatment and prevention of 

stress-related mental diseases such as depression. 

mailto:si.tian-mei@163.com


The 14th Annual Meeting of Chinese Neuroscience Society 

 

 

Keywords: Early-life stress; adolescence; medial prefrontal cortex; PV+neurons; CRHR1; 

Cognition 

 

Back to top ↑ 

 

 

 

 

  



September 16-19, 2021 Chongqing 

P-351 ~ P-375 

 

P-351 

Effects of acute stress on risky decision-making are related to 

neuroticism: An fMRI study of the Balloon Analogue Risk Task 

 

Yuyang Zhu1,2, Yituo Wang3, Lubin Wang1,*, Zheng Yang1,* 

 

1 Institute of Military Cognitive and Brain Sciences, Academy of Military Medical Sciences, Beijing, 

100850 

2 Institute of Radiation Medicine, Academy of Military Medical Sciences, Beijing, 100850 

3Department of Radiology, Seventh Medical Center of the Chinese PLA General Hospital, Beijing, 

100700 

4Department of Radiology, Fifth Medical Center of the Chinese PLA General Hospital, Beijing, 

100071 

 

Y. Zhu and Y. Wang contributed equally to this work. 

 

* Corresponding Author: 

E-mail addresses: yangz236@163.com (Z. Yang), wanglb@bmi.ac.cn (L. Wang) 

 

Abstract: Objective Decision making under acute stress is frequent in daily life. While evidence 

suggests for a modulatory role of neuroticism on risky decision-making behaviors, the neural 

mechanisms underlying the association between neuroticism and risky decision-making under acute 

stress remain to be elucidated. Methods Based on a modified Balloon Analogue Risk Task (BART) 

with concurrent functional magnetic resonance imaging, we evaluated the effect of acute stress on 

risk-taking behavior in 35 healthy male adults, and further assessed stress-induced changes in brain 

activation according to the individual differences in neuroticism. Results We found a positive 
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correlation between neuroticism and greater risk-taking behavior under acute stress. On a neural 

level, higher trait neuroticism levels predicted increased stress-modulated activation of the right 

dorsal anterior cingulate cortex during risk-taking, and predicted decreased stress-modulated 

activation of the right dorsolateral prefrontal cortex during cash-outs. Conclusion These results 

extend our understanding of the increased risk-taking propensity in high neurotic individuals under 

acute stress. 

Keywords: acute stress; BART; fMRI; risky decision-making; neuroticism 
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小鼠和猕猴全脑神经纤维追踪及其分脑区定量统计方法的研

究 

 

摘 要: 大脑功能的高效一定程度上来源于其内部高度复杂的神经元连接，因此解析大脑中复

杂的神经环路是神经科学研究的重要基础工作。有赖于近年来全脑光学显微成像技术的大幅

发展，我们能够获取亚微米分辨率下的小鼠乃至猕猴全脑三维成像数据。这些成像数据兼有

高分辨率和大尺度的特点，因此数据量也十分庞大，如何高效地从这些海量数据中提取神经

环路信息是亟待解决的问题。 

本文工作发展了一套能够在小鼠和猕猴全脑三维成像数据上进行神经纤维追踪的解决方案，

支持百 TB 级的猕猴全脑数据的分析。同时，对于小鼠全脑数据，我们的软件系统能将追踪

到的神经纤维映射回标准脑坐标系，使得从多个小鼠上获得的数据能够被统一的进行分析。

作为应用示例，我们完成了若干猕猴丘脑神经元的单纤维全脑皮层投射的追踪且对其分岔特

性做了简单的定量分析。 

关键词：全脑神经纤维追踪；标准脑坐标系；三维成像 
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Abstract: Chronic stress exposure increases the risk of developing various neuropsychiatric 

illnesses. The ventral hippocampus (vHPC) is central to affective and cognitive processing and 

displays a high density of acetylcholine (ACh) muscarinic receptors (mAChRs). However, the 

precise role of vHPC mAChRs in anxiety remains to be fully investigated. In this study, we found 

that chronic restraint stress (CRS) induced social avoidance and anxiety-like behaviors in mice and 

increased mAChR expression in the vHPC. CRS increased the vHPC ACh release in behaving mice. 

Moreover, CRS altered the synaptic activities and enhanced neuronal activity of the vHPC neurons. 

Using pharmacological and viral approaches, we showed that infusing the antagonist of mAChRs 

or decreasing their expression in the vHPC attenuated the anxiety-like behavior and rescued the 

social avoidance behaviors in mice probably due to suppression of vHPC neuronal activity and its 

excitatory synaptic transmission. Our results suggest that the changes of neuronal activity and 

synaptic transmission in the vHPC mediated by mAChRs may play an important role in stress 

induced anxiety-like behavior, providing new insights into the pathological mechanism and 

potential pharmacological target for anxiety disorders. 
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Keywords: chronic stress; anxiety; hippocampus; acetylcholine muscarinic receptors; scopolamine; 

electrophysiology 
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Abstract: While mutant mice have substantially contributed to our current knowledge on autism 

spectrum disorder (ASD), the translational value of ASD mouse models has been under debate due 

to the apparent differences in brain structure and behavior between mice and humans. Domestic 

dog is an appealing alternative because of its complex and effective dog-human social interactions. 

In this study, we aimed to model ASD in experimental Beagle dogs by manipulating Shank3 gene, 

as SHANK3 mutations are commonly identified in ASD patients. By CRISPR/Cas9 gene editing, 

we successfully generated multiple lines of Beagle Shank3 (bShank3) mutants which exhibited 

distinct social interaction deficits mimicking the patients’ but not apparent in other mutant models 

of mice and monkeys. Further, brain imaging showed altered connectivity lateralized in the left 

hemisphere of bShank3 mutants. Our findings demonstrate the validity and value of a canine model 

to study ASD and other psychiatric disorders.  
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Abstract: Aim:  Sustained neural activity between two paired stimuli is thought to be a putative 

mechanism critical for the consolidation of associative motor memory. This firing pattern gradually 

develops during on-line learning, but whether and how sustained activity is strengthened by off-

line sleep remains unclear. Methods: Mice received paired presentations of light (acts as 

conditioned stimulus, CS) and corneal airpuff (acts as unconditioned stimulus, US) daily. Multiple 

units recording were performed in both hippocampus and medial prefrontal cortex (mPFC) before, 

during and after behavioral training. Results: It was found that, during post-learning sleep, there 

was obvious increase in the coordinated interaction between the hippocampus and mPFC. Single 

sustained active cells in the mPFC showed stronger responsiveness to the occurrence of 

hippocampal sharp-wave ripples (SWRs). However, this increased responsiveness was limited to 

occur in the early stage of associative motor learning. Furthermore, we set up on-line hippocampal 

SWR detection to trigger optogenetic silencing of a subset of pyramidal cells in the mPFC. Control 

sustained active mPFC cells (non-silenced and silenced outside SWR period) largely maintained 

their abilities to increase with learning. In contrast, the SWR-silenced mPFC sustained active cells 

showed reduced activity. Remarkably, this reduced sustain activity was associated with the 

impairment of motor memory consolidation. Thus, in agree with a central tenet of two-stage 

memory trace theory, our results reveal direct evidence for SWR-associated hippocampus-

neocortex dialogue during off-line sleep subserves for strengthening prefrontal cortical network 

plasticity and consolidating the CS-US associations. This work was supported by the National 

Science Foundation of China (NSFC) no. 81671315 (B.H.), and no. 81401103 (H.C.) .  
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目的：七氟烷是临床上较为常用的吸入麻醉剂，具有苏醒快、血流动力学稳定等优点，是众

多全麻药中较为理想的麻醉剂。迄今，七氟烷产生全麻作用的机制尚不完全清楚。传统一些

观点认为，全麻药对神经元产生广泛的抑制效应（如戊巴比妥钠能激活 GABAAR受体），进

而发挥作用。最近有研究发现某些麻醉剂如异氟烷，可特异激活脑内一部分促睡眠神经元发

挥作用。七氟烷通过何种机制以及作用于哪一关键靶区仍不清楚。 

方法：免疫组化技术；原位杂交技术；神经药理学；在体多通道记录 

结果：七氟烷麻醉成年小鼠后，通过检测 c-Fos 表达来反应神经元功能活动变化。通过在全

脑筛选，我们发现七氟烷可激活终纹床核（Bed nucleus of stria terminalis，BNST）、视上核

（Supraoptic nucleus, SON）和中央杏仁核（Central amygdaloid nucleus, CeA），该发现与前

期报道的异氟烷作用脑区一致。有意思的是，七氟烷麻醉还可使动眼神经副核（Edinger-

Westphal nucleus, EW）内 c-Fos 表达显著增多，表明 EW 是其作用的独特靶区。采用在体多

通道记录技术，我们同样发现，在七氟烷麻醉下 EW 区域神经元放电也明显增加，且这群神

经元在睡眠中放电也增加，说明七氟烷麻醉可能通过激活 EW 区域神经元而促睡眠来产生麻

醉作用。 

七氟烷在 EW 通过何种细胞类型发挥效应呢？通过原位杂交，我们发现七氟烷激活 EW 区域

的神经元不表达 GABA 和谷氨酸能神经元的分子标志 GAD-67 和 vGlut2，也不表达多巴胺、

五羟色胺、肾上腺素以及组胺神经元的分子标志。七氟烷激活 EW 区域的神经元类型主要为

表达可卡因-安非他明调节转录肽（Cocaine amphetamine regulated transcript，CART）、尿皮

素（Urocortin，UCN）的肽能神经元。采用鹅膏酸损毁 EW 区域神经元后，我们发现可以显

著延长七氟烷诱导全身麻醉时间，缩短全身麻醉的复苏时间。 

mailto:lh78553@163.com
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结论：七氟烷除激活 BNST、SON、CeA 的神经元，还特异地通过激活 EW 区域表达可卡因

安非他明调节转录肽和尿皮素的神经元，进而产生麻醉作用。这一发现进一步揭示了七氟烷

发挥麻醉作用的新机制。 

关键词：七氟烷; 动眼神经副核; 尿皮素; CART 
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Abstract: Objective Cerebellar dysfunction has recently been linked with abnormal sleep-wake 

behaviors, indicating cerebellar contribution to the regulation of sleep and wakefulness. However, 

the circuit and cellular activity underlying this regulation remain poorly understood. Methods Here, 

we genetically traced a circuit from the deep cerebellar nuclei (DCN) to the ventromedial thalamus 

(Vm) in mice, and to explore how the ventromedial thalamus-projecting DCN (DCNVm) neurons 

work during the regulation of sleep-wake states. The brain states were determined based on EEG-

EMG signals recorded from implanted electrodes for polysomnographic recordings. The activity of 
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DCNVm neurons was monitored by in vivo multiple channels recording. The role of DCNVm neurons 

in wakefulness-sleep regulation was determined by optogenetic manipulations. 

Results (1) The activity of DCNVm neurons was high in wake and low in non-rapid eye 

movement (NREM) sleep. (2) The increase of DCNVm neuronal activity preceded the transition 

from the NREM sleep to wakefulness. (3) Optogenetic activation of the DCNVm neurons caused 

cortical activation, accompanied by promoted wakefulness and suppressed NREM sleep. (4) In 

contrast, optogenetic inhibition of the DCNVm neurons caused reduced wakefulness and increased 

NREM sleep. Conclusion Our data offer important insights into a previously unappreciated role 

of the cerebellum in sleep-wake regulation by controlling the ventromedial thalamus. 

Keywords: Cerebellum, Deep cerebellar nuclei, ventromedial thalamus, Wakefulness, Sleep 
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目的：七氟烷是临床常用的吸入性全身麻醉药物之一，但其发挥效应的脑区以及分子细胞机

制尚不完全明确。在前期工作中，我们发现七氟烷能够激活动眼神经副核（Edinger–

Westphal nucleus, EW ） 内 可 卡 因 安 非 他 命 转 录 肽 （ Cocaine-and amphetamine-

regulatedtranscript peptide, CART+）和尿皮素（Urocortin,UCN+）神经元，进而诱导全身麻醉。

在此基础上，本研究拟进一步研究七氟烷通过何种分子机制产生这种兴奋效应。 

方法：原位杂交技术；免疫组化技术；膜片钳记录技术；EEG/EMG 监测技术；神经药理学

技术 

结果： 我们应用原位杂交技术，发现生长激素释放多肽受体（Growth hormone secretagogue 

receptor，GHSR）在 EW 区域高度表达，且 GHSR 主要表达在 EW 内 CART+和 UCN+神经元

上。通过 c-Fos 组化染色标记七氟烷麻醉时激活的 EW 内神经元，发现七氟烷麻醉时激活的

EW 内神经元 90%以上都表达 GHSR。 

我们进一步利用膜片钳技术证实了 GHSR 为七氟烷发挥效应的分子靶点。发现给予七氟烷能

够引起 EW 神经元产生内向电流。在 GHSR 特异性的阻断剂存在下，七氟烷所诱导的内向电

流被完全阻断。此外，外源性给 GHSR 的配体 Ghrelin 能诱导 EW 区神经元产生内向电流。

行为学研究显示，在 EW 区给于 Ghrelin 能显著促进 NREM 和 REM 睡眠，减少觉醒时间。 

结论：七氟烷可通过激活 EW 内表达 GHSR 的 CART+和 UCN+神经元，进而发挥麻醉效应。

该发现进一步揭示了七氟烷发挥效应的新的分子靶点。 

关键词：七氟烷 动眼神经副核 生长激素释放多肽受体 尿皮素 可卡因安非他命转录肽 
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Abstract: Objective Social buffering (SB) is a common phenomenon that animals contact and 

communicate with conspecific animals, which is benefit for stressed individual to better recover 

from aversive events. Although the dopaminergic reward system has been implicated in SB, it is 

not clear which neuronal populations are relevant and how they contribute.  Methods Here, we 

adopted a learned helplessness (LH) animal model of depression to explore the effect of SB on 

stressed animals. Then we applied chemogenetic tools to confirm the role of ventral tegmental area 

(VTA) dopamine neurons in SB. The relative neural circuit was identified by whole bra in mapping 

of VTA. Results (1) LH subjects housed with a conspecific partner show better performance in 
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shuttle box test, showing that SB improves the stress-coping abilities to deal with stress. (2) 

Bidirectional manipulation of ventral tegmental area (VTA) dopamine neurons by chemogenetic 

tools can mimic or block the SB effect in LH mice. (3)Through mapping input and output 

architecture, we found LH- and SB-triggered circuit-level changes in neuronal ensembles. Zona 

incerta (ZI), an overlapping brain region, was significantly changed in both anterograde and 

retrograde tracing during LH and SB. Conclusion These results reveal a neural loop with structural 

plasticity between VTA dopamine neurons and ZI underlies the SB effects in LH and lays a 

foundation for studying how VTA dopamine neurons regulate SB-related neural circuits.  

Keywords: learned helplessness; social buffering; VTA; ZI; dopamine neurons 
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目的：觉醒状态受外界环境和机体内部感觉信息的影响，然而感觉信息调控觉醒的机制尚未

充分阐明。丘脑室旁核（paraventricular thalamus, PVT）是重要的觉醒调控核团，其活动促

进睡眠向觉醒的转换。此外，PVT 神经元可被多种感觉刺激激活，并编码感觉刺激的显著性

mailto:zhianhu@aliyun.com
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与效价，提示 PVT 可能介导感觉刺激诱发的觉醒活动变化。为此，本研究旨在研究 PVT 在

感觉刺激诱发觉醒中作用，并进一步探究感觉刺激影响 PVT 活动的神经环路基础。方法：采

用光纤记录技术，研究不同感觉刺激对 PVT 活动的影响；采用光遗传学方面，研究 PVT 在

感觉刺激诱发觉醒中作用；采用环路示踪方法，研究感觉刺激影响 PVT 活动的神经环路基础。

结果：1. PVT 可被痛觉、温度觉、触觉、听觉和嗅觉等多种感觉刺激激活；2. 光遗传激活

PVT 诱发觉醒水平增高，表现为瞳孔直径放大；3. 在给予感觉刺激时同步抑制 PVT 活动，可

降低感觉刺激诱发觉醒水平增高及睡眠向觉醒的转换； 4、 PVT 接受脑干臂旁核

（parabrachial nucleus, PB）谷氨酸能神经元输入，激活 PB-PVT 通路诱发觉醒转换和觉醒水

平增高。结论：PB-PVT 通路介导感觉刺激对觉醒活动的影响。 

关键词：觉醒；感觉刺激；丘脑室旁核；臂旁核 
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Abstract: Objective Brain functional magnetic resonance (fMRI) studies in human have shown 

that light can rapidly activate specific brain regions which might suggest the basis of it ’s regulating 

effect on cognition. However, the corresponding neural circuit has not yet been elucidated. The 

purpose of this study was to explore the neural circuit of real-time regulation by light on spatial 

memory. Methods The effects of light with different intensity on spatial memory and anxiety were 

examined by Y maze and Open field /Elevated plus maze. The c-Fos mapping and fiber photometry 

were used to detect brain areas remarkably activated by specific lighting. Virus tracing and 

chemogenetics methods were adopted to demonstrate the anatomical connections of the target 

circuit and its’ functional significance in the process that light regulate spatial memory. Genetically 

encoded fluorescent sensors and pharmacological methods were used to illustrate the modulating 

effect of specific neurotransmitters. Results (1) During the test period of Y maze, 400 lux of light 

induced proper anxiety and promoted spatial memory retrieval; brighter light of 800 or 1200 lux 

induced higher anxiety and impaired the spatial memory. (2) The CeA-LC-DG circuit played a 

necessary and sufficient role in the specific light regulation of spatial memory. (3) Corticotrophin 

release factor (CRF) and norepinephrine (NE) played essential roles in such process. Conclusion 

Light with proper intensity promotes the retrieval of spatial memory through a CeA-LC-DG neural 

circuit, in which CRF and NE play crucial roles. This circuit also clarifies an phenomenon that 

individuals perform well with moderate level of anxiety.  

Keywords: Real-time effects of light; spatial memory retrieval; neural circuits; neurotransmitter 

modulating effect 
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摘要：目的：探讨刺激信息的编码原理与在中枢的解码原理。方法：依据：①刺激信息由分

门别类的感受器接收换能，而感受器对适宜刺激敏感并产生强烈的换能反应，继而产生相应

的传入感觉神经信息传向中枢相应的脑功能区或组织；②神经系统和体液所传递的各种信息

的实质都是强度；③兴奋性神经元的功能特性能对传入的神经信息进行时空总和性的整合，

其结果决定是否传出神经信息；④神经网络处理神经信息的方式有“聚合”与“发散”方式、

或“并行处理”和“串行处理”方式、或“自动处理”和“选择处理”方式，等有关的研究

结果，探讨刺激信息的编码原理和传入感觉神经信息在中枢的解码原理。结果与结论：①对

刺激信息的编码原理是：通过“感受器对适宜刺激敏感并产生强烈的换能反应，继而产生相

应的传入感觉神经信息”的功能，分门别类的感受器将刺激信息“并行”“分解”为相应的

适宜刺激信息而接收换能为实质是强度的传入感觉神经信息，再通过相应的特异性神经通路

“串行”传向中枢相应的感觉脑功能区或组织，并同时也将适宜刺激信息的性质信息、强度

信息、定位信息和持续时程信息这 4 个方面的基础信息编码进传入感觉神经信息。②对传入

感觉神经信息的中枢解码原理是：在各传入感觉神经信息“并行”传入中枢的相应感觉脑功

能区或组织，神经元通过具有时空总和性信息整合功能作用的兴奋性神经元的功能特性，将

实质是强度的传入感觉神经信息在中枢相应的感觉功能区或组织进行“自动处理”，使传入

感觉神经信息逐级“聚合”式地进行“合成”，分别对传入感觉神经信息的性质信息、强度

信息、定位信息和持续时程信息这 4 个方面的基础信息进行信息处理并感知，“还原”出刺

激信息的完整信息内容而产生整体感知觉，从而完成对传入感觉神经信息的解码。 

关键词：神经生物学，刺激信息，感受器，神经元，信息的编码，信息的解码 
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Abstract: Objective Neuropathic pain lacks long-term effective treatments, which brings a great 

psychological and physical burden to patients. Peripheral pain is transmitted from the peripheral 

nociceptors to the dorsal root ganglions, and then projected to the brain after passing into the spinal 

dorsal cord. The spinal dorsal cord is considered to be a good target for treating neuropathic pain. 

The present study aims to explore the key genes in the spinal dorsal horn that play an important 

role in neuropathic pain, and explore the possible mechanisms. Methods We found two microarray 

datasets of the spinal dorsal horn changes after an animal model of neuropathic pain, Spared Nerved 

Injury (SNI) model, in the GEO database: GSE75072 and GSE111216. The bioinformatics analysis  

of the two datasets showed that the most important gene was Colony-Stimulating Factor 1 Receptor 

(CSF1R). We later explored the possible roles of CSF1R from the perspectives of animal behaviors 

and molecular biology. Results (1) The bioinformatics analysis of GSE70752 and GSE111216 

datasets showed that the overlapped differentially expressed genes were mainly enriched in the 

immune pathway, and the most important hub gene was CSF1R. (2) After the SNI, the expression 

of CSF1 and CSF1R in the ispilateral spinal dorsal horn was higher than that of the contralateral 

side. The number of microglia and neuronal excitability were also upregulated in the ispilateral 

spinal dorsal horn. (3) Administration of the CSF1R antagonist could significantly reduce 

hyperalgesia after SNI, and reduce the expression of CSF1R in the ipsilateral spinal dorsal horn. 

The number of microglia and neuronal excitability were also down-regulated. Conclusion 
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Inhibition of the CSF1-CSF1R pathway in the spinal dorsal horn can alleviate the progression of 

neuropathic pain by inhibiting the expression of microglia and reducing the excitability of neurons.  

Keywords: Neuropathic pain; Spinal dorsal horn; Colony-Stimulating Factor 1 Receptor; 

Microglia 
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Abstract: Vector-based navigation (also known as path integration) is essential for organisms to 

survive and explore the world, especially in the absence of effective external landmarks. Self-

motion signals, which have been found to be ubiquitously distributed across parietal-temporal lobes, 

are thought to provide the most important idiothetic information for path integration. However, 

how they propagate to the hippocampal system for vector-based navigation is still up in the air. We 
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proposed that the information is transmitted via hubs including posterior cingulate cortex (PCC) 

and retrosplenial cortex (RSC) to the navigation circuit. Although numerous studies have indicated 

that posterior cingulate areas are involved in spatial tasks, it is unclear how their neurons represent 

self-motion signals. Providing translation and rotation stimuli to macaques on a 6-degree-of-

freedom motion platform with a sophisticated virtual-reality system, we discovered robust 

vestibular responses in PCC with significant temporal and spatial tuning. The preference of 

horizontal plane with a tendency of leftward and rightward in translation indicating the potential 

heading discrimination function of PCC, which is further confirmed by PCA analysis. In rotation, 

the distributed preferred axis tends to be around pitch and roll, but not yaw, which indicating a  

potential role of azimuth tuning of head direction cells in the three-dimensional (3D) environment 

according to a previous work. Moreover, we decomposed temporal and spatial components of 

neural response by a combined 3D spatiotemporal model. The model captured data well and 

revealed multiple temporal components including velocity, acceleration, jerk, and position  with 

spatial modulation. Compared to PCC, RSC contained moderate vestibular temporal modulations 

and lacked significant spatial tuning. Visual self-motion signals were much weaker in both regions 

compared to the vestibular ones. We conclude that macaque posterior cingulate region carries 

vestibular-dominant self-motion signals with plentiful temporal components that could be useful 

for path integration. 

Keywords: self-motion, posterior cingulate cortex, retrosplenial cortex, vestibular signals, 

macaque 
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Abstract: Objective One of the expanded key notes of pain definition in 2020 is “Pain and 

nociception are different phenomena. Pain cannot be inferred solely from activity in sensory 

neurons”. TRPV1-expressing and Mrgprd-expressing cutaneous afferents are two major 

nonoverlapping nociceptors. Whether nociception following their activation give rise to 

subjectively conscious pain perception need to be revisited, especially for Mrgprd-expressing 

nociceptor responding to innocuous punctate stimuli. This study is aimed to reevaluate the nature 

of different behavior responses and the underlying neural circuits. Methods Mrgprd CreERT2-Ai32 

mice and TRPV1-Ai32 mice were used for optogenetic experiments. MrgprdCreERT2 mice with i.t 

AAV-Dio-hM3Dq-mCherry or AAV-Dio-mCherry were used for chemogenetic test. RTPA (Real-

time place avoidance) and CPA (conditional place aversion) were used to measure affective pain. 

The neural circuits were identified by electrophysiology and immunofluorescence assays. Results 

(1) Under physiological condition, optogenetic activation of cutaneous Mrgprd-expressing fibers 

evoke reflexive behaviors (lifting, holding etc.) and can’t produce RTPA or CPA even at highest 

stimulation intensity, while the activation of TRPV1-expressing fibers evoke affective behavior 

(licking, jumping etc.) and produce aversion (2) Under pathological condition as SNI, optogenetic 

activation of Mrgprd-expressing fibers can induce affective behavior as well as  avoidance. 

Moreover, superficial spinal cord-LPB neural circuit may be involved in the behavioral phonotype. 

(3) Chemogenetic stimulation of Mrgprd-expressing neuron evokes mechanical allodynia. Gated-

C in vIIi can be opened by sustained Mrgprd-expressing neuron activation via IA sensitization. 

Conclusion MrgprD-expressing nociceptor gated affective pain pathway can be opened by nerve 

injury.  

Keywords: Mrgprd; TRPV1; Nociceptor; Affective; Reflexive; Allodynia 
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摘要： 

目的：内侧前额叶皮层是处理痛感觉和痛情绪的关键脑区。内侧前额叶皮层分为三个亚区，

即扣带回 1 区（cingulate cortex area 1，CG1）、前边缘皮层（prelimbic cortex，PL）和下边

缘皮层。我们实验室前期研究表明 PL 脑区功能失调参与炎症热痛觉敏化和焦虑样行为的形

成。该研究的目的是明确 PL 脑区对痛感觉和痛情绪的调控是否在神经病理痛中存在类似作

用，从而具有广谱效应。 

方法：应用坐骨神经分支选择性损伤（spared nerve injury，SNI）神经病理痛动物模型，在

手术后利用 von Frey 纤维丝进行机械痛阈的测定。利用高架十字迷宫和旷场实验评价小鼠的

焦虑水平。神经元兴奋性采用脑片全细胞膜片钳进行记录，利用化学遗传学病毒在体可逆地

激活或抑制 PL 脑区锥体神经元兴奋性。 

结果：（1）对比假手术组，SNI 小鼠对侧 PL 锥体神经元去极化电流诱导产生动作电位数减

少，提示兴奋性神经元内在兴奋性降低。（2）化学遗传学激活对侧 PL 脑区兴奋性神经元可

缓解 SNI 小鼠的机械痛敏和焦虑样行为。（3）化学遗传学抑制对侧 PL 脑区兴奋性神经元可

使正常小鼠机械痛阈下降，焦虑水平升高。 
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结论：PL脑区 V层锥体神经元兴奋性降低是造成神经病理痛的触诱发痛和负性情绪的重要一

环，激活 PL 脑区可能同时缓解神经病理痛的痛感觉和痛情绪异常。 

关键词：神经病理痛 内侧前额叶 机械痛敏 焦虑样行为  
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Abstract: Introduction - SCN9A encoded Nav1.7 is an ideal therapeutic target with minimal side 

effects for the pharmaceutical industry because SCN9A variants can cause both human gain-of-

function pain-related mutations and loss-of-function pain-free mutations. This study reviews the 

clinical effectiveness of existing Nav1.7 inhibitors which theoretically should be powerful 

analgesics. Methods - A systematic review is conducted on the effectiveness of current Nav1.7 

blockers undergoing clinical trials. Studies were mainly extracted from PubMed, U.S. National 

Library of Medicine Clinical Trials, World Health Organization International Clinical  Trials 

Registry, ISRCTN registry platform, and Integrated Research Approval System by NHS. Only 

studies with full-text available and those conducted using double-blinded, placebo-controlled, and 
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randomised designs, and reporting at least one analgesic measurement were included. Results - 

Overall 61 trials were screened and eight studies covering PF-05089771 (Pfizer), TV-45070 (Teva 

& Xenon), and BIIB074 (Biogen) met the inclusion criteria. Most studies were excluded because 

results were not published. All three compounds demonstrated insignificant analgesic effects, and 

the comparison between PF-05089771 and pregabalin/ibuprofen showed that PF-05089771 was a 

much weaker analgesic. All of three drug candidates only have mild side effects, indicating the 

potentials of further investigation of Nav1.7 antagonists. Discussion - The failure of current Nav1.7 

small molecule inhibitors might attribute to ignorance of the key role of endogenous systems in 

Nav1.7 null mutants, the lack of selectivity and blocking potency, and central impermeability. The 

synergistic combination of analgesic drugs, a recent UCL patent, combining a small dose of Nav1.7 

blockers and opioids or enkephalinase inhibitors dramatically enhanced the analgesic effects . 

Conclusion- The current clinical testing Nav1.7 blockers are generally disappointing. However, 

the newer generation of Nav1.7-targeting analgesics has overcome the major constrains of its 

predecessors. 

Keywords: Chronic pain, SCN9A, Nav1.7 blockers, Systematic review 
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Abstract: Objective Recent animal studies show that aerobic exercise, which is often considered 

the cornerstone of nonpharmacological therapy for chronic pain, increased c-fos expression in 

dorsal raphe and 5-HT level in brain. Serotonin, a classical neurotransmitter in the central nerve 

system contributes to diverse functions and brain states, including mood, anxiety, and sensory 

functions. The anterior cingulate cortex (ACC) has been recognized as a key cortical area for 

nociceptive and affective modulation. However, the mechanism underlies exercise relieved pain 

and related anxiety in cortical level remain unclear. The present study is to explore whether regular 

aerobic exercise training can relive pain and related anxiety and serotonin in the ACC contribute 

to this effect. Methods Complete Freund's adjuvant (CFA) was injected into left hind paw to induce 

inflammation pain. Mice were accessed to the running wheel 30 minutes for training daily. 

Sensitive and affective component of pain were measured by mechanical allodynia and the elevated 

plus maze test. The level of 5-HT in ACC was measured by enzyme-linked immunosorbent assay 

(ELISA). The effect of 5-HT in ACC was identified by pharmacological assay. Results (1) Regular 

aerobic running wheel training can partially reverse pain and anxiety. (2) 5-HT level increased in 

the ACC after exercise training. (3) Exogenous serotonin in ACC mimics the effect of exercise. 

Conclusion Serotonin in the ACC partially contributes to exercise relieved pain and related anxiety. 

Keywords: aerobic exercise; pain; ACC; 5-HT 
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Abstract: Objective We and others have previously documented that spinal brain-derived 

neurotrophic factor (BDNF) and Src homology-2 domain-containing protein tyrosine phosphatase-

2 (SHP2) contribute to exaggerated incisional pain in adult rodents primed by neonatal incision. 

This study hypothesized that BDNF and its downstream cascade take part in the therapeutic effect 

of sciatic nerve block on exacerbated incisional pain. Methods Nociceptive behaviors and the 

expression of BDNF, SHP2 and AMPA receptor subunit GluA1 were detected in rats subjected to 

neonatal and adult incisions (nIN-IN). Chemogenetic manipulation, knockdown and 

overexpression experiments were performed to evaluate the mechanisms. Results The 

phosphorylation and membrane expression of GluA1 were elevated, and spinal administration of 

AMPA receptor antagonists relieved pain hypersensitivity in nIN-IN rats. Sciatic nerve block with 

levobupivacaine at the time of neonatal incision alleviated the upregulations of BDNF, SHP2 and 

GluA1 in nIN-IN rats. Furthermore, spinal application of low-dose BDNF in adult rats with only 

neonatal incision (nIN) was sufficient to mimic the upregulations of SHP2 and GluA1 in nIN-IN 

rats, which were attenuated by sciatic block. Sciatic block also ameliorated the alternation of GluA1 

and the exaggeration of pain induced by overexpression of SHP2 in nIN rats. Moreover, sciatic 

nerve block combined with SHP2 knockdown completely blocked the upregulation of GluA1 and 

pain hypersensitivity in nIN rats treated with BDNF. Additionally, chemogenetic activation of 

microglias in nIN rats mimicked the upregulations of BDNF, SHP2 and GluA1, as well as 

exacerbated pain, which were ameliorated by sciatic nerve block. Conclusion These results suggest 

that sciatic nerve block with levobupivacaine decreases the activation of BDNF/SHP2/GluA1-

containing AMPA receptor pathway in the spinal dorsal horn, thereby alleviating the neonatal 

incision-induced exaggeration of incisional pain in adult rats. 

Keywords: BDNF, SHP2, GluA1-containing AMPA receptor, sciatic nerve block, incisional pain, 

neonate 
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Abstract Objective: Gastric motility disorder is one of the common pathological features of 

functional gastrointestinal disease. The central nervous system regulates gastric motility in a 

comprehensive way, and the paraventricular nucleus of hypothalamus (PVN) is closely related to 

stress-related gastric motility disorder. Electro-acupuncture (EA) on RN12 and BL21 is an effective 

prescription which has been shown to modulate gastric motility in clinics, but whether PVN is 

involved in the mechanism of modulation is unclear. Methods: Male Sprague Dawley rats (6-

7weeks) were subjected to the following interventions: (1) gastric dilatation (GD) model, (2) EA 

on RN12 and BL21, (3) gastric motility and intragastric pressure were recorded by 

electrogastrogram  and in vivo electrophysiology respectively, (5) PVN neurons firing were 

detected via multichannel electrophysiology, (6) PVN corticotropin-releasing hormone (CRH) 

neurons activity were detected by immunofluorescence. Results: GD reduced gastric motility, 

while EA could modulate gastric motility in GD rats, and the combination of these two points had 

additional effects. GD increased the frequency of neuronal firing in the PVN and activated PVN 

CRH neurons, whereas these increases were reversed by EA. Conclusion: PVN CRH neurons are 

closely associated with GD and are involved in the regulation of gastric motility by EA.  
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Abstract: Objective The neural components associated with sciatic nerve (SN) were examined by 

using neural track tracing and histochemistry with cholera toxin B subunit (CTB), calcitonin gene-

related peptide (CGRP), and plant Bandeiraea simplicifolia isolectin B4 (IB4), and compared along 

the sensory and motor pathways of SN in the rat. Methods After the injection of CTB into the SN, 

the distribution CTB labeling was immunohistochemically examined in the dorsal root ganglia 

(DRG), spinal cord, and compared with CGRP- and IB4-labeling respectively. Results The CTB 

labeling associated with SN contained the sensory neurons in DRG, motor neurons in the spinal 

ventral horn, as well as transganglionic axon terminals in spinal dorsal horn, Clarke’s nucleus,  and 

gracile nucleus. Here, some of CTB labeled neurons co-expressed with CGRP but without IB4, 

CTB labeled neurons only co-expressed with CGRP, and transganglionic axon terminals were 

separately labeled with CTB, CGRP, and IB4. Conclusion Our results are clear shown the subtypes 
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of neural components through the SN pathway. Considering the neurochemical features of sensory 

neurons in DRG and axon terminals in the spinal dorsal horn, it supports the idea that CTB, CGRP, 

and IB4 are selective to label the myelinated A fibers, peptidergic- and nonpeptidergic-

unmyelinated C fibers, respectively.  

Keywords: Sciatic nerve; cholera toxin B subunit; calcitonin gene-related peptide; isolectin B4; 
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Abstract: Objective Diabetic peripheral neuropathy is one of the most common complications of 

type 2 diabetes mellitus patients. In addition to the effective controlling of blood glucose, short -

term injection with metformin alleviates mechanical allodynia in diabetic db/db mice. The gut 

microbiota is involved in the blood glucose regulation by metformin. Therefore, here, we 

investigated the effect of metformin on the peripheral nerve of db/db mice and its relationship with 

gut microbiota. Methods The db/db mice were intraperitoneally injected with metformin for 2 

weeks. Using immunofluorescence staining, von Frey test, and the gut microbiota analyses, we 

investigated the expression and function of peripheral nerve in plantar skin and colonic mucosa, as 

well as the changes of gut microbiota in mice at 7-week-old. Results We observed the mechanical 

allodynia in db/db mice at 7-week-old, while the expression of nerve fiber in plantar was not 

changed. In db/db mice, the expression of nerve fibers was reduced in colonic mucosa but not in 

muscularis externa. The number of fecal pellets was not changed. Metformin alleviated mechanical 

allodynia but no effect on the expression of nerve fibers in plantar skin or colon of db/db mice. 

Based on the weighted unifrac distance, both colon and small intestine microbiota communities of 

db/db mice showed a significant decrease. Metformin injection restored microbiota communities 

in colon but not that in small intestinal. The gut microbiota analyses showed that Alloprevotella, 

Odoribacter, and Prevotellaceae_UCG-001 in the genus were correlated to mechanical allodynia in 

db/db mice. However, metformin alleviated mechanical allodynia in a specific independent manner.  

Conclusions These results provide the potential evidence of gut microbiota in regulating diabetic 

peripheral neuropathy and explaining the mechanism of metformin. 

Keywords: Metformin, nerve fiber, gut microbiota, diabetic peripheral neuropathy 
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Abstract: Objective Emerging evidence indicates the early growth response 1 (Egr1) plays an 

important role in the pathogenesis of chronic pain. However, the regulation of Egr1 expression in 

the DRG and spinal cord in neuropathic pain remains unclear. In the current study, the expression 

of miR-124-3p and Egr1 in the DRG and spinal cord was examined following lumbar 5 spinal nerve 

ligation (SNL) in rats. The role of miR-124-3p in the expression of Egr1 and in the pathogenesis 

of neuropathic pain were verified. Methods The neuropathic pain was conducted by SNL in rats. 

The role of miR-124-3p in Egr1 expression was examined through pain-related behavioral test. 

Immunohistochemistry, Western blotting, qRT-PCR, and dual-luciferase reporter assays were 

performed to investigate the underlying mechanisms. Results Our results showed that the SNL led 

to a significant increase in the expression of Egr1 mRNA and protein in the DRG and dorsal horn. 

This increased expression of Egr1 correlated with a reduction of miR-124-3p in the same region. 

Prior it. injection of Egr1 decoy AYX1 inhibited the expression of Egr1 and attenuated the 

neuropathic pain-like hypersensitivity following SNL. The dual-luciferase reporter assay revealed 

the luciferase activity of the Egr1 3′-UTR plasmid was inhibited by the miR-124-3p agomir. But 

this inhibition was completely reversed in the mutant 3′-UTR Egr1 group. In vivo, the SNL-induced 
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behavioral signs of neuropathic pain and the increases in Egr1 mRNA and protein in the DRG and 

dorsal horn were prevented by prior to i.t. injection of miR-124-3p agomir. While, i.t. injection of 

miR-124-3p antagomir in naïve rats resulted in mechanical allodynia and thermal hyperalgesia and 

an overexpression of Egr1 in the DRG and dorsal horn. Conclusion The miR-124-3p-regulated 

Egr1 expression in the DRG and dorsal horn contributes to the development of neuropathic pain. 

Targeting miR-124-3p might be a promising therapeutic strategy in the treatment of chronic pain.  

Keywords: neuropathic pain, miR-124-3p, early growth response 1, spinal cord, dorsal root ganglia, 

spinal nerve ligation 
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Abstract: Intractable itch associated with specific types of cancer afflict oncologic patients badly, 

few effective treatments are available due to limited knowledge about the mechanisms of such 

chronic itch. Peripheral elements such as interleukins and microRNAs released from malignant 

cells partially interpret the pathogenesis of cancer itch, however, the spinal mechanisms are still 

few studied. To Investigate the roles and mechanisms of sympathetic nerve and spinal glia in the 

formation of cancer itch. We improved the previous established CTCL mouse model by painting 

0.5% DNFB on CD4+ Myla cell inoculation site, then immunohistochemistry, pharmacologically 

neuronal ablation or blockage, and itch behavioral test were conducted with this improved CTCL 

mouse model to investigate the roles of sympathetic nerve and spinal glia in cancer itch. We found 

strong and region-specific glia activation in the spinal middle lateral column where the cell body 

of sympathetic preganglionic neuron located, and sympathetic nerve was involved in regulating the 

glia activation and scratching behavior, and the ablation of sympathetic neurons with 6-OHDA or 

inhibition of glia activation pharmacologically can significantly attenuate itch behavior of mouse 

bearing CTCL. Additionally, we found the pERK signal pathway in glia cell was activated, 

blocking this signal pathway with pERK inhibitor can effectively inhibit cancer itch.  In this study, 

we found sympathetic nerve mediated glia activation involved in the progress of cancer itch, which 

provides us new insight about the mechanism of cancer itch.  

Key words: Cancer itch; microglia; astrocytes; cutaneous T-cell lymphoma; pERK 
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Abstract: Objective Knee osteoarthritis (KOA) is a highly prevalent, chronic joint disorder, and 

it is a typical disease which can develop chronic pain. Our previous study has proved that 

endocannabinoid (2-AG)-CB1R-GABA-5-HT pathway is involved in electroacupuncture (EA) 

inhibiting chronic pain. However, which subtype 5-HT receptor is involved in 5-HT in the dorsal 

spinal cord to participate in EA inhibiting chronic pain is unclear. 5-HT2A is a G protein-coupled 

receptor and involved in 5-HT descending pain modulation system. The present study is to explore 

5-HT2A receptor involved in EA inhibiting chronic pain. Methods KOA was induced by intra-

articular injection of monosodium iodoacetate (MIA) into the left knee joint of mice. Mechanical 

allodynia was quantified using von Frey filaments. The expression of 5-HT2A and GABAA receptors 

and KCC2 were quantified by Western blotting. Results (1) EA treatment at 2 Hz +1 mA 

significantly increased the expression of 5-HT2A receptor in the dorsal spinal cord and intrathecal 

5-HT2A receptor antagonist/agonist reversed or mimicked the analgesic effect of EA. (2) EA 

reversed the reduced expression of GABAA receptor and KCC2 in the dorsal spinal cord of KOA 

mice and intrathecal injection a selective GABAA receptor antagonist Bicuculline reversed the EA 

effect on pain hypersensitivity. (3) Intrathecal 5-HT2A receptor antagonist/agonist reversed or 

mimicked the effect of EA up-regulate the expression of KCC2. (4) Intrathecal injection PLC and 

PKC inhibitors prevented anti-allodynia effect of EA and up-regulation of KCC2 expression by EA. 
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Conclusion EA up-regulated KCC2 expression through activating 5-HT2A-Gq-PLC-PKC pathway 

and enhanced the inhibitory function of GABAA receptor, thus inhibiting chronic pain in a mouse 

model of KOA. 

Keywords: Knee osteoarthritis (KOA); Electroacupuncture analgesia; 5-HT2A receptor; GABAA 

receptor; KCC2 ; Chronic pain 
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Abstract: Objective: In recent years, many studies have shown that AMPK activation can 

significantly improve inflammatory pain and neuropathic pain. In CFA-induced inflammatory pain 

model mice, the purpose of this study was to determine the effect of EA on pain, AMPK activation, 

and expression of IL-1β, iNOS of local inflammatory tissues. We observed the effect of Compound 

C, an AMPK antagonist, on EA analgesia. Methods: The inflammatory pain model was induced 

by subcutaneous injection with CFA into the left hind foot of mice. We carried out pain behavior 

experiment. EA was performed once a day from 2nd to 7th day of CFA-induced inflammatory pain. 

Two hours after EA, we tested mechanical allodynia and thermal hyperalgesia.The phosphorylation 

of AMPK (Thr172) and total protein of AMPK in local inflammatory tissues were detected by WB. 

The protein and mRNA levels of iNOS and IL-1β were detected by WB and qPCR. To observe the 

effect of Compound C on EA, Compound C was injected intraperitoneally 0.5h before EA treatment. 

Results: In CFA-induced inflammatory pain model, EA significantly alleviated the mechanical 

allodynia and thermal hyperalgesia. EA activated AMPK in local inflammatory tissues, and 

inhibited overexpression of Inos and IL-1β induced by CFA. In CFA-induced inflammatory pain 

model, Compound C was administered before EA treatment from 2nd to 7th day, which inhibited 

the analgesic effect of EA. Compound C reversed the effects of EA on activation of AMPK and 
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inhibition of overexpression of iNOS and IL-1β protein and mRNA. Immunofluorescence was used 

to observe the co-localization of iNOS (IL-1β) and macrophages. Conclusions: EA inhibits 

overexpression of iNOS and IL-1β through activating AMPK in local inflammatory tissues to 

alleviate pain. 

Key words: Electroacupuncture; AMPK; inflammatory pain 
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Abstract: In ferrets and cats, a larger number of neurons in V1 are devoted to cardinal (horizontal 

and vertical) orientations than those to the oblique orientations. However, electrophysiological 

results from macaque monkey visual cortex were controversial on this aspect. Both isotropic and 

anisotropic orientation distributions have been reported. It is also unclear whether different visual 

areas along the visual processing have different orientation anisotropies. We analyzed orientation 

maps in a large set of intrinsic signal optical imaging (ISOI) data and found that both V1 and V4 

exhibited significant orientation anisotropies. However, their overrepresented orientations were 

very different: in V1, both cardinal and radial orientations were overrepresented, while in V4, only 
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cardinal bias was presented. These findings suggest that different cortical areas have evolved to 

emphasize different features that suitable for their functional purposes, a factor tha t needs to be 

considered when efforts are made to explain the relationships among the 3 factors: visual 

environment, cortical representation, and perception. 

Keywords: orientation anisotropy | macaque | ISOI | visual cortex 
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Abstract ： Majority of patients with Autism Spectrum Disorder (ASD) have difficulty in 

processing sensory information. Over- or under-reaction to various sensory stimuli in these patients 

suggests the existence of developmental defects in neural circuits of the sensory system. Here we 

report abnormal olfactory sensory responses toward a predator odor in Shank3 mutant mice. Unlike 

wild type mice, Shank3 mutant mice show markedly reduced defensive behavior against 2,5-
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dihydro-2,4,5-trimethylthiazoline (TMT), a fox predator odor. Using fiber photometry and 

electrophysiological recording, we observed reduced synaptic transmission at Cortical Amygdala 

(CoA), a key node that transmits innate olfactory signals. Restoration of Shank3 expression in the 

CoA rescued olfactory innate fear disorder and dysfunction of synaptic transmission in Shank3 

mutant mice. Our findings provide evidence that Shank3 plays an important role in the development 

and function of olfactory neural circuits mediating innate defensive responses. 

Keywords：Autism spectrum disorder, Shank3, olfactory, cortical amygdala, innate fear response 
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Abstract: Although bottom-up attention can improve visual performance with and without 

awareness, whether they are governed by a common neural computation remains unclear. Using a 

modified Posner paradigm with backward masking, we found that both the attention-triggered 

cueing effect with and without awareness displayed a monotonic gradient profile (Gaussian -like). 

The scope of this profile, however, was significantly wider with than without awareness. 

Subsequently, for each subject, the stimulus size was manipulated as their respective mean scopes 

with and without awareness while stimulus contrast was varied in a spatial cueing task. By 

measuring the gain pattern of contrast-response functions, we observed changes in the cueing effect 

consonant with changes in contrast gain for bottom-up attention with awareness and response gain 

for bottom-up attention without awareness. Our findings indicate an awareness-dependent 

normalization framework of visual bottom-up attention, placing a necessary constraint, namely, 

awareness, on our understanding of the neural computations underlying visual attention.  

Keywords: visual bottom-up attention; normalization model; awareness; attention field; gradient 

profile 
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Abstract: Noise exposure can damage the auditory system of most animals, including humans, 

which leads to the noise-induced hearing loss (NIHL), and further impacts behaviors and 
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physiological functions of animals. Although the echolocating bats live in high-intensity noise 

environment, they still can forage and navigate in groups quite successfully relying on auditory 

system, which suggests that echolocating bats are adapted to high-intensity noise environments. 

However, the neural mechanism underlying this adaptation is still unclear. In the present study, we 

firstly recorded the echolocation calls of Hipposideros pratti, the data showed that the dominant 

frequency of H. pratti was 59.3±0.5 kHz. And then, we studied auditory threshold and neural 

responses before and after 120 dB SPL high-intensity noise exposure and sham exposure using 

auditory brainstem response (ABR). The ABR audiogram of H. pratti had two asymmetrical 

sensitive areas, the best frequencies were 14.1±3.9 kHz and 54.4±2.9 kHz, which possibly related 

to the frequencies of social and echolocation calls, respectively. The threshold shifts of 

echolocation frequency sounds after both noise and sham exposure were less than 5 dB even at 2 

min after the exposure (4.6±2.36 vs. 4.5±7.41 dB, p>0.05). The ABR amplitude and latency to 

90 dB SPL echolocation frequency sounds after noise exposure had no significant difference to 

those after sham exposure. Similar to the echolocation frequency sounds, the threshold shifts of 

social frequency sounds were less than 4 dB at 2 min after both noise and sham exposure (2.3±

3.15 vs. 1.6±2.85 dB, p>0.05), the ABR amplitude and latency to 90 dB SPL social frequency 

sounds were also not significantly different after noise and sham exposure. Different from H. pratti, 

the C57 mice exposed to the same niose had significant higher threshold (60.5±13.6 vs. 24.3±9.9 

dB, p<0.001) and lower ABR amplitude (1.002±0.176 vs. 1.222±0.115 μV, p<0.05) to 20 kHz 

sounds compared to sham exposed mice. These results suggest that the neural responses of the 

auditory system enable the H. pratti to adapt to the high-intensity noise environment, and the 

adaptation is potentially related to structural and functional specialization of the inner ear in 

echolocating bats. 

Keywords: Noise induced hearing loss; noise environment; echolocating bats; auditory brainstem 

response; neural mechanism 
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Abstract: Objective Nociceptive information is detected and transmitted by primary sensory 

neurons and satellite glial cells (SGCs) in the dorsal root ganglion (DRG). Recently, single-cell 

RNA-sequencing has revealed the molecular expression pattern of various cell types including 

fibroblasts besides neurons and SGCs in the DRG. However, the role of these cell types in pain 

regulation needs to be further elucidated. The present study is to explore the role of fibroblasts and 

fibroblast-derived secreted modular calcium-binding protein 2 (SMOC2) in the DRG. Methods 

The expression of SMOC2 in DRG neurons was detected by immunostaining and immunoblotting. 

The functions of SMOC2 were studied by behavioral tests and in vivo calcium imaging. Results (1) 

Fibroblasts and their secreted SMOC2 enveloped the unit consisting of DRG neurons and their 

attached SGCs. (2) SMOC2 in the DRG was required for maintaining the basal mechanical 

nociceptive threshold. (3) Loss of SMOC2 led to the increase of coupled activation of adjacent 

DRG neurons induced by noxious mechanical stimuli. (4) SMOC-2 interacted with and suppressed 

satellite glial P2X7 receptor to inhibit the coupled activation of adjacent DRG neurons. (5) 
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Reduction of fibroblast cells and SMOC2 resulted in the disruption of the formation of DRG neuron 

cluster after peripheral inflammation. Conclusion Fibroblast-derived SMOC2 specifically 

suppresses mechanical nociception through inhibiting the communication of adjacent DRG neurons. 

Keywords: SMOC2; fibroblast; mechanical nociception 
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Abstract: Objective Amacrine cells (ACs) are traditionally thought to be either GABAergic or 

glycinergic. Recent single-cell RNAseq data revealed four subtypes of non-GABAergic, non-

glycinergic (nGnG) ACs in mice. Here we deciphered the response characteristic and functional 

circuitry of the type-1 nGnG (nGnG-1) AC. Methods ChAT-ChR2-EYFP mice in which nGnG-1 

ACs specifically express ChR2-EYFP fusion protein were used. Confocal microscopy was 

conducted to determine morphological profiles. Whole-cell patch clamping was performed to 

examine the light response polarity and bipolar/amacrine inputs. Postsynaptic targets were mapped 

by large-scale patch clamping of ganglion cells (GCs) when nGnG-1 ACs were optogenetically 
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excited. Gap junction coupling was determined by neurobiotin iontophoresis. Results nGnG-1 ACs 

exhibited a ~65 μm diameter dendritic field stratifying diffusely across S1–S3 sublaminae of the 

IPL. They are non-spiking neurons resting at ~48 mV in darkness. In an intensity-dependent manner, 

full-field flashes elicited ON-OFF type hyperpolarizing responses, with the ON component blocked 

by L-AP-4 and the OFF component silenced by superimposition of DNQX. Voltage clamp 

recording revealed bicuculline/strychnine-sensitive inhibitory currents at light onset and 

strychnine-sensitive inhibitory currents at offset, suggesting multiple amacrine inputs. Optogenetic 

excitation of nGnG-1 ACs evoked IPSCs in alpha GCs and M1/M2 ipRGCs, but not in ON and 

ON-OFF DSGCs. During GABAergic + glycinergic blockade, such optogenetically evoked IPSCs 

remained, but were partially reduced by the gap junction blocker MFA, a result consistent with the 

observed tracer coupling with glycinergic ACs. Conclusion nGnG-1 ACs are narrow-field cells 

modulating not only image-forming but nonimage-forming visual functions. They directly provide 

unknown chemical synaptic influences on GCs; meanwhile, they activate conventional ACs via 

electrical synapses, thus indirectly inhibiting GCs. 

Key words: mouse, retina, nGnG amacrine cell 
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Abstract: Objective This study aims to investigate the role of HuC and Rbfox1 in colonic 

hypersensitivity of diabetic rats and the regulation effect of HuC on the expression of Rbfox1. 

Methods (1) Intraperitoneal (i.p.) injection of Streptozotocin (STZ; 75mg/kg) in female SD rats 

(180-200g) was used to induce T1DM. (2) The expression of HuC and Rbfox1 in T13-L2 DRGs 

were analyzed by western blotting (WB) and real-time quantitative PCR (RT-PCR), respectively. 

(3) Behavioral ways: Abdominal withdrawl reflex (AWR) responding to colorectal distention (CRD) 

was recorded as colonic sensitivity. (4) Fluorescent-immunohistochemistry (IF) was uesd to detect 

the location of HuC and Rbfox1. (5) The interaction between HuC and Rbfox1 in T13-L2 DRGs 

was detected by RNA-Binding Protein Immunoprecipitation (RIP). Results (1) The expression of 

HuC was increased in T13-L2 DRGs in rats with diabetes. (2) HuC was localized in NeuN positive 

neurons of T13-L2 DRGs in control rats. (3) Intrathecal injection of HuC-shRNA lentivirus 

significantly alleviated colonic hypersensitivity in rats with diabetes. (4）HuC was predicted to 

interact with Rbfox1 mRNA by bioinformatics technology. The RIP result showed that HuC could 

interact with Rbfox1 mRNA.（5）HuC and Rbfox1 were co-localized in NeuN positive neurons 

of T13-L2 DRGs in control rats.（6）The expression of Rbfox1 was upregulated in T13-L2 DRGs 

in rats with diabetes.（7）Intrathecal injection of Rbfox1-shRNA lentivirus significantly alleviated 

colonic hypersensitivity in diabetic rats.（8）The expression of Rbfox1 was downregulated by 

intrathecal injection of HuC-shRNA lentivirus. Conclusion HuC and Rbfox1 in colon-specific 

DRGs were involved in diabetic colonic hypersensitivity. The increased HuC might contribute to 

diabetic colonic hypersensitivity by interacting with Rbfox1 mRNA and upregulating Rbfox1 

expression. 

Keywords: Diabetes; colonic hypersensitivity; Dorsal root ganglion; HuC; Rbfox1 
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Abstract: Objective Complex regional pain syndrome type-I (CRPS-I) is a series of clinical 

syndromes. Clinical drug treatment of CRPS has different degrees of side effects. Resolvin E1, 

which derived from omega-3 fatty acids, is endogenous lipid mediator and transduces potent anti-

inflammatory and analgesic effects through binding it’s receptor chemR23. Many studies have 

found that exercise can relieve CRPS pain, so does exercise play an analgesic effect by increasing 

endogenous analgesics, e.g., RvE1? In this study, we investigated whether endogenous RvE1-

ChemR23 axis mediates exercise-induced analgesia. Methods The CRPS-I model was established 

as chronic pain animal model. High-intensity swimming (HIS) was performed as physical exercise, 

and low intensity swimming (LIS) was performed as control. Mechanical allodynia and heat 

hyperalgesia were tested in the mice. The mRNA expression of inflammatory factors, the activation 

of microglia, and the firing of wide dynamic range (WDR) neurons in spinal cord dorsal horn were 

measured to observe central sensitization of CRPS mice. The content of RvE1 and the expression 

of ChemR23 were detected before and after HIS training. Results (1) CRPS-1 mice exhibited 

central inflammation and central sensitization in the spinal cord. (2) RvE1 and ChemR23 axis was 

downregulated in CRPS mice. (3) HIS but not LIS exercise alleviated pain and central sensitization 

of CRPS mice through up-regulating RvE1-ChemR23 axis. Conclusion Endogenous spinal cord 

RvE1-ChemR23 axis mediates the analgesic effect of HIS exercise on CRPS mice. 
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Abstract: Objective M1-type intrinsically photosensitive retinal ganglion cells (ipRGCs) are 

recently reported to be resistant to early-stage diabetic retinopathy, as evidenced by their unaltered 

survivals, soma-dendritic profiles and melanopsin-based functional activities in mice with 

streptozotocin (STZ)-induced 3-month diabetes mellitus (DM). Here we sought to investigate 

whether and how mouse M1 cells undergo remodeling at advanced stages of DM. Methods 

Experiments were carried out at 12 months after STZ injection. Cell counting and morphology 

reconstruction were done on whole-mount retinas stained with ABC method using a polyclonal 

antibody recognizing melanopsin. Morphometric analysis was conducted with Neurolucida 

software. Melanopsin-driven intrinsic photoresponses, evoked by a series of 480 nm full-field 
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flashes, were probed using multielectrode array recording. Melanopsin expressing levels were 

assessed by quantitative Western blot. Pupillary light reflex (PLR) was recorded using a NeurOptics 

A-2000 pupillometer. Results M1 cells in 12-month DM mice were significantly fewer as compared 

to those in vehicle-injected control mice, suggesting cell death caused by long term hyperglycemia. 

The survived M1 cells exhibited morphological remodeling, manifested by swelling of somata and 

altered dendritic arborization. Meanwhile, melanopsin protein levels were significantly reduced in 

12-month DM mice. In line with this, these mice showed significantly weakened melanopsin-based 

light-evoked spiking. Finally, the sustained component of the PLR, which is known to be driven by 

melanopsin phototransduction, was found significantly impaired in 12-month DM mice. 

Conclusions When exposed to prolonged hyperglycemia, M1 cells are no longer resistant but show 

marked structural-functional remodeling. Disrupted non-image forming vision seen in advanced 

diabetic retinopathy may be attributed to M1 cell dysfunction. 

Keywords: intrinsically photosensitive retinal ganglion cell; diabetic retinopathy; melanopsin;  

retina; mouse 
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Abstract: Objective: Diabetic neuropathic pain (DNP) is a common and devastating complication 

in diabetics. The effective treatment for DNP is lacking due to its vague mechanisms. The 

dysfunction of A-fiber sensory neurons considerably contributes to DNP development and 

maintenance. However, it remains unclear that the mechanism basis underlying the contribution of 

A-fiber sensory neurons to DNP pathogenesis. Results: (1) Orphan G protein-coupled receptor 177 

(GPR177) was mainly expressed in large-diameter A-fiber dorsal root ganglion (DRG) neurons and 

required for DNP development. (2) GPR177 mediated the secretion of WNT5a from A-fiber DRG 

neurons into cerebrospinal fluid (CSF), which was necessary for DNP development and 

maintenance. (3) WNT5a induced neuropathic pain symptoms via activating nociceptive DRG 

neurons and promoting synaptic transmission in spinal dorsal horn. (4) Finally, we confirmed 

GPR177 and WNT5A expression in human DRG neurons. Conclusion: GPR177-mediated WNT5a 

secretion from A-fiber sensory neurons contributes to DNP pathogenesis and may be a potential 

analgesic target in diabetics. 

Keywords: Diabetic neuropathic pain; primary sensory neurons; G protein-coupled receptor 177; 
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Abstract: Cancer-induced bone pain is a complex pain state, which shares distinctive mechanism 

with inflammatory and neuropathic pain. The activation of spinal cord glial cells including 

astrocytes and microglia is considered an underlying mechanism of pathological pain. Previous 

studies suggest that early activated microglia play an important role in the initial stage of chronic 

pain, while sustained astrocytic activation is mainly involved in the development and maintenance 

of chronic pain. However, the mechanism of bone cancer pain are lagging behind due to the lack 

of stable animal models, and the role of glia in cancer pain is highly controversial.  In the present 

study, using a Lewis lung carcinoma-induced bone cancer pain models in mice, we found a 

persistent astrocytic activation in the ipsilateral spinal dorsal horn at 7–28 days. Specific inhibition 

of spinal astrocytes using DREADDs in GFAP-CRE/ERT2 mice not only delayed the onset of bone 

cancer pain but also relieved mechanical allodynia and thermal hyperalgesia in the later phases of 

bone cancer pain. To investigate the mechanisms of spinal astrocytes contributing to bone cancer 

pain in mice, we focused on a pro-inflammatory cytokine interleukin-17A (IL-17A) released by 

astrocytes. We found a notably upregulation of IL-17A in spinal astrocytes and its receptor IL-

17RA was mainly distributed in spinal neurons, including vGluT2 positive excitatory neurons and 

PAX2 positive inhibitory neurons, but rarely expressed in astrocytes.  Knockdown IL-17A in 

astrocytes, systemic ablation Il17a expression using IL17aCre mutant mice or intrathecal injection 

of IL-17A neutralizing antibody can effectively relieve thermal hyperalgesia and mechanical 

allodynia induced by bone cancer. Knockdown of IL-17RA in spinal excitatory and inhibitory 
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neurons, respectively, alleviates thermal hyperalgesia. These results suggest IL-17A and IL-17AR 

mediated glia-neuron interaction, which participates in the spinal central sensitization of bone 

cancer pain. Our study provides a new perspective in understanding the astrocytic / neuronal 

mechanism underlying bone cancer pain. IL-17A, as an important signaling molecule, mediates the 

functional regulation of astrocytes on neurons and may be a promising target in clinical cancer pain 

management. 

Key words: Bone cancer pain; Astrocytes; Interleukin-17A; neuron-glial interaction; Spinal dorsal 

horn 
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Abstract: Objective Glucagon-like-peptide 1 (GLP-1) is expressed in retinal neurons and has 

potential neuroprotective effects on retinal neurodegeneration in diabetic retinopathy. However, 

the neuroprotective mechanisms are still largely unknown. This study is to explore the alteration of 
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L-type Ca2+ currents (ICa,L) in diabetic rat retinal ganglions cells (GCs), and whether and how GLP-

1 receptor (GLP-1R) activation plays a neuroprotective role by modulating Ca2+ channels on the 

GCs. Method Diabetes was induced by intraperitoneal injection of streptozocin (STZ) in SD rats. 

GLP-1 mRNA level was examined by quantitative RT-PCR. Whole cell patch-clamp techniques 

were used to investigate the effects of exendin-4 (Ex-4), a GLP-1R agonist on ICa,L in freshly 

dissociated GCs. Results In rat retinas 4 weeks after the onset of STZ-induced diabetes, GLP-1 

mRNA level was significantly reduced, whereas ICa,L densities of GCs were increased. Ex-4 topical 

administration by eye drops attenuated ICa,L densities in diabetic GCs. Whole-cell recording showed 

that Ex-4 suppressed ICa,L of GCs and the effect was reversed by GLP-1R antagonist. Intracellular 

dialysis of GDP-β-S or pre-incubation with the Gsα inhibitor NF-449 abolished the Ex4-induced 

suppression. The Ex4 effect was mimicked by the application of 8-Br-cAMP, but was eliminated 

by the PKA inhibitors Rp-cAMP/H-89. Ex-4 increased intracellular Ca2+ levels and the effect was 

eliminated by H-89. Furthermore, the Ex-4 effect was abolished when the activity of calmodulin 

(CaM), calcineurin and protein phosphatase 1 (PP1) was blocked with W-7, FK-506 and okadaic 

acid, respectively. Conclusion Activation of GLP-1Rs in retinas suppressed ICa,L through a distinct 

Gs/cAMP-PKA/Ca2+/CaM/Calcineurin/PP1 signaling pathway, which could lead to the loss of 

hyperexcitability of GCs and prevent retinal neurodegeneration in diabetic retinopathy. 

Keywords: diabetic retinopathy; GLP-1 receptor; exendin-4; retinal ganglion cell; L-type Ca2+ 

current 
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Abstract: Objective Neuropathic pain, a common and intractable chronic disease, leads to 

considerable burdens for patients and world health care system. However, its underlying 

mechanisms remain poorly understood. The new drugs are urgently required to be developed on 

clinical treatment. Circular RNA has been a research hotspot in recent years. Its stability and 

conservation can be used as biomarkers to provide new ideas for drug discovery, which is essential 

for understanding the genetic mechanism behind the pathogenesis of neuropathic pain. Results 

Spinal nerve ligation (SNL) induced rapid and persistent pain hypersensitivity, characterized by 

mechanical allodynia and heat hyperalgesia. Forty-five ICR mice were randomly divided into three 

groups, Naive, SNL-3day and SNL-10day, with 15 mice in each group. The samples of L5 spinal 

nerve were harvested, and these tissues of 5 mice in one group were mixed into one sample. Three 

replicates in each group were set for circular RNA sequencing. After statistical analysis 

(fold_change=2, P=0.05), 467 and 452 differentially expressed (DE) circular RNAs were finally 

identified at 3 days and 10 days after SNL, respectively, indicating that they are involved in the 

occurrence or maintenance of pain, which are important pathogenic mechanisms underlying 

neuropathic pain. Eighty-three DE circular RNAs at 3 and 10 days after SNL have the same trend. 

Among them, 32 circular RNAs have conserved sequences in humans. We randomly selected 8 

conserved circular RNAs, and verified their expression patterns and ring structures through 

quantitative PCR analysis and sequence cloning. GO analysis and KEGG functional annotation of 

the parental genes of differentially expressed circular RNAs were performed, which is related to 

calcium ion signaling channel, phospholipase D signaling pathway, MAPK signaling pathway, 

glutamatergic synaptic signaling pathway, glycerides and glycerophospholipid metabolism, and 

other typical signaling pathways that have been reported related to neuropathic pain. Conclusion 

Our findings uncovered the expression pattern of circular RNAs in the mice spinal cord under 

neuropathic pain condition. These circular RNAs may represent new therapeutic targets for the 

treatment of neuropathic pain. Further studies will be carried out to reveal how these circular RNAs 

play a competitive endogenous regulatory role in the occurrence and maintenance of pain.  

Keywords: Circular RNA, Spinal cord, Spinal nerve ligation, Neuropathic pain 
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Peripheral antinociception of oxytocin via an upregulation of 

neural OXTR in DRGs in male CIPN mice 

 

Absract: Background: Chemotherapy-induced peripheral neuropathic pain (CIPN) is a major 

limiting factor a⁎ecting cancer patient with no effective treatment currently. Oxytocin (OT) is an 

importance hormone in pregnancy and labor which is extensively synthesized in the paraventricular 

nucleus and supraoptic nucleus of the hypothalamus. OT has been reported to be analgesic when 

administered directly into the brain, the spinal cord, or systemically in many pain animal models. 

However, whether OT can relieve CIPN and the underlying molecular mechanisms remains unclear.  

Methods: In this study, paclitaxel was used to establish CIPN. Then, we used the hot plate, Von 

Frey test to evaluate the thermal hyperalgesia, mechanical allodynia. Protein expression of oxytocin 

receptor (OTR) in dorsal root ganglion (DRG) were assayed by in situ hybridization and western 

blotting. Electrophysiological recordings of sEPSC frequency and voltage-gated sodium 1.7 (Nav 

1.7) were performed. 

Results: The present study demonstrated that OT administration systemically has no analgesic 

effect on naïve mice but can improve the pain behavior induced by paclitaxel on day 14. And the 

OTR expressions on DRG were significantly upregulated by paclitaxel. Furthermore, OT reduced 

the excitability and blocked the Nav channels of dorsal root ganglion (DRG) neurons from 

paclitaxel- induced neuropathic pain mice.  

Conclusions: These findings suggest that the analgesic effect of OT may be achieved by the OTR 

in DRG which were upregulated by paclitaxel. Further studies on neuronal OT e⁎ects in 

neuropathic are needed to understand probable mechanisms of OT e⁎ects in chronic pain. 
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Abstract: Objective Starburst amacrine cells (SACs) play important roles in the development of 

visual circuits by initiating and propagating retinal waves. Meanwhile, the key neuromodulator 

dopamine (DA) is synthesized and released by dopaminergic amacrine cells (DACs). The release 

of retinal DA appears to be regulated by cholinergic retinal waves during development. However, 

it is unknown whether cholinergic retinal waves trigger DACs to generate spontaneous activity. 

The present study is to examine spontaneous activity of DACs in the developing mouse retina and 

to identify possible input from SACs to DACs during cholinergic waves of activity. We al so 

examine whether DA has a feedback regulation on SACs during development. Methods Whole-

cell current-clamp recordings were performed from fluorescence-labeled DACs and SACs in flat-

mount retinas isolated from mice from postnatal day 6 to day 7. Results DACs exhibited large 

spontaneous rhythmic membrane depolarizations with a rate of 0.70 ± 0.04 events/min (n = 8, mean 

± SEM). The spontaneous depolarizations of DACs were separated by extended periods of sparse 

subthreshold potentials. Application of nicotinic acetylcholine receptor (nAChR) antagonist 

completely eliminated DACs’ spontaneous activity. Specifically knocking out nAChRs in SACs 

abolished the DAC activity during the cholinergic waves. Furthermore, perfusion of DA 

significantly increased the depolarization frequencies of SACs. Conclusion Our data show that 

spontaneous rhythmic depolarizations of DACs appear to be driven by cholinergic retinal waves. 
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The results suggest that in the developing retina, a reciprocal communication between SACs and 

DACs has been established to jointly regulate the development of the retina.  

Keywords: Cholinergic amacrine cells, dopaminergic amacrine cells, electrical activity, retinal 

waves, developing retina. 
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Abstract: Objective Irritable bowel syndrome (IBS) is a common functional gastrointestinal 

disease charactered with chronic visceral hyperalgesia. The pathogenesis of IBS-induced chronic 

visceral hyperalgesia remains unclear. The aim of this study is to investigate the role and 

mechanisms of Rab27a-mediated exosome secretion in a chronic visceral hyperalgesia mouse 

model. Methods Pups of male mice in neonatal maternal deprivation (NMD) group were separated 

from the maternity cages and placed in isolated cages for 3 h daily from postnatal days 2–15. 

Chronic visceral hyperalgesia was assessed by colorectal distention (CRD) threshold . Exosomes 

were extracted using ultracentrifugation method and quantified by Western blotting and 

Immunofluorescence. The expression of Rab27a were detected by Western blotting, Real-time 
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quantitative PCR and Immunofluorescence. Results (1) NMD can induce chronic visceral 

hyperalgesia in adult mice; (2) The protein expression of CD81, CD9 and CD63 (markers of 

exosome) in anterior cingulate cortex (ACC) of NMD mice was obviously upregulated compared 

with that in age-matched normal mice; (3) Inhibition of exosome secretion by intracerebral 

injection of GW4869 markedly increased the CRD threshold of NMD mice; (4) The expression of 

Rab27a in ACC of NMD mice were clearly enhanced on both mRNA and protein level than in age-

matched normal mice; (5) Knockdown of Rab27a by intracerebral injection of siRNA-Rab27a into 

ACC remarkedly elevated the CRD threshold of NMD mice. Conclusion These results suggest that 

upregulated Rab27a in ACC contributes to the chronic visceral hyperalgesia of NMD mice, which 

might be mediated by the increased secretion of exosomes. This study provide a potential 

therapeutic target in clinical treatment for chronic visceral hyperalgesia such as IBS. 

Keywords: Rab27a; Exosome; Chronic visceral hyperalgesia; anterior cingulate cortex 
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Abstract: Background & Aim: Chronic visceral pain is a common pathogenic feature of irritable 

bowel syndrome (IBS) and other clinical diseases. However, the pathogenesis of chronic visceral 

pain is still unclear. The purpose of this study was to determine the role of the thalamic nucleus 

reuniens (Re) in the chronic visceral pain of mice induced by neonatal maternal deprivation (NMD).  

Methods: Patch clamp recording on brain slice was used to detect neuronal excitability and 

synaptic transmission in Re. Colorectal dilatation (CRD) threshold and electromyogram (EMG) 

recording was used to assess the chronic visceral pain. In vivo optogenetics technology was used 

to evoke or inhibit the neuron activity in Re. 

Results: (1) NMD caused a clearly increased expression of c-fos in Re of adult mice. (2) The neural 

excitability and the frequency of sEPSCs in Re was obviously enhanced in NMD mice compared 

with control mice. (3) Inhibition of excitatory neuron in Re of NMD mice infected by AAV-CamKII

α-NpHR by yellow laser stimulation markedly reduced the area under the EMG curve induced by 

CRD. (4) The area under the EMG curve in control mice was remarkedly increased when blue laser 

evoked the excitatory neuron in Re of NMD mice infected by AAV-CamKIIα--ChR2. 

Conclusions: Our results suggest that glutamate neurons in Re are involved in chronic visceral 

pain of NMD mice. This might be a novel mechanism of central sensitivity in chronic visceral pain 

and provide potential target for clinical treatment. 

Keywords: Chronic visceral pain; thalamic nucleus reuniens; Synaptic transmission; Optogenetics 
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Abstract: Objective Photoreceptor degeneration diseases, such as retinitis pigmentosa and age-

related macular degeneration, are major causes of blindness. The present study aimed to evaluate 

the performance of Au nanoparticle-coated titania (Au@-TiO2-x) nanowire (NW) arrays as artificial 

photoreceptors to restore image-forming vision in photoreceptor-degenerated non-human primates 

with photoreceptor degeneration. Methods Color fundus photography, autofluorescence images, 

red free fundus photography and optical coherence tomography were examined at 4 days, 3 weeks, 

4 weeks, 6 weeks and 8 weeks after implantation. Visually-guided saccade test was performed in 

NW arrays implanted macaque monkeys. Results We implanted NW arrays subretinally in 

perifovea region of macaque monkeys. Color fundus photographs and OCT showed that the NW 

arrays stayed in place and were in close contact with the retina. Red free fundus photography sowed 

no vascular abnormality in retina and surrounding tissue after NW arrays implant. Since NW arrays 

generate photocurrent upon UV, blue and green, but not red light, we used red LED to map out the 

corresponding visual field with photoreceptor degeneration caused by NW arrays implant. The test 

results showed that the response of retina to red light stimuli in the implanted area gradually 

decreased within 2 months after implantation of NW arrays, indicating that photoreceptors 

degeneration had occurred in the region implanted with NW arrays. When the light intensity was 

107 μW·mm-2, the mean hit rates elicited by blue and UV light were over 70%, which was 

significantly higher than that of red light stimulation. Conclusion Au@-TiO2-x NW arrays restore 

visual response in photoreceptor-degenerated monkeys as a retinal prosthesis, demonstrated the 

possibility to utilize nanomaterials as artificial photoreceptors to ameliorate visual deficits of 

patients with photoreceptor degeneration. 

Keywords: vision restoration, nanowire arrays, retinal prosthesis, non-human primate, visually-

guided saccade 
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Abstract: A tool usually corresponds to a specific action. Therefore, although other objects such 

as animals and faces mainly activate the ventral stream, tool images activate both the ventral visual 

stream mediating object recognition and the dorsal visual stream mediating object manipulation, 

which made tools as an optimal object category to explore the interactions between the two visual 

streams. However, because most of tools are elongated, it is possible that some of the tool-related 

effects just reflect the characteristic shape (i.e., elongated shape) of tools. Here, we investigated 

the temporal evolution of the shape and “toolness” representation of tools using 

electroencephalography (EEG) when visual stimuli were visible, or made invisible using backward 

masking (BM) or continuous flash suppression (CFS). We found that when the images were visible, 

the shape-related representation appeared early (98 ms) and lasted long, whereas the tool-related 

representation appeared late (after 354 ms) but widespread. In the BM condition, only shape-related 

representation was observed. In the CFS condition, we observed an early (60 ms) tool-related 
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representation at the parietal and frontal electrodes, and a relatively late (329 ms) representation of 

shape at the occipital electrodes. Overall, we provide evidence that not only the elongated shape of 

tools, but toolness, the sematic or conceptual character of tools, can be processed unconsciously in 

CFS, whereas only shape, but not toolness, can be represented in BM. Our results help to resolve 

the previous disputes as to whether or not the tool effects could be attributed to its elongated shape.  
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Abstract: Objective: To study the acetylcholine and its different muscarinic receptors in primary 

sensory neurons in a mouse model of psoriasis induced by imiquimod (IMQ) with chronic pruritus, 

focusing on the role of M receptors in sensory transmission of chronic itch and its downstream 

mechanisms. Methods: Apply 0.05% IMQ to the neck and back of male C57BL/6N mice for 5 
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consecutive days to establish a psoriasis mouse model of itch. Detect the changes of cholinergic 

system related indicators in primary sensory neurons to determine the role of cholinergic system in 

primary sensory neurons in chronic pruritus in psoriasis. Intrathecal injection of different 

muscarinic receptor-specific antagonists, observation of mouse behavior and supplemented by 

molecular methods to determine the role of different muscarinic receptors in the sensory 

transmission of chronic itch. Transgenic mice, molecular and pharmacological techniques were 

used to clarify the role of different non-selective cation channels in the transmission of chronic itch 

in primary sensory neurons. Antagonize phospholipase C (PLC), protein kinase C (PKC), protein 

kinase A (PKA), and Gβγ downstream of muscarinic receptors to identify the effects of 

acetylcholine-mediated chronic itch downstream pathway. Results: The IMQ mouse model on the 

back of the neck showed psoriasis-like skin lesions with significantly increased scratching behavior. 

The number of cholinergic-positive neurons in the primary sensory neurons of mice in the model 

group increased, and antagonizing the cholinergic system could relieve itch in mice. Intrathecal 

injection of M3 and M5 antagonists can reduce the itch behavior of mice in the model group. After 

Trpa1-/- transgenic mice were modeled, compared with wild-type mice, the itch behavior was 

reduced. PLC antagonist U-73122, PKC antagonist GF109203X and Gβγ antagonist Gallein can 

significantly alleviate the itch behavior of the imiquimod model group. Conclusion: In a mouse 

model of chronic itch induced by IMQ, acetylcholine binds to muscarinic receptor M3 and 

muscarinic receptor M5 to activate downstream PLC, PKC and Gβγ, and then activate TRPA1 in 

DRG, which mediates chronic itch behavior 

Key words: primary sensory neurons; Muscarinic receptor; itch; psoriasis; TRPA1 
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Abstract: In the olfactory bulb (OB), olfactory information represented by mitral/tufted cells 

(M/Ts) is extensively modulated by local inhibitory interneurons before being transmitted to the 

olfactory cortex. While the crucial roles of cortical vasoactive intestinal peptide-expressing (VIP) 

interneurons have been extensively studied, their precise function in the OB remains elusive. Here 

we identify the synaptic connectivity of VIP interneurons onto mitral cells (MCs) and demonstrate 

their important role in olfactory behaviors. Optogenetic activation of VIP interneurons reduced 

both spontaneous and odor-evoked activity of M/Ts in awake mice. Whole-cell recordings revealed 

that VIP interneurons decrease MC firing through direct inhibitory synaptic connections with MCs. 

Furthermore, inactivation of VIP interneurons leads to increased MC firing and impaired olfactory 

detection and odor discrimination. Therefore, our results demonstrate that VIP interneurons control 

OB output and play critical roles in odor processing and olfactory behaviors. 

Key words: VIP interneurons, mitral/tufted cells, mitral cells, optogenetics, odor discrimination  
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Abstract: Controlling sensory input has long been a major topic of study in sensory neuroscience, 

as the most crucial method for quantitative and qualitative study. However, differ from visual and 

auditory sense, an acknowledged limitation of olfactory research is the lack of technologies for 

achieving precise and controllable odor stimulation, because odor availability, or the concentration 

or amount of odor presented for olfaction cannot be validated and quantified. Quantitative methods 

for odor delivery in a controlled way are therefore needed to understand how odors are perceived 

and communicated. Here, we developed a new technology to produce a precise, controllable odor 

delivery method that can be portable in free-moving animals. Additionally, in vivo 

electrophysiology could be recorded synchronously by using this device, and the solenoid valves 

that control the odor reagents can be switched on and off in a short-latency period coupling with 

inhalation without any spatial limitation.  

Key words: odor delivery, olfactory, inhalation-coupled, in vivo electrophysiology 
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Abstract: Background Brains could process sensory information, like visual and auditory inputs, 

to perceive time and space. However, the representation of timing in the human brain in the range 

of the seconds to decasecond is less understood. Previous studies suggested that neural activities 

of certain regions and theta, alpha oscillations were involved in time perception with non-invasive 

technologies. Here, we used SEEG to monitor brain electrical activity with nucleus-level spatial 

resolution and millisecond temporal resolution. To further manipulate activity of a certain region, 

we conducted a synchronization-and-continuation behavioral experiment in mice using optogenetic 

tools. Methods (1) Intracortical SEEG recordings from ten epileptic patients were used in this study. 

Power, inter-trial phase clustering and inter-site clustering were analyzed across different brain 

regions to investigate which one was involved in time perception and whether there was correlation 

between two brain regions. (2) Optogenetic tools were used to active or suppress neural activity in 

mice, combined with in vivo electrophysiology recording and in vivo cell attach to explore the 

correlation between neural activity and prediction behavior and the sequential firing in prediction 

behavior. Results (1) Increased alpha-band power in visual cortex precedes time prediction 



The 14th Annual Meeting of Chinese Neuroscience Society 

 

behavior in humans. (2) Enhanced low frequency phase synchrony in visual cortex during time 

prediction in humans. (3) Interval-timing prediction is correlated with entrained activity in V1 in 

mice. (4) Entrained activities in V1 are necessary for interval timing predictive behavior in mice. 

(5) Spike activities in entrained neurons in V1 exhibit dynamic changes in mice. (6) Population 

firing in V1 replayed in prediction window. Conclusion Visual cortex is involved in processing 

timing information. Our work reveals how localized oscillations occurring in the seconds to deca -

seconds range relates timing information in the external world to guide behavior.  

Keywords: Visual cortex; time prediction; SEEG; entrain; optogenetics 
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Abstract: NrCAM, a neuronal cell adhesion molecule in the L1 family of the immunoglobulin 

super-family, is subject to extensive selective splicing and involved in neurodevelopment and 

certain diseases. We have previously found the alternative splicing of exon 10 in dorsal root 

ganglion (DRG) by a RNA sequencing analysis. Here, we will report the effect of an antisense 

oligonucleotide (ASO) that specifically targeted exon 10 of Nrcam gene (Nrcam ASO) on neurite 

outgrowth of DRG neurons by in vitro DRG neuronal culture and on pain hypersensitivities in 

neuropathic pain models in mice. In in vitro experiment, by immunostaining DRG neurons with 

different DRG markers, we found that Nrcam ASO significantly reduced neurite lengths in 

neurofilament 200-, calcitonin gene–related peptide and isolectin B4–positive neurons in primary 

DRG neuronal culture. In in vivo experiments, spinal or sciatic nerve injury caused the differential 

expression of two splicing variants of Nrcam, the increase of Nrcam+10 and the decrease of Nrcam-

10, in the injured DRG in mice. Either DRG microinjection or intrathecal injection of Nrcam ASO 

attenuated spinal nerve ligation (SNL)-induced the development of mechanical allodynia, thermal 

hyperalgesia, or cold allodynia. Nrcam ASO also relieved SNL- or chronic compression of DRG 

(CCD)-induced the maintenance of pain hypersensitivities in male and female mice. Moreover, 

Nrcam ASO activates epidermal growth factor receptor, which has previously demonstrated to play 

a role in neuropathic pain development, may mediate the effect of Nrcam ASO on neurite outgrowth 

of cultured DRG neurons and on pain hypersensitivities in mouse neuropathic pain models. These 

results suggest that Nrcam ASO targeting Nrcam exon 10 may serve as a potential therapy for nerve 

regeneration and neuropathic pain.  

Keywords: NrCAM; antisense oligonucleotides; neuropathic pain; neurite outgrowth; alternative 

splicing; dorsal root ganglion. 
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Abstract: Objective Neuropathic pain is chronic pain caused by sensory nervous system injury but 

lacks effective treatment. The nuclear factor of activated T-cells (NFATs) is a family of 

transcription factors with critical physiological functions. This study aimed to analyze the role and 

mechanism of NFAT1 in neuropathic pain. Methods The SNL model was used to induce 

neuropathic pain in mice. Von Frey and Hargreaves tests were utilized to measure mechanical and 

thermal allodynia. The expression of IBA-1, pp38, and GFAP in the spinal cord was investigated 

via immunofluorescence. qRT-PCR was used to detect the mRNA level in the spinal cord of WT 

and Nfat1-/- mice after SNL. Microarray was used to detect gene expression profiles in the spinal 

cord of WT and Nfat1-/- mice after SNL. The luciferase report assay was applied to test the effect 

of NFAT1 on the transcriptional activity of downstream genes. Results (1) The expressions of 

NFAT1 were persistently upregulated in spinal microglia up to 4 weeks after SNL, which was 

regulated by TET2-mediated DNA demethylation. (2) The expression of IBA-1, pp38 was inhibited 

by knockout of Nfat1, while the expression of GFAP was not different between the WT and Nfat1-

/- mice after SNL. (3) Global and conditional Nfat1 knockout decreased SNL-induced upregulation 

of IBA-1 and pp38 in the spinal cord microglia. (4) Intrathecal injection of Nfat1 siRNA attenuated 

the mechanical and thermal hyperalgesia induced by SNL. (5) Microarray showed that Nfat1 
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knockout down-regulates many microglial pro-pain genes, including Aif1, Itgam, Cx3cr1, Csf1r, 

P2rx4, P2ry12, Bdnf, Tnf, Il1b, Irf5 and Irf8. (6) The luciferase report assay showed that 

overexpression of NFAT1 directly promoted the transcription of Tnf, Il1b and Itgam. Conclusion 

SNL increases the expression of Nfat1. NFAT1 promotes activation of microglia via altering the 

gene expression profile of the spinal cord. Therefore, inhibition of NFAT1 signaling may attenuate 

neuropathic pain through decreasing microglial activation. 

Keywords: NFAT1, microglial cells, neuropathic pain 
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Abstract: Neuropathic pain is a major health problem that affects up to 7-10% of the population 

worldwide. Currently, neuropathic pain is difficult to treat due to its elusive mechanisms. Here we 

report that orphan G protein-coupled receptor 151 (GPR151) in nociceptive sensory neurons 

controls neuropathic pain induced by nerve injury. GPR151 was mainly expressed in 

nonpeptidergic C-fiber dorsal root ganglion (DRG) neurons and highly upregulated after nerve 

injury. Importantly, conditional knockout of Gpr151 in adult nociceptive sensory neurons 

significantly alleviated chronic constriction injury (CCI)-induced neuropathic pain but did not 

affect basal nociception. Moreover, GPR151 in DRG neurons was required for CCI-induced 

neuronal hyperexcitability and upregulation of colony-stimulating factor 1 (CSF1), which is 

necessary for microglial activation in the spinal cord after nerve injury. Mechanist ically, GPR151 

coupled with P2X3 ion channels and promoted their functional activities in neuropathic pain. 

Knockout of Gpr151 suppressed P2X3-mediated calcium elevation and spontaneous pain behavior 

in CCI mice. Conversely, overexpression of Gpr151 significantly enhanced P2X3-mediated 

calcium elevation and DRG neuronal excitability. Furthermore, knockdown of P2X3 in DRGs 

reversed CCI-induced CSF1 upregulation, spinal microglial activation, and neuropathic pain. 

Finally, the co-expression of GPR151 and P2X3 was confirmed in small-diameter human DRG 

neurons, indicating the clinical relevance of our findings. Together, our results suggest that 

GPR151 in nociceptive DRG neurons plays a key role in the pathogenesis of neuropathic pain and 

could be a potential target for treating neuropathic pain. 

Keywords: GPR151; P2X3 ion channel; microglia; dorsal root ganglion; Neuropathic pain 
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Abstract: Multisensory integration plays an important role in animal cognition. Previous studies 

have always focused on other sensory modalities, but less on olfactory and auditory integration. 

Here, we studied the integrated pattern of neurons in olfactory brain regions in awake head-fixed 

mice, and performed in vivo electrophysiological recording in the olfactory bulb (OB) and lateral 

entorhinal cortex (LEC). Paired odors and sounds were given to mice randomly. We observed that 

neurons in these two brain regions responded to olfactory, auditory and both stimuli, respectively. 

Furthermore, sounds decreased the neural responses evoked by odors, including excitatory and 

inhibitory responses. We also verified that LEC received direct inputs form auditory system 

especially the primary auditory cortex and medial geniculate body by using retrograde tracing virus. 

This morphological finding indicated that multisensory integration of olfaction and audition may 

be a result of regulation in neural circuit levels. Studies of the integrated pattern of neurons to 

multiple sensory stimuli expand the content of multisensory integration pattern, and shed a new 

light on the olfactory or auditory treatment of patients with multisensory disorders. 

Keywords: multisensory integration; olfactory bulb; entorhinal cortex; in vivo electrophysiology 
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Abstract: Objective Type II vesicular glutamate transporter, namely VGLUT2 plays an important 

role in the transmission and processing of sensory and nociceptive information. However, the exact 

role of VGLUT2 in neuropathic pain is still needed to be determined. The present study is to explore 

the changes of VGLUT2 expression in different types of spinal C fibers in Ceftriaxone (Cef) treated 

CCI rats, and the modulation relationship between VGLUT2 and GLT-1. Methods Pain behavior 

test was used to observe changes of pain threshold. Double immunofluorescence assay was used to 

observe changes of VGLUT2 in different types of C fiber. Western blot was used to observe 

changes of VGLUT2 and GLT-1 expression. Results After CCI, with the development of chronic 

neuropathic hyperalgesia, the expression of GLT-1 was down-regulated and the expression of 

VGLUT2 in IB4 positive and CGRP positive C fiber terminals was increased. After intraperitoneal 

injection of Cef, the chronic neuropathic hyperalgesia of CCI rats was alleviated, the expression of 

GLT-1 in spinal dorsal horn was up-regulated, and the expression of VGLUT2 in IB4 positive and 

CGRP positive C fiber terminals was decreased. GLT-1 AS-ODNs inhibited the effect of Cef on 

up-regulation of GLT-1 and down-regulation of VGLUT2 in IB4 positive and CGRP positive C 

fiber terminals in CCI rats. Conclusion Cef plays an anti-nociceptive role via up-regulating GLT-

1 expression, and sequentially down-regulating the expression of VGLUT2 in IB4 positive C fiber 

terminals and CGRP positive C fiber terminals. 

Keywords: Ceftriaxone; VGLUT2; GLT-1; Neuropathic pain; C fiber; Rats 
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Abstract: Objective Photoreceptor degeneration diseases, such as retinitis pigmentosa and age-

related macular degeneration, are major causes of blindness. Here we evaluate the performance of 

Au nanoparticle-coated titania (TiO2-x) nanowire (NW) arrays as artificial photoreceptors to restore 

image-forming vision in blind mice with photoreceptor degeneration. Methods (1) Capable of 

detecting static, moving and flashing objects were assessed by in vitro patch-clamp recording of 

retinal ganglion cells and choice-box-based mice behavioral paradigm after NW array implantation. 

(2) To examine visual acuity and contrast sensitivity in NW arrays-implanted blind mice, we 

conducted an optomotor test. (3) We conducted long-term two-photon calcium imaging in vivo to 

investigate whether NW arrays elicited reliable light responses in the primary visual cortex (V1) 

neurons over a long period of time and measure the size of the receptive field in V1 neurons of 

NW-implanted blind mice. Results (1) We first demonstrated that blind mice with the subretinal 

implant of NW arrays were capable of detecting static, moving and flashing objects, with (2) a 

visual acuity of 0.3 cpd, measured up to 9 months after the implant surgery. (3) Using chronic in 

vivo calcium imaging, we continuously monitored light-induced responses of neurons in V1 in NW-

implanted blind mice for over 14 weeks. Light responses of V1 neurons first appeared at 2 days 

after the surgery and the number of light-responsive V1 neurons peaked 1 week after the implant 

surgery, and the latency of these responses decreased over time. Conclusion These results 

collectively suggested the plasticity and improvement in the encoding of visual information in V1 

after NW implant surgery. Our findings demonstrated the possibility to utilize nanomaterials as 

artificial photoreceptors to ameliorate visual deficits of patients with photoreceptor degeneration.  

Keywords: Photoreceptor degeneration diseases; nanowire arrays; artificial photoreceptors; 

plasticity in visual function 
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Abstract: Sneezing is a coordinated protective reflex, which occurs due to the irritation of the 

upper respiratory airway, particularly the nasal cavity. The physiological significance of the 

sneezing reflex is to exclude irritants and allergens from upper respiratory tract, which is crucial 

for maintaining the body health. Although sneezing is common in our daily life, the neural 

mechanism of the sneezing reflex remains largely unknown. The trigeminal ganglion is a key node 

for facial sensory processing, which also participates in processing the sneezing reflex. With newly-

established sneezing paradigms, we explored the possible roles of different neuronal types of 

trigeminal ganglia in mediating the sneezing reflex, aiming to decipher the peripheral molecular 

and cellular mechanisms of sneezing. Moreover, we will also elucidate the similarities and 

differences of neural mechanisms underlying sneezing reflex versus those underlying pain and itch, 

which could provide a framework for further understanding the processing of nasofacial sensory 

information. Our study will provide potential therapeutic targets for clinical treatment of abnormal 

sneezing, and has important theoretical significance and clinical value. 
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Abstract: Objective Myocardial ischemia (MI) causes somatic referred pain and sympathetic 

hyperactivity. However, interactions between somatic referred pain and sympathoexcitation and 

their function during the pathology remain unclear. Sympathetic-sensory coupling in dorsal root 

ganglion (DRG) has been extensively studied in pain, whether the coupling being developed in 

cardiac referred pain is partially understood. Therefore, the present study aims to explore the role 

of sensory inputs from cardiac referred pain area in cardioprotective regulation and the interaction 

between sensory inputs and cardiac sympathetic overdrive during myocardial ischemia. Methods 

Evans blue and electronic Von Frey were used to explore somatic referral hypersensitive area in 

MI model rats.; Electrophysiological recording of super cervical cardiac nerve was used to study 

the interaction between referred hyperalgesia inputs and cardiac sympathetic overdrive; 

immunofluorescence technique and western blot were used to observe sympathetic -sensory 

coupling in referred skin and DRG; Echocardiography was performed to evaluate cardiac function. 

Results (1) Neurogenic inflammation and referred somatic mechanical hypersensitivity at C6 -T6 

somite after MI; (2) MI induced sympathetic fibers sprouting and sympathetic-sensory coupling in 

DRG and referral skin; (3) Sensitized inputs from referral skin area augmented cardiac sympathetic 

nerve hyperactivity; (4) α2AR activation-mediated sympathetic-sensory coupling in DRG and 

referral skin was involved in the self-regulation of cardiac function. Conclusion Sensory inputs of 
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referral pain initiates cardioprotective regulation under MI via peripheral α2AR mediated 

sympathetic-sensory coupling. 

Keywords: Sympathetic-sensory coupling; Somatic stimulation; Referred pain; Hyperalgesia; 

Cardioprotection 
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Abstract: Objective Cognitive impairment is one of the most common complications associated 

with chronic pain. Almost 20% of chronic pain patients suffer from cognitive impairment, which 

may substantially influence their quality of life. However, the mechanisms underlying comorbidity 

of neuropathic pain and memory dysfunction are still unknown. Methods In this study, using a 

chronic constriction injury of the sciatic nerve (CCI) model, we investigated the cognitive function 

of model mice by novel object recognition, Morris water maze and Y-Maze tests. Also, rotarod test 

and Hargreaves test were used to evaluate the motor function and pain hyperalgesia. Results 
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Thermal hyperalgesia developed within 3 days after CCI and persisted for at least 4 weeks in 

ipsilateral hindpaw. Impaired motor skill is also implicated at one week and maintained for 4 weeks 

following CCI. Recognition deficits including working memory and spatial memory occurred in 4 

weeks but not in 2 to 3 weeks after CCI. Sham mice did not appear the above functional impairment. 

Conclusion These results suggest that nerve injury-induced chronic pain may time-dependently 

impair cognitive function, and further mechanism research is required.  

Keywords: Neuropathic pain; Cognitive impairment; Chronic constriction injury; Mice 
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Abstract: Objective Itch evoked repeated, excessive scratching behavior severely damages the 

tissue and diminishes the quality of life in chronic itch patients. However, little is known about the 

contral mechanisms of itch at present. Previous human imaging study indicated that the nucleus 

accumbens (NAc) is activated during the experience of itching. It primarily receives glutamatergic 

projections from the prefrontal cortex (PFC), ventral hippocampus (vHipp), and basolateral 
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amygadala (BLA), which plays a crucial role in addiction and negative emotional responses during 

noxious stimulation. Furthermore, NAc kappa opioid receptor (KOR) plays a role in the modulation 

of synaptic transmission and the pain-induced negative affect. However, whether the glutamatergic 

projections to NAc and KORs activities can shape the scratching behavior of itch is still not clear. 

Here, we investigated the change of PFC-, BLA- and vHipp glutamate projections to accumbens 

core, and further examined the role of KOR in the regulation of synaptic transmission and 

scratching behavior in acute itch. Methods Acute itch mouse model was induced by intradermal 

injection of compound 48/80 (C 48/80) into the nape of the neck. The behavioral, optogenetic, 

pharmacological, and electrophysiological techniques were combined to investigate the activities 

of PFC-, BLA- and vHipp-projections to NAc core and the role of KORs in itch processing. Results 

(1) Dopamine D1 receptor-positive medium spiny neurons (Drd1-MSNs) of NAc were specifically 

required for scratching behavior in C 48/80-induced acute itch. (2) C 48/80 treatment specifically 

enhanced the excitatory transmission in D1-MSNs not D2-MSNs of NAc. (3) The paired-pulse 

stimulation evoked currents ratio was selectively enhanced in PFC-NAc glutamate synaptic 

projection on Drd1-MSNs during itch. (4) No significant change was found on postsynaptic 

components in itch. (5) Activation of KORs in the NAc reversed the synaptic transmission 

enhancement that induced in acute itch. (6) Selective activation of KORs in the NAc attenuated the 

scratching behavior. Conclusion Prefrontal cortex to accumbens core glutamatergic circuit 

regulates scratching behavior of acute itch, which potentially dependents on D1-MSNs and 

presynaptic KORs in the NAc. 

Key words: Prefrontal cortex, Nucleus accumbens, synaptic transmission, itch, kappa opioid 

receptor 
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Abstract: Objective Peripheral nerve injury could lead to chronic neuropathic pain (NP). 

Cannabinoid receptor Ⅰ (CB1R) extensively expressed in the central nervous system and peripheral 

sensory neurons. The precise mechanism of CB1R in the development of NP is remains unclear. 

The present study is to analyze mRNA profile in CB1R deletion in sensory ganglia mice in a chronic 

constriction injury (CCI) model. Methods Here we used CB1 advillin-cre mice to establish CCI 

model. Mechanical allodynia and heat hyperalgesia were also demonstrated in the hind paw of 

animals with CCI, using von Frey filaments and hot plate test, respectively. RNA-seq technique 

was measured differential expressed genes (DEGs). Results Mechanical pain threshold and thermal 

pain threshold were reduced in CB1 advillin-cre mice after tamoxifen induction. Pain threshold of 

CB1 advillin-cre mice were further reduced in the CCI model. Compared with wild-type mice, 95 

genes were upregulated, while 20 genes were downregulated in the DRG of CB1 advillin-cre mice 

on day 14. Compared with wild-type mice, 161 genes were upregulated, while 105 genes were 

downregulated in the DRG of CB1 advillin-cre mice on day 28. Compared with CB1 advillin-cre 

mice of sham CCI, there are 373 genes were upregulated and 50 genes were downregulated in CB1 

advillin-cre mice of CCI. Kyoto Encyclopedia of Genes and Genomes (KEGG) was analysed all 

DEGs between wild-type and CB1 advillin-cre mice on day 28, is mainly concentrated in 

neuroactive ligand-receptor interaction, retrograde endocannabinoid signaling, MAPK signaling 

pathway, glutamatergic synapse. In the PPI network, Gal, Mgll, Th, Gabrg1, Calb1, Lpar3/5, Htr3a, 

Npy1r had strongly linked to cannabinoid receptors, which might be downstream target genes of 

CB1R. Conclusion: Our results revealed the profifiles of mRNAs in CB1R deletion in sensory 



September 16-19, 2021 Chongqing 

ganglia mouse under NP condition. These mRNAs related to the downstream regulatory genes of 

CB1R, and further revealed new targets in the treatment of NP.  

Keywords: transcriptomic analysis; neuropathic pain; cannabinoid receptor Ⅰ; dorsal root ganglia 

 

Back to top ↑ 

 

 

P-411 

Identification of transcriptomic and functional heterogeneity of 

spinal projection neurons via single-cell RNA sequencing 

 

Jun-Kai LIN1,2, Lin-Han WANG1,2, Juan DENG1, Qing LI1 , Yuan LIU1, Yan-Nong DOU1, Wen-Qun 

DING1,2, Yan-Gang SUN1,3,* 

 

1Institute of Neuroscience, State Key Laboratory of Neuroscience, Center for Excellence in Brain 

Science & Intelligence Technology, Chinese Academy of Sciences, 320 Yue-Yang Road, Shanghai 

200031, China  

2University of Chinese Academy of Sciences, 19A Yu-quan Road, Beijing 100049, China  

3Shanghai Center for Brain Science and Brain-Inspired Intelligence Technology, Shanghai 201210, 

China  

 

*Correspondence:  

Email: yangang.sun@ion.ac.cn 

 

Abstract: Objective Different modalities of somatosensory information are conveyed to the brain 

by rare but indispensable spinal projection neurons, including pain, itch, heat, cold, and touch. 

Previous studies focused on classifying the spinal projection neurons into discrete populations to 

decipher the mechanism of modality-specific somatosensory transmission based on morphology, 
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location, electrophysiological properties, neurochemistry expression, projection targets, and 

functional heterogeneity. However, the molecular identities of spinal projection neurons which 

convey modality-specific somatosensation remain elusive. Methods We used retrograde labeling 

based single cell RNA sequencing (scRNA-seq), activity-dependent scRNAseq, and fluorescence 

in situ hybridization to decipher the transcriptomic and functional heterogeneity of spinal projection 

neurons. Results (1) We obtained a comprehensive transcriptomic atlas of spinal projection neurons. 

(2) We unveiled several marker genes for spinal projection neurons, which may provide powerful 

genetic targets for fundamental and clinical researches. (3) Several sub-populations of spinal 

projection neurons specifically participated in pain sensation. Conclusion The spinal projection 

neurons consist of transcriptomic and functional heterogeneity subpopulations to convey pain and 

itch signal. 

Keywords: spinal projection neurons, itch, pain, scRNA-seq, transcriptomic heterogeneity, 

modality-specific 
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Abstract: Somatosensory system plays critical roles in conveying and processing multiple 

somatosensory information including pain, itch, touch and temperature. However, organizat ional 

logic of somatosensory system remains elusive, because the projection of individual projection 

neurons has not been systematically characterized. The present study aims to determine the 

connectome of somatosensory system including spinal projection neurons and brain neurons that 

receive spinal projection. The projection pattern of hundreds of somatosensory projection neurons 

at single-cell resolution was determined by applying anterograde and retrograde sparse labeling, 

whole-brain fMOST imaging, and computational approaches. We demonstrated that the projection 

patterns were highly diverse and organized, suggesting the sub-class of somatosensory system 

pathway. Furthermore, brain neurons that receive spinal projection showed different topographic 

characteristics. Together, our results provided organizational logic of somatosensory system and a 

global view of possible somatosensory signal flow network.  

Keywords: somatosensory, fMOST, whole-brain, single cell, spinal cord, connectome 
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Abstract: Itch is an unpleasant sensation that evokes the desire to scratch. VTA dopaminergic 

neurons have been proven to play an essential role in modulating itch signal processing. 

Dopaminergic projection constitutes the major component of the VTA-NAc circuit. However, how 

the dopamine signals in the NAc participated in itch processing remains largely unknown. By 

recording the dynamics of dopamine release in different sub-regions of the NAc during itch-induced 

scratching behavior, we found that dopamine signals received by D1 and D2 receptors in the lateral 

shell (LaSh), rather than medial shell (MeSh) of the NAc, increased after scratching onset. 

Moreover, the blockade of D1 receptors, but not D2 receptors in the LaSh impaired pruritogen-

induced scratching behavior. To further investigate the coding mechanism of dopamine signals 

during the itch-scratching cycle, we recorded the dopamine release on D1 receptors of the NAc 

LaSh while delivering a newly-established optogenetics-based pruritic stimulus with high temporal 

precision, which was achieved by optogenetic stimulation of spinal itch-selective gastrin-releasing 

peptide receptor (GRPR) positive neurons. We used collar to block itch-relieving behaviors to 

better separate different components of the itch-scratching cycle, including the itch sensory 

component and itch relief. We found that dopamine signals received by NAc neurons expressing 

different types of dopamine receptors exhibited diverse patterns in different behavioral states after 

applying the precisely-controlled pruritic stimulus, and the dopamine signal on D1 receptors of the 

NAc LaSh showed sustained elevated activity during itch stimulation. These data suggest that the 

dopamine signals received by D1 receptors of the NAc LaSh might encode the driving force for 

itch-induced scratching, while also holding the capability to process itch relief associated  reward. 

Our study characterized the dopamine dynamics in different cell types within the NAc, and 

emphasized a critical role of D1R in the NAc LaSh in regulating the itch-scratching cycle. 

Keywords: Itch; Nucleus accumbens; Dopamine release; Itch-induced scratching 
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Abstract: Multiple regions of interest (MROI) imaging as an emerging powerful function allows a 

variety of small objects distributed over a large range of the two-photon microscope's field of view 

to be observed one by one in a high imaging rate. The flyback time between ROIs is desired to be 

as short as possible to achieve a successive imaging for the MROI. Since usually a pair of galvo 

scanners within the resonant-galvo-galvo (R-G-G) scanner configuration for the MROI imaging 

directly steers the flyback spot by the vectorial scanning rather the raster scanning, the speed of 

galvo scanner determinates how fast the MROI imaging can achieve. Here, we demonstrate a novel 

design of a multiple galvo scanner array to significantly increase the speed of galvo scanners 

without the sanctification of the spot size or the swing angles. Several low-cost galvo scanners are 

organized in series connection to form the array. Two-photon microscopic imaging results show its 

feasibility for the high speed MROI imaging. 
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Abstract: The endogenous opioid analgesia system is the inherent mechanism for pain modulation. 

Previous studies suggest that the endogenous, but not exogenous, opioid analgesia is mediated by 

mu opioid receptors (MORs) expressed in GABAergic neurons. However, the neural circuit 

mechanism underlying endogenous opioid analgesia is still unclear. Here we demonstrated that the 

connection between CeA MOR+ neurons and the parabrachial nucleus (PBN) contributes to 

endogenous analgesia in inflammatory pain. We observed that selective deletion of MOR in the 

CeA blocked endogenous opioid analgesia. Neuronal activity of CeA MOR+ neurons was increased 

during inflammatory pain. Consistently, ablation of MOR+ neurons in the CeA induced pain relief 
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in chronic inflammatory pain. We mapped the whole-brain connectivity of CeA MOR+ neurons and 

found a dense projection of these neurons to PBN. Furthermore, we found that optogenetic 

inhibition of the pathway from CeA MOR+ neurons to PBN potently alleviated the CFA-induced 

hyperalgesia. Together, our study revealed the neural circuit mechanism underlying endogenous 

opioid analgesia, and provided a potential central therapeutic target for the treatment of 

inflammatory pain. 

Keywords: Endogenous opioid analgesia; central amygdala; mu-opioid receptors; inflammatory 

pain; parabrachial nucleus 
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Abstract: The projection pattern of individual neurons constitutes the basic structure of the brain, 

which underlies the concerted function of different brain regions. Despite the flourishment of brain 

connectome studies, the relationship between neuronal projections and physiological functions of 

single cells has not been fully understood, making it difficult to determine the information flow 

among critical functional ensembles. Consequently, the whole-brain circuits originating from 

specific functional ensembles remains incompletely understood. Combining in vivo two-photon 

imaging and fluorescence micro-optical sectioning tomography (fMOST), we aim to bridge the gap 

between neuronal projections and their physiological functions at the single-cell level. We 

developed a virus expressing dual-color fluorescent proteins for functional and structural imaging 

respectively. Primary somatosensory cortex was selected as a case study due to the convenience for 

the categorization of specific functional ensembles in sensory processing. Our work will determine 

the information flow derived from functional S1 neurons, and will pave the way for a 

comprehensive multi-dimensional understanding of the circuit organization derived from 

functional neuronal ensembles in specific brain areas. 
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Abstract: Multiple cortical areas including primary somatosensory cortex (S1) are activated during 

itch signal processing, yet cortical representation of itch perception remains unknown. Using a 

novel miniature two-photon microscopic imaging in free-moving mice, we investigated the coding 

of itch perception in S1. We found that a subpopulation of S1 pyramidal neurons encoded itch 

perception, as defined by immediate subsequent scratching behaviors. The itch-induced scratching 

behavior could be well predicted by the activity of a fraction of layer 2/3 pyramidal neurons. With 

a newly established optogenetics-based pruritic stimulation that well mimicked chemical itch, we 

found that itch-coding S1 neurons exhibited a near “all-or-none” response pattern at the stimulus 

intensity at the threshold of itch perception, further demonstrating the activity pattern of S1 

representing itch perception. Our study established new paradigms and revealed the neural 

mechanism underlying itch perceptual coding in S1, thus paving the way for studying cortical 

representation of itch perception at the single-neuron level in freely moving animals. 
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Abstract: Objective: The human and nonhuman primate visual system has a retinal specialization 

called the foveola, which is the central 1 degree of the fovea and is characterized by a high density 

of cone photoreceptors. People with loss of foveolar vision are functionally blind, and are unable 

to perform daily tasks (e.g. reading, driving, and facial recognition). Here, for the first time, we 

have obtained direct measurements of the cortical magnification factor (CMF) of the foveola. 

Methods: Functional EPI images (0.6x0.6x1mm3 acquired in 7T MRI with a custom 16 channel 

RF coil) were acquired from two macaque monkeys trained to fixate within a 0.5 deg window. 

fMRI data were screened for runs with precise fixations. Representations of vertical and horizontal 

meridian, and all foveolar, foveal, and para-foveal arcs were mapped to derive a full cortical map 

of the central 10 degrees. Control stimuli were used for comparison across different sessions. 

Custom FreeSurfer methods transformed slice data to surface view. Results: Quantification of 

CMF across different eccentricities >2 deg revealed values consistent with previous studies. For 

the first time, the precise cortical location of the foveolar center was determined. Data from two 

monkeys revealed foveolar CMF reached a maximum value greater than that at 1 deg eccentricity 

but much less than that predicted by a linear log-log relationship present at extra-foveal 

eccentricities. Conclusion: The foveolar CMF value predicts that the foveolar cortex is a 

specialized region distinct from extra-foveal cortical locations.  

Keywords: vision, fovea, 7T MRI, awake monkey 
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Abstract: Objective Previous findings, Anterior cingulate cortex (ACC) participates in the 

regulation of chronic visceral hyperalgesia, at the same time, ACC can also form neural circuits 

with other nuclei to regulate pain response. The purpose of this study was to explore Cl(Claustrum)-

ACC neural circuit involved in the regulation of chronic visceral hyperalgesia in adult mice. 

Methods (1) Chronic visceral hyperalgesia model was established in mice by neonatal maternal 

deprivation (NMD). (2) The excitability and synaptic transmission of ACC and Cl neurons were 

detected by patch clamp technique. (3) The expression of c-fos protein in ACC and Cl was 

detectedby immunofluorescence. (4) In vivo multichannel recording were used to detect the 

extracellular discharge in ACC and Cl. (5) Optogenetic technology was applied to evoke or inhibit 

neuron activity of ACC and Cl. (6) The electromyography (EMG) was used to record abdominal 

withdrawal reflex in response to colorectal distention (CRD). Results (1) NMD mice showed 

visceral hypersensitivity from 6 to 13 weeks of age compared with control mice. (2) The excitability 

of neurons and the frequency of spontaneous excitatory postsynaptic currents in ACC and Cl of 

NMD mice was obviously increased compared with controls. (3) The expression of c-fos protein 

and the frequency of extracellular discharge in ACC and Cl was markedly enhanced in NMD mice 

compared with control ones. (4) Cl is one of the upstream regions of ACC, CL is a region upstream 

of ACC, which connects with ACC through synapses. Regulation of chronic visceral hyperalgesia 

through neural circuits (5) When inject ChR2 or eNpHR into ACC and Cl, light stimulation ACC 

or Cl can regulate chronic visceral hyperalgesia. (6) When inject ChR2 or eNpHR into Cl, light 

stimulation ACC can regulate chronic visceral hyperalgesia. (7) When inject eNpHR into Cl, light 

stimulation ACC can regulate the ACC neurons extracellular discharge. Conclusion Enhanced 
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neuron activity in ACC and Cl contribute to chronic visceral hyperalgesia of NMD mice, and the 

projection from Cl neuron to excitatory neuron of ACC might be involved in the chronic visceral 

hyperalgesia.  

Keywords: Chronic visceral hyperalgesia; Anterior cingulate cortex; Claustrum 
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Abstract: Objective The ventrolateral orbital cortex (VLO) is involved in modulating neuropathic 

pain, anxiety, and depression. And 5-HT6 receptors may play a role in anxiety disorders and 

depression. Therefore, the present study is aimed at unveiling the role of 5-HT6 receptors in the 

comorbidity of neuropathic pain and anxiodepression in the VLO. Methods By using the rat spared 
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nerve injury (SNI) pain model, the effect of 5-HT6 receptors in the neuropathic pain was identified 

by microinjection of selective 5-HT6 receptor agonist EMD-386088 and antagonist SB-258585 in 

the VLO. With the same treatments, the effect of 5-HT6 receptors in the SNI-induced 

anxiodepression was evaluated at 4 weeks after SNI in the rat in elevated plus maze and forced 

swim model. Results (1) 5-HT6 receptor protein decreased in the contralateral VLO after SNI in 

rats. (2) Microinjection of the EMD-386088 into the contralateral VLO significantly alleviated 

allodynia and the anxiodepressive-like behaviors in rats induced by SNI. These effects were 

blocked by previous microinjection of the SB-258585, while the antagonist applied alone had no 

effect. (3) The 5-HT6 receptors were found to be colocalized with a glutamate transporter (EAAC1) 

by immunofluorescent staining. Conclusion 5-HT6 receptors in the VLO may play a potential role 

in the comorbidity of neuropathic pain and anxiodepression through modulating glutamatergic  

neurons. 

Keywords: Neuropathic pain and anxiodepression comorbidity; 5-HT6 receptor; ventrolateral 

orbital cortex.  
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Abstract: Acupuncture has been used for treating various medical conditions in traditional  Chinese 

medicine. Both manual and electro-acupuncture stimulate specific acupoints to obtain local and 

systemic biological effects, but the underlying mechanisms remain unclear. Here, we used three-

dimensional tissue-clearing technology to study acupoints on the Ren meridian of mice to reveal 

the distribution, density, branching, and relationships between blood vessels and nerves. Using 

topological Mapper methods, we found that sympathetic neurovascular networks were denser in 

the CV 4 acupoint compared with surrounding non-acupoints. Furthermore, high resolution in vivo 

real- time vascular imaging using the near infrared-II probe LZ-1105 demonstrated increased blood 

flow in the CV 4 acupoint compared with neighboring non-acupoints after manual or electro-

acupuncture. Consistent with earlier findings, our research indicated that acupuncture could 

enhance local blood flow, and our high-resolution 3D images show for the first time the important 

role of sympathetic neurovascular networks in the CV 4 acupoint.  
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Abstract: Objective To successfully interact with the complex environment, our visual system 

needs to integrate information about form and motion of objects. Psychophysics experiments have 

shown that both the motion focus of expansion (FOE) and form FOE are utilized for human heading 

perception from optic flow. However, the corresponding cortical areas, as well as the underlying 

neuronal mechanism remains unknown. Methods Using a virtual-reality system, we examined the 

effect of global form information on neuronal response to optic flow in macaque area MSTd. Firing 

activities of neurons in MSTd were recorded when exposed to stimulation. Results (1) under the 

form and motion combined condition, a portion of neurons were significantly tuned to both form 

FOEs and motion FOEs. These neurons could be classified into Accordant cells and Discordant 

cells based on the congruity of their form FOE and motion FOE tuning curves. (2) Consistent form 
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information with optic flow up-regulated the maximum firing rate of Accordant cells, but decreased 

the bandwidth of their motion FOE tuning curves as compared to the motion only condition, 

increasing the sensitivity of Accordant cells to heading directions. Opposite effects were observed 

on Discordant cells, where congruent form information down-regulated their maximum firing rate, 

but increased the bandwidth of their motion FOE tuning curves, hence decreasing their sensitivity 

to heading directions. (3) As compared with the Aligned stimuli condition, Anti-aligned stimuli 

diminished the sensitivity of Accordant cells for heading discrimination, in contrast, Anti -aligned 

stimuli increased the sensitivity of Discordant cells for heading discrimination.  

Keywords: Optic flow, Heading, Dorsal medial superior temporal area, form, motion, Non-human 

primate 
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Abstract: Objective Cancer-induced bone pain (CIBP) is a neuropathic pain caused by the 

metastasis of malignant tumor cells to the spinal cavity and bone tissue. Tumor cells can elicit bone 
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pain by causing pathological fractures or by invading sensory nerve endings. Patients with CIBP 

often experience a spontaneous or episodic pain provoked by movement or weight bearing. Lots of 

lncRNAs have been confirmed to affect the occurrence and development of breast cancer, but their 

roles in bone cancer pain caused by metastatic breast cancer are still unclear. This study aims to 

investigate the role and mechanisms of lncRNA NONRATT014888.2 in bone cancer pain caused 

by metastatic breast cancer. Methods Cancer-induced bone pain was induced by injection of 

Walker 256 mammary gland tumor cells into the rat tibia canal in adult female SD rats weighed 

between 160-180g. Paw withdrawal threshold (PWT) and paw withdrawal latency (PWL) of rats 

were measured by von Frey Filaments (0.4-15.0 g) and thermal radiation. The expressions of 

lncRNA NONRATT014888.2 in dorsal root ganglions (DRGs) were measured with western 

blotting analysis and real-time quantitative PCR. Fluorescence in situ hybridization was employed 

to detect expression of lncRNA NONRATT014888.2. Results (1) Pain hyperalgesia was induced 

by Walker256 tumor cell injection, and great increase happens in the expression of lncRNA-

NONRATT014888.2 in the CIBP rats. (2) Down-regulation of lncRNA-NONRATT014888.2 in 

CIBP rats by intrathecal injection of lncRNA-NONRATT014888.2-siRNA markedly attenuated 

hind-paw pain hypersensitivity. (3) Localization of lncRNA-NONRATT014888.2 in the DRGs. 

Conclusions Our results suggest that lncRNA-NONRATT014888.2 can induced hyperalgesia in 

CIBP rats. This and future studies would reveal the detailed molecular mechanisms of bone pain 

hypersensitivity induced by breast cancer metastasis and provide a potential target for clinical 

treatment.  
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Abstract： Objective Cytochrome P450 26A1 (CYP26A1) is an oxidase that catalyzes the 

breakdown of all-trans-retinoic acid (atRA) to polar metabolites. Our transcriptome sequencing 

data showed Cyp26a1 mRNA was increased in the spinal cord of mice after spinal nerve ligation 

(SNL). Thus the aim of this study was to investigate the role of CYP26A1 in SNL-induced 

neuropathic pain. Methods Real-time quantitative PCR and Western blot analysis were performed 

to determine mRNA and protein levels of CYP26A1, IBA-1, GFAP and IL-10 in the spinal cord. 

Immunofluorescence double stain and in situ hybridization were used to define the distribution of 

spinal Cyp26a1 protein and mRNA. The spinal atRA content was detected by HPLC. The 

mechanical allodynia was tested by von Frey filament. Results The time course of Cyp26a1 

expression in the spinal cord showed that Cyp26a1 mRNA was increased at day 7 and was 

maintained for two weeks after SNL. The protein level of CYP26A1 was also increased at day 7 

after SNL. Immunofluorescence stain and in situ hybridization revealed that spinal Cyp26a1   

protein and mRNA were both mainly expressed in neurons and astrocytes. In agreement with the 

change of spinal CYP26A1 expression after SNL, HPLC analysis displayed that the content of 

spinal atRA, the substrate of CYP26A1, was reduced at day 7 after SNL. Inhibition of CYP26A1 

by intrathecal injection of Cyp26a1 siRNA relieved SNL-induced mechanical allodynia during the 

maintenance phase of neuropathic pain. In addition, inhibition of CYP26A1-mediated atRA 

catabolism by intrathecal administration of talarozole attenuated SNL-induced mechanical 

allodynia. Interestingly, Talarozole alleviated SNL-induced activation of spinal microglia and p38 

MAPK, meanwhile promoted the expression of spinal Il-10 mRNA. Consistent with the vivo results, 

atRA inhibited LPS-induced activation of p38 MAPK and promoted the expression of Il-10 mRNA 

in primary microglia. Conclusion Inhibition of CYP26A1-mediated atRA catabolism alleviates 

SNL-induced neuropathic pain via suppressing the activation of p38 MAPK and promoting the 

expression of IL-10 in microglia of spinal cord. Thus, CYP26A1 may be a potential therapeutic 

target for neuropathic pain. 

Keywords: neuropathic pain; neuroinflammation; CYP26A1; retinoic acid; spinal cord 
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Abstract: Objective Studies on the neural mechanism underlying visual perceptual learning shown 

mixed and debated results due to lack of simultaneous recording from neurons in multiple brain 

regions during the training process. The present study is to investigate the mechanism with 

simultaneous recording approach. Methods Two monkeys were trained in a 2AFC task to detect a 

global form from noise background and the neuronal responses in V4 and ventrolateral PFC were 

simultaneously recorded with microelectrode arrays over the course of training. Learning-induced 

cortical changes were unraveled by SVM decoding analysis. Results (1) Neuronal population codes 

useful for solving the 2AFC task in both areas progressively increased with training. (2) The codes 

could be dissociated into two distinct components. One component was closely related to the target 

stimulus feature and was subject to task-dependent top-down modulation; it emerged earlier in V4 

than PFC. The other component was entirely related to the animal’s behavioral choice; it occurred 

earlier in PFC than V4. (3) Both components were substantially strengthened by training. When 

combined together, these two learning processes were well predictive of the animal’s learning 
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behavior. Conclusion Perceptual learning is a result of concerted changes in prefrontal and visual 

cortex. 

Keywords: prefrontal cortex; visual cortex; monkeys; neuronal population code; perceptual 

learning; choice-related signals; choice probability; top-down influences; learning specificity; 

learning transfer  
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Abstract: Objective Odors are encoded by olfactory receptor neurons (ORNs) as combinatorial 

codes. One central question in olfactory coding is whether or not we could predict ORN’s responses 

if given odor molecule’s structure, i.e. the structure-odor relationship. Using small organisms, like 

Drosophila larva, we could take advantage of the numerical simplicity of its olfactory system to 

explore this question. In our recent study, we discovered one important molecular topological 

property, which is important to predict ORN’s odor binding preference. Here, we aim to further 

explore the structure-odor relationship, specifically search for other molecular structure property 

which is important for olfactory sensation. Methods We choose three panels of odorants, within 

each panel, odorants share similar known topological feature, but are diverse along other features. 

We use a home-made microfluidic system to delivery those odorants, and perform calcium imaging 

to record all larval ORN’s calcium responses. The recorded movies are then processed to extrac t 

each ORN’s peak response to each odorants, which ensemble the response matrix between the 

ORNs and the odorants. Then we compare this response matrix with random shuffled matrix to 

search for significant structures in the data. Results We found that, these odorants with similar 

structural topology, which were though important for olfactory receptor recognition, show very 
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different ORN activation patterns. Across the three datasets, the 1st principal component 

corresponds to the total ORN activity. This feature could be generated using sythetic response data 

drawing from exponential distributions. Conclusion This background structure will provide a basis 

for future exploration of the structure-odor relationship. 

Keywords: structure-odor relationship; olfactory receptor neuron; Drosophila Larvae; exponential 

distribution 
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Abstract: Objective Itch (pruritus) is defined as an unpleasant sensation that elicits the desire or 

reflex to scratch and is also a common symptom of many diseases such as dermatosis which 

seriously affects the patient's quality of life. Geraniol (GE), a natural acyclic monoterpene, is one 

of the main active ingredients in Cymbopogon nardus，rose and other aromatic herbs which has 

long been used in China as an antipruritic herbal medicine; however, the antipruritic mechanism of 

Geraniol is unknown. Methods: We explored the underlying antipruritic mechanism of GE in acute 

and chronic itch by behavioral test, immunofluorescence, pharmacological methods and DREADDs. 

Results: (1) GE significantly reduced the scratching behaviors of mice induced by compound 48/80 

or chloroquine; (2) GE decreased the spontaneous scratches to intrathecal injection with GABA 

receptor antagonist bicuculine, or GRPR-positive neurons agonist GRP; (4) In the spinal cord, GE 

mediating GABA-GRPR signaling through potentiated the activity of GABA receptor and 

suppressed the sensitization of downstream GRP-GRPR signaling; (5) GE alleviating itchy 

behaviors in DCP-induced chronic itch mice and AEW mice. Conclusion: GE has a strong 

antipruritic action as a potential medicine for clinical treatment. 

Keywords：Geraniol; itch; dorsal horn; GABA; GRP; inhibition 
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Abstract: Objective: Visceral hypersensitivity is a major clinic symptom in patients with irritable 

bowel syndrome (IBS). Anterior cingulate cortex (ACC) is involved in processing the information 

of pain. G protein-coupled receptor kinase 6 (GRK6) mediates downstream signaling pathways 

through phosphorylated G-protein coupled receptors. Both GRK6 and P2Y purinoceptor 6 (P2Y6) 

are associated with neuroinflammation and pathological pain. The aim of this study was to 

investigate the interaction between GRK6 and P2Y6 in ACC in development of visceral 

hypersensitivity of adult rats with prenatal maternal stress (PMS). Methods: Visceral 

hypersensitivity was quantified by abdominal withdrawal reflex threshold to colorectal dist ension 

(CRD). The expression and cellular distribution of GRK6 and P2Y6 were determined by Western 

blot, quantitative polymerase chain reaction (qPCR), and Fluorescence immunohistochemistry. Co-

immunoprecipitation was used to valuate the interaction between GRK6 and P2Y6. Results: (1) 

Compared with the age-matched control rats, both mRNA and protein levels of GRK6 were 

obviously decreased in ACC region of PMS rats. (2) Injection of GRK6 overexpression virus 

signficacntly attenuated visceral pain of PMS rats. (3) The total protein and cell membrane protein 

of P2Y6 was markedly increased in of PMS rats. P2Y6’s ratio of membrane protein expression to 

total protein expression was significantly decreased. (4) P2Y6 antagonist MRS2578 microinjection 

reversed visceral pain of PMS rats. (5) GRK6 overexpression significantly reduced P2Y6’s 

expression in membrane protein and P2Y6’s ratio of membrane protein over total protein 

expression. (6) Consecutive 7-day microinjection of MRS2578 into ACC did not affect the 

expression of GRK6. Conclusion: These results indicate that decreased GRK6 leads to 

accumulation of P2Y6 at neuron's membrane in ACC, thereby contributing to visceral pain of PMS 

rats. GRK6 might be a key molecule for ACC participated in visceral hyperalgesia. 

Keywords: Visceral pain, Anterior cingulate cortex, GRK6, P2Y6 
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Objective： Irritable bowel syndrome (IBS) patients have chronic visceral pain and changes in 

defecation habits. As many as 20% of adults suffer from chronic visceral pain or abdominal 

discomfort, which is seriously affecting people's work and quality of life. Mounting evidence 

indicates that extracellular miRNAs may serve as biomarkers of diseases, but the physiological 

relevance of extracellular miRNA is unclear. Methods: Male Sprague Dawley rats (10 days old) 

were selected as the research objects. A 2 cm catheter was inserted into the colon via the anus and 

0.2 ml 0.5% dilute acetic acid was injected into the colon to establish a visceral hyperalgesia model 

of neonatal colitis. The colorectal distention (CRD) method was used to detect the visceral 

hyperalgesia behavior of rats. Whole-cell patch-clamp method was used to detect the effect of 

miRNAs on the excitability of rat dorsal root ganglion (DRG) neurons. HEK293T cell transfected 

and western blotting were used to different P2X3R plasmid mutants. Using iFoldRNA to predict 

the structural model of miR-1306-3p. Results: Acute incubation miR-1306-3p increases the 

excitability of DRG neurons. Extracellular perfusion of miR-1306-3p induces ATP-like current in 

both rP2X3R-expressing HEK293T cell and DRG neurons. Computer simulations calculate that 

miR-1306-3p binds to several important amino acid residue sites at the extracellular of P2X3R, 

which are critical for P2X3R activation by miR-1306-3p. A miR-1306-3p inhibitor can significantly 

alleviate chronic visceral pain sensitivity in neonatal colonic inflammatory rats. Conclusion: miR-

1306-3p binding to the P2X3 receptors on primary sensory afferent neurons, thus contributing to 

visceral hyperalgesia. 
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A circuitry chain construction encodes defensive motor sequence 

in zebrafish 

 

Abstract: Animals use a precisely timed motor sequence to escape predators. This requires the 

nervous system to coordinate several motor behaviors and execute them in a temporal and smooth 

manner. We here describe a neuronal circuit that faithfully generates a defensive motor sequence 

in zebrafish larva. The temporal defensive escape sequence consists of an initial escape and a 

subsequent fast forward swim and can be initiated by unilateral stimulation of a single M-cell. The 

smooth transition from escape phase to fast forward swim phase is achieved by activating a 

neuronal chain circuit, which permits a M-cell to drive descending neurons in bilateral nMLF via 

activation of an intermediate excitatory loop formed by interconnected hindbrain cranial relay 

neurons. The sequential activation of escape command center, M-cells and a fast swim command 

center, neurons in bilateral nMLF via a neuronal chain circuit ensures the smooth execution of 

escape and swim phases in a timely manner. We propose there exists a serial model that executes a 

temporal motor sequence involving three different brain regions that initiates the escape behavior 

and triggers a subsequent fast forward swim. This model has general implications regarding the 

neural control of complex motor sequences. 
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Abstract: In vertebrates, action selection often involves higher cognition entailing an evaluative 

process. Urgent tasks such as defensive escape require an immediate implementation of the 

directionality of escape trajectory, necessitating local circuits. Here we reveal a specialized spinal 

circuit for the execution of escape direction in adult zebrafish. A central component of this circuit 

is a unique class of segmentally repeating cholinergic V2a interneurons expressing the transcription 

factor Chx10. These interneurons amplify brainsten-initiated escape commands and rapidly deliver 

the excitation via a feedforward circuit to all fast motor neurons and commissural interneurons to 

direct the escape maneuver. The information transfer within this circuit relies on fast and reliable 

axo-axonic synaptic connections, bypassing soma and dendrites. Ablation of cholinergic V2a 

interneurons obliterates escape command propagation and abolishes its flexible trajectory. Thus, in 

vertebrates, local spinal circuits can implement directionality of urgent motor actions. Homologous 

mechanisms in other vertebrates may play a similar role during fast motor tasks vital for survival.  
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Abstract: Objective Benefit from “the predictive brain” which compensates for inevitable delays 

in the neural system, we can survive in a dynamic world and live in the present. Although the delay 

compensation has been widely studied, the underlying neural mechanism is still elusive . As an 

important sensorimotor interface, the posterior parietal cortex (PPC) has been found profoundly 

involved in sensory-guided movement. Here, we are curious about whether the PPC represents 

current state of external stimulus or predicts consequence of an upcoming movement.  Methods 

Extracellular single-unit activity was recorded from the lateral intraparietal area (LIP, n=86) and 

parietal reach region (PRR, n=65) while a monkey performed the occluded manual interception 

task. During the task, a target moved circularly in a random period with one of five angular 

velocities and then disappeared, after a fixed period of occlusion, the central dot dimmed (GO cue) 

and the monkey was required to intercept the target within a limited time. Results The activity of 
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LIP and PRR revealed a gradient from sensory to movement coding in the occlusion period. Most 

of neurons (~75%) in both areas reflected sensory information when target was visible. Once target 

disappeared, most (69%) PRR neurons tuned to the upcoming reaching direction, whereas LIP 

neurons embodied diverse pattern, 45% and 33% encoded future movement and stimulus location, 

respectively. In contrast, only 18% PRR neurons represented inferred stimulus location.  Few 

neurons (~8% in each area) exhibited a transition from tracking of target to planning movement. 

However, the target tracking coding in all above groups only lasted in the early occlusion period. 

Conclusion The PPC neurons’ encoding properties suggested that it not only plays an important 

role in establishing the internal estimation of sensory state, but also forming upcoming motor plan 

in predictive sensorimotor control. 

Keywords: monkey; LIP; PRR; state estimation; forward model 
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Abstract: Objective The cerebellum is well known for its key role in motor learning based on 

sensory prediction error, which adjusts internal model by comparing the actual consequence with 

the predicted outcome and thereby improves performance. Despite numerous studies on the 

encoding and updating of internal model for effector kinematics in the cerebellum, its specific role 

in state estimation of external object in changing world is still unclear. Methods Single-neuron 

recordings of Purkinje cells in the lateral cerebellum (lobules V and VI, and Crus I) were made 

while a rhesus monkey performed an occluded manual interception task. Each session consisted of 

three blocks: baseline, adaptation, and washout. In the baseline block, the target moved with three 

angular velocities (cue) along a circular path around a central dot which the monkey was required 

to put hand on for 400-800 ms. Then the target became invisible but kept moving (occlusion). After 

400 ms, the central dot dimmed (GO cue), instructing the monkey to intercept the target in 800 ms. 

Once the monkey touched a peripheral location, actual touched and target locations were displayed 

as two dots in different colors. In the adaptation block, the target shifted forward by an angle during 

the occlusion, and the monkey had to adapt to this change until the washout block in which the 

target motion changes back to the baseline. Results While the simple spike activity of Purkinje 

cells in Crus I pronounced the target location in the cue period, all three regions were tuned to 

reaching direction during the occlusion. During the adaptation, simple spike activity carried 

information of the sensory prediction error, which was utilized for updating the internal estimation 

of target location and guiding the upcoming movement. Conclusion Purkinje cells are involved in 

motor learning by updating state estimation of moving objects in dynamic sensorimotor control. 

Keywords: monkey; Purkinje cells; adaptation; internal model, sensory prediction error 
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Abstract: We investigated the epidural stimulation induced long-term plasticity changes of 

hindlimb locomotion related muscle synergies after spinal cord injury. In the modular motor control 

theory, muscle synergy is the basic component of movement. It arises in the spinal cord or brain, 

and control groups of co-contracting muscles with specific spatiotemporal patterns. Our prior study 

showed muscle synergies of rats injured at the adult age shortly after spinal cord injury even more 

closely resemble synergies of adult rats injured when they were neonates, deviating more from 

intacts. It suggests that muscle synergies are capable of plasticity changes while maintaining a 

robust and conserved synergy set. Rehabilitation treatment is often given after the spinal cord injury 

to help with motor recovery. Researches have shown that epidural stimulation induces spinal 

plasticity and promotes long-term locomotor recovery after spinal cord injury. How synergies are 

affected by this plasticity is not fully understood. Do synergies after spinal cord injury subsequently 

alter, e.g., following rehabilitation and epidural stimulation? We hypothesized that muscle 

synergy’s spatial patterns will remain robust after injury and rehabilitation, but training like 

epidural stimulation with robot rehabilitation will alter drive activity strengths and balances over 

time. We tested this hypothesis by comparing three interventions: 1) robot-driven epidural 

stimulation and robot-assisted treadmill training (ES), 2) robotic assisted treadmill training alone 

(TM) and 3) cage rest (CR). Using electromyograms and machine learning algorithms before and 

during the interventions, we estimated synergies. ES and TM rats function changed and less robot 

weight support was required after training compared to CR animals. However, spatial synergy 

structures did not alter after rehabilitation in any rats. Function gains were accompanied by changes 

in synergies' expression strength, cumulative variance accounted for, and synergies’ temporal 

separations. Results suggest that fundamental spinal synergy circuits are conserved throughout 

spinal cord injury locomotion rehabilitation. Effective rehabilitation changes synergies’ expression 

and recruitment patterns, rather than altering the spatial structure of synergies. Individual synergies 
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with high variance changes identified in this study are targets for potential therapeutic rehabilitation 

methods and explorations of mechanisms of plasticity. 

Keywords: Muscle synergies, locomotion, modular motor control, motor rehabilitation, spinal cord 

injury 
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Abstract: Objective Apelin, as the endogenous ligand of the APJ receptor, plays important roles 

in the central nervous system. This neuropeptide can be cleaved into several segments including 

apelin-13, apelin-17 and apelin-36. Among them, apelin-13 is the most bioactive APJ receptor 

activator. Recent studies suggest that apelin exerts neuroprotective effects in Parkinson’s disease. 

Apelin-13 restores the loss of dopaminergic neurons and alleviates both the motor disorders and 

cognitive dysfunctions in rodent model of Parkinson’s disease. However, the effects of apelin on 

the dopaminergic neurons in normal animals is less known. Thus, the aim of the present study is  to 

observe the direct effects of apelin on the spontaneous firing of nigral dopaminergic neurons and 

the modulation of nigral apelin on locomotor activity in normal rats. Methods In vivo extracellular 
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single unit recordings, immunofluorescence staining and open field test were performed in present 

study. Results (1) Immunofluorescence staining showed that apelin and APJ receptor were 

expressed in nigral dopaminergic neurons. (2) In vivo extracellular single unit recordings revealed 

that the majority of the nigral dopaminergic neurons were excited by exogenous application of 

apelin-13. And apelin-13 decreased the firing rate in a small group of nigral dopaminergic neurons. 

(3) Endogenous apelin was involved in the regulation of the spontaneous firing activity of nigral 

dopaminergic neurons. (4) Infusion of apelin-13 into the substantia nigra pars compacta increased 

locomotor activity in normal rats. Whereas blocking the APJ receptor decreased the total distance 

traveled in open field test, suggesting that nigral apelin modulates locomotor activity in normal rats. 

Conclusion Apelin-13 modulates the spontaneous firing activity of the nigral dopaminergic 

neurons and locomotor activity in normal rats. 

Keywords: apelin, APJ, electrophysiology, motor behavior, substantia nigra 
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Abstract: The cholinergic system plays important roles in multiple brain functions, but how 

cholinergic neuronal morphology and gene expression at cellular level contribute to their functions 

remains unclear. Here we report a multi-dimensional atlas of the brain-wide cholinergic system by 

integrating single-neuron axon projectome, gene transcriptome and physiological functions in 

larval zebrafish. Morphology of > 500 cholinergic neurons could be classified into three major 

morphological types: local projection, global projection, and long-range single-target projection. 

Although cholinergic neurons in each brain region show distinguish projection patterns, single 

brain region contains multiple morphological types of cholinergic neurons. Combining axon 

projectome and transcriptome of single cholinergic neurons, we generated a ‘chemo-structural’ 

connectome of the cholinergic system. We found that cholinergic neurons co-express glutamate, 

GABA, glycine or dopamine metabolism-associated and receptor genes in a nucleus-specific 

manner. In terms of physiological functions, we mapped cholinergic neurons’ responses evoked by 

multiple modalities of sensory stimuli or associated with movements. While cholinergic neurons 

rarely respond to sensory stimuli, five cholinergic nuclei show highly correlated activities with 

motor behaviors. Among these nuclei, four of them are motor modules in the brain which directly 

control movement of eyes and fins. The other one conveys motor movement signal as efferent copy 

to modulate sensory responses of neurons in sensory systems. This comprehensive cholinergic atlas 

not only encompasses structure, gene expression and function resources of brain-wide cholinergic 

neurons, but also provides a framework for further functional studies of the cholinergic system. 

Keywords: cholinergic system; connectome; transcriptome; motor modules; efferent copy; 

zebrafish 
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Abstract: Objective "Exercise-induced fatigue" is a common phenomenon in competitive sports, 

which is the key factor restricting the level of sports training and sports competition results. 

Different forms of oscillatory electrical activities in the cortex basal ganglia circuit are c losely 

related to the state of motor function, which is the basis of the brain coding motor information. 

Motor cortex is mainly responsible for the planning, control and execution of movement. It is a 

high-level Center for the initiation and termination of random movement. The neurons in the motor 

cortex send motor commands to the spinal cord through the pyramidal and extrapyramidal systems, 

and regulate muscle activity through the motor neurons in the anterior horn of the spinal cord. At 

present, little is known about the dynamic changes of excitation inhibition of pyramidal and 

interneurons in motor cortex and how the cortex basal ganglia loop encodes motor information to 

regulate motor fatigue. According to the physiological characteristics, the activity of EEG 

oscillation can be divided into theta(θ,3-8 Hz), alpha(α,8-12 Hz), beta(β,12-30 Hz) and gamma(γ， 

30-100 Hz). On the basis of previous studies in the laboratory, we observed the changes of action 

potentials and local field potentials of different types of M1 neurons in mouse motor cortex after 

exercise-induce fatigue, combined with the metabolic expression changes of FOS, DA and NMDA 

receptors after exercise-induce fatigue, and analyzed the effect of exercise induce fatigue on 

cortical neurons, objective to explore the mechanism of electrical signal coding in M1 cortex in the 

central regulation of exercise-induce fatigue. Methods The male C57 mice were randomly divided 
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into behavioral group, electrophysiological group and immunohistochemical group. A 7-days 

treadmill fatigue model was established by Bedford program. Open field test (OFT) was used to 

evaluate the ability of autonomous behavior and exploration; Cerebus in vivo multichannel 

recording system was used to record the effects of exercise-induce fatigue on spikes LFPs of 

cortical M1 neurons; The expression of FOS, D1DR, D2DR and NMDAR in M1 area before and 

after exercise-induce fatigue were detected by immunohistochemistry. The sampling time points 

were control group (CG), 1-day fatigue group (1D), 1-day fatigue 24h recovery group (1D24RG), 

3-day fatigue group (3D), 7-day fatigue group (7D) and 7-day fatigue 24h recovery group (24RG). 

Results (1) After exercise-induce fatigue, the total distance of mice in open field device decreased 

significantly (P<0.01), the maximum speed decreased significantly (P<0.05), the proportion of time 

at rest increased significantly (P<0.01), and the number of standing times decreased significantly 

(P<0.05); After 24 hours of recovery, it returned to a certain level, but the difference was not 

significant; The rest time, standing times and crossing times in the central area of mice treated with 

new and different stimuli decreased significantly (P<0.05), but increased to a certain extent after 

24h recovery, and the difference was not significant; (2) Compared with CG group, the spontaneous 

firing frequency of cortical neurons in M1 area increased in 1D, 3D and 7D groups(P<0.01), and 

SFR decreased significantly in 1D, 3D and 7D groups(P<0.01); Compared with CG, SFR of 

pyramidal neurons in M1 area of 1D cortex increased(P<0.01), and decreased significantly 24 hours 

after recovery (P<0.01); Compared with CG group, SFR of cortical M1 interneurons in 1D group 

increased significantly (P<0.01), and decreased significantly 24 hours after recovery (P<0.01); (3) 

After exercise-induce fatigue, the energy value of each frequency band in M1 region increases, and 

with the deepening of fatigue, the energy value also increases. Compared with CG, the M1 region 

of 7D mice was more stable α、β、γ The PSD value of frequency band increased (P<0.01), and 

decreased significantly after 24 hours (P<0.01); PSD analysis showed that compared with the 

period without exercise, the cortical cortex of mice during exercise at different time points α 

Frequency band (1-8hz) and β. The PSD values in the frequency band (12-30hz) were significantly 

increased (P<0.05), and recovered to the resting state after 24h rest (P<0.05); (4) Compared with 

CG group, the optical density of M1 positive cells in 1D mice increased by 104.98% (P<0.05); The 

optical density of M1 positive cells in 24h group decreased by 106.49%, and the difference was 

significant (P<0.05); Compared with CG group, the expression of D1DR protein in 1D and 7D 

groups increased significantly (P<0.05), and decreased to a certain extent after 24h recovery 

(P<0.05); After 1D and 7D exercise-induce fatigue, the expression of D2DR protein increased 

significantly (P<0.05); Compared with 1D, the expression of NMDAR increased significantly after 

1D and 7D exercise-induce fatigue (P<0.05); The protein expression of 1D24RG and 24RG in 1D 

was significantly lower than that in 7D (P<0.01). 
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Conclusion The firing frequency of cortical neurons increases, the SFR of pyramidal and 

interneurons increases, and they return to the quiet level 24 hours later. During exercise-induce 

fatigue, the cortex appears widely α and β. The possible central mechanism is to increase the 

functional connectivity of the cortical basal ganglia indirect pathway. Exercise-induce fatigue can 

reduce the ability of spontaneous activity in mice. After exercise-induce fatigue, the expression 

levels of FOS protein, D1/D2DR and NMDAR in mice show different cumulative effects with the 

deepening of exercise-induce fatigue, Specifically, the expression of FOS, D1DR, D2DR and 

NMDAR protein in the cortex of mice increased after exercise-induce fatigue, and returned to the 

quiet level 24 hours later. It is speculated that the abnormal expression of D1DR and D2DR protein 

led to the change of excitability of cell membrane of cortical gluergic neurons, affected the balance 

of excitation inhibition of cortical neurons, and thus led to the change of motor behavior of mice 

after fatigue(NSFC:31971095,houlj@bnu.edu.cn) 

Keywords: Exercise-induced fatigue; cortical neurons; action potential; local field potential; 

dopamine receptor 
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Abstract: Microglia-neuron interaction holds a key position in the pathogenesis of various brain 

disorders, including Alzheimer's disease, Parkinson's disease and bipolar disorder. Notably, 

compared to microglia from other brain regions, cerebellar microglia represent a unique hyper-

vigilant immune phenotype. However, how cerebellar microglia communicate with Purkinje cells, 

the principal neurons and sole outputs of the cerebellar cortex, as well as the role of this 

communication in cerebellar tremor, a typical cerebellar movement disorder, are still unclear. In 

the present study, we determined the cerebellar microglia-Purkinje cell interaction in harmaline-

induced cerebellar tremor. Here we show that the harmaline-induced activation of olivocerebellar 

system and chemogenetic activation of Purkinje cells lead to increased connections of cerebellar 

microglia to the somas of the activated Purkinje cells. Ablation of microglia elevates the response 

sensitivity of Purkinje cells to harmaline application and induces over-activation and 

hypersynchronization of Purkinje cells. Pharmacological blockade or genetic knockdown of 

cerebellar P2RY12, a purinergic receptor exclusively expressed on microglia, significantly reduces 

the microglia-Purkinje cell interaction and decreases the threshold dose of harmaline to induce 

tremor. These results suggest that cerebellar microglia-Purkinje cell interaction is actively involved 

in the susceptibility to tremor, and may shed new lights on the development of potential prevention 

and intervention strategies for cerebellar tremor by targeting microglia activation and microglia-

Purkinje cell interaction (Supported by grants 32030044 and 31961160724 from the National 

Natural Science Foundation of China; and the grant BK20190008 from the Natural Science 

Foundation of Jiangsu Province, China) 
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Abstract: Objective The pathophysiological mechanisms underlying dystonia are still largely 

unknown, and one of the important reasons may be the specific gene mutation of patients 

individually. This study tried to investigate the possible gene mutation of a patient clinically 

diagnosed as cervical dystonia. Methods A patient suffered from cervical dystonia without definite 

etiology was collected. The patient’s DNA from blood sample was extracted and then analyzed by 

next generation whole exome sequencing. After that, the bioinformatic analysis was performed. 

Results The patient’s clinical manifestation was characterized by severe spasmodic torticollis with 

modified Tsui score 12 and TWSTRS score 43. All the auxiliary examinations revealed no definite 

abnormality. The symptoms were significantly improved after A-type botulinum toxin injection 

(TSUI score 3 and TWSTRS score 10). Whole exome sequencing showed that there was a 

heterozygous mutation in the exon 2 of dynactin-1 (DCTN1) gene c.73C>T, causing amino acid 

change p.Arg25Trp, which was a missense mutation not reported previously. Bioinformatic 

analysis predicted that p.Arg25Trp was detrimental and probably pathogenic. Protein conformation 

analysis showed that p.Arg25Trp mutation may affect the CAP-Gly domain, a functional structure 

of DCTN1 protein. Conclusion DCTN1 gene mutation (c.73C>T in the exon 2) may be associated 

with the pathogenesis of cervical dystonia. 

Keywords: DCTN1 gene; cervical dystonia; whole exome sequencing; gene mutation 
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Abstract: For animals and human, appropriate and timely posture adjustment during locomotion 

is essential to life, which requires precise neural control. However, it is still elusive that  how the 

nervous system is organized to faithfully generate the corrective motor command and precisely 

coordinate the corresponding muscles to execute the adjustment command after receiving vestibular 

sensation of physical instability. Here we revealed a brainstem-spinal cord neuronal circuit driven 

by two pairs of reticulospinal neurons, RoM2L/3L, which initiate and execute the adjustment 

command, roll, during swimming in zebrafish. The reticulospinal RoM2L/3L neurons project their 

axon ipsilaterally through spinal cord to excite four primary motor neurons (pMNs) in each spinal 

segment with unequal synaptic strength. Activation of RoM2L neurons induced much larger EPSPs 

in the pMNs innervating dorsal axial muscles than that in the pMNs innervating ventral axial 

muscles, while RoM3L neurons preferentially drive the pMNs innervating ventral axial muscles. 

Electrical stimulation of the 8th nerve, simulating the vestibular input during body posture 

instability, simultaneously activates both ipsilateral RoM2L neuron and contralateral RoM3L 

neuron, which leads to the synchronized co-activation of ipsilateral dorsal and contralateral ventral 

axial muscles to perform the posture adjustment, roll. Thus, our results uncover a neuronal circuit 

responsible for the postural control in the roll axis during locomotion and may apply to other 

vertebrates.  
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Abstract: Objective It is becoming obvious that the genomes of various species are pervasively 

transcribed, and long noncoding RNAs (lncRNAs) compose the major part of the transcriptome. 

Although the number of identified lncRNAs is increasing, the potential functions of most lncRNAs 

remain unknown.This study aimed to characterize the molecular information of a novel long non-

coding RNA, and explored its role played in Drosophila neural system.Methods The full length of 

the novel lncRNA was identified and confirmed by Rapid Amplification of cDNA Ends(RACE) 

and Northern Blot. In vitro translation associated with western blot was used to explore the coding 

potential. CRISPR-Cas9 was performed to obtainits knock-out mutant. LED arena is a good way to 

examine if the mutant shows any abnormal behavior. And the interacted protein candidates were 

identified by RNA-Pull down.Results (1)The novel lncRNA is 1115 nt-long and can not be 

translated into protein in vitro.(2)The lncRNA knock-out mutant shows a significant higher speed 

than wild type control.(3)There are 104 alternative proteins interacted with the lncRNA. 

Conclusion The lncRNA could participate in Drosophila motion behavior by cooperating with 

some protein candidate. 

Keywords: lncRNA; motion behavior; interacted protein 
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Abstract: Objective Eye movement (EM) is a complex behavior that is coordinated and controlled 

by multiple nuclei in brain. The oculomotor nucleus (OMN), a crucial EM regulation nucleus in 

non-human primate, is also found participating in the regulation of the sleep state in mice. However, 

how OMN controls EM and whether it involves in EM behavior in sleep are still unrevealed. 

Methods To explain the structurally and functionally basis of OMN cholinergic (OMNChAT) 

neurons in regulating EM in sleep-wake cycle, viral tracing, immunohistochemical techniques, in 

vivo or vitro electrophysiology, deep-brain calcium imaging and optogenetic stimulation during 

polygraphic recordings were conducted. Results We found that the unilateral extraocular muscles 

were predominantly innervated by ipsilateral OMN. Meanwhile, OMN also received upstream 

innervation from forebrain nuclei and posterior vestibule. A breathtaking finding was that highly 

synchronized neural population local field potential and the multi-unit spike in OMN following by 

immediately transient eye movements. However, acute damage to the OMN nucleus by NMDA did 

not completely eliminate EM frequency in mice during waking or sleeping states. We recorded 

mailto:biaoyan@fudan.edu.cn
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ChAT neurons activity by in vivo deep-brain calcium imaging, and found that ChAT neurons 

responded specifically to EM in Sleep-Wake, OKR and VOR, and the proportion of OMNChAT 

neurons was 21%, 20% and 8% respectively. In contrast, the proportion of selectively responding 

OMNChAT neurons to EM in Wake, REM, and NREM was 40%, 20%, and 17% respectively. 

Optogenetic selective activation of OMNChAT could not only evoke EM with time dependent 

manner, but also wake up the mice from sleep state. Conclusion OMNChAT can encode EM 

specifically in multiple modes and different stages of sleep. Activation of OMNChAT during sleep 

stages can simultaneously promote arousal. 

Keywords: the oculomotor nucleus; cholinergic neurons; eye movement; sleep 
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Abstract: Objective Expectation and acquisition of rewards produce jolly consequences which 

initiate learning processes and optimize motor skill. Recently, researches shine a light on that 

cerebellum could involve in processing of reward. Methods To test how reward may impact 

cerebellar plasticity and motor learning, we recorded the single unit activity of Purkinje cells in the 

cerebellar floccular complex of a rhesus monkey as he tracked in smooth pursuit directional 

learning task (Medina and Lisberger, 2008, Yang and Lisberger, 2014). First, we assessed the 

direction selectivity of complex-spike responses (CS) of a PC and customized “CS-ON” and “CS-

OFF” instructive directions. During learning, these two opposite instructive changes in target 

motion will be randomly introduced. Reward rules including equal, big-small or small-big reward 

coupled with two instructive directions at different learning blocks, respectively. Once monkey 

successfully completed a trial, one of two sizes of reward were delivered with a fixed association 

with that instruction. Results Our data showed that monkeys bias eye movement towards big reward 

direction before instruction onset. The probability of complex spikes of PCs to instructions was 

increased with reward sizes. Interestingly, the activation of CS to instruction is associated more 

with reward sizes than retinal slip errors and licking performance. Furthermore, the occurrence of 

CS accompanys more “CS-ON” direction eye movement. Conclusion These results suggested that 

the activation of climbing fibers can convey prediction signals during motor learning.  

Keywords: climbing fibers; motor learning; reward; complex spikes; prediction 
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Abstract: In a biphasic rhythmic behavior, variations in behavioral speed are often accounted for 

primarily by variations in the duration of one of the two phases (i.e., which is referred to as the 

dominant phase). However, it is largely unknown how phase dominance is achieved. Here, we 

provide evidence that it can result from actions of neuromodulators (i.e., peptides) originating from 

higher-order neurons. When the dominant phase occurs first, its duration can be determined by 

activation of inhibitory phase-terminators that begin to fire as the second phase of the motor 

program is initiated. We primarily study biphasic biting motor programs induced by stimulating 

the Aplysia projection neuron cerebral buccal interneuron 2 (CBI-2). These programs consist of 

radula protraction followed by radula retraction. Previous studies have demonstrated that during 

biting, a second projection neuron, CBI-12, can be co-activated with CBI-2. When this occurs, 

protraction is shortened. We demonstrate that CBI-12 and its two neuropeptides, apSPTR-GF-DP2 

and FCAP, significantly shorten protraction with little or less effect on retraction. Protraction is 

therefore the dominant phase. To determine how phase shortening occurs, we characterize effects 

of CBI-12 and its peptides on two types of neurons that have been described as phase-terminators 

(the B64 and CBI-5/6 neurons). We show that CBI-12 and apSPTR-GF-DP2 increase CBI-5/6 

excitability. During motor programs, CBI-12 coactivation phase-advances CBI-5/6 activity but not 

enough to make latency ‘negative’. A negative latency (activity begins before retraction is initiated) 

would indicate a role in phase termination. In contrast, with CBI-12 coactivation, the B64 latency 

does become negative. Exogenous application of a peptide present in CBI-12 (FCAP) mimics 

effects of CBI-12 stimulation. Thus, in a biphasic rhythmic motor network, differential peptidergic 

modulation of the excitability and spike timing of a potential phase-terminator can constitute an 

important mechanism for phase dominance and a change in behavioral speed. 

Keywords: biphasic rhythmic behavior, behavioral speed, phase dominance, neuropeptides, phase-

terminators 
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Abstract: Objective: Wilson disease is a rare, disabling, neurological genetic disease. Biomarkers 

of brain damage are less well-developed. To evaluate the utility of plasma glial fibrillary acidic 

protein as a biomarker for neurological involvement in Wilson disease patients.  Methods: This 

prospective cross-observational study compared plasma glial fibrillary acidic protein concentration 

among different subtypes of Wilson disease patients and healthy controls. Plasma glial fibrillary 

acidic protein levels were measured in 94 patients and 25 healthy controls. Patients were divided 

into two subtypes: patients with neurological manifestations (n = 74) or hepatic manifestations (n 

= 20). Results: Median levels of plasma glial fibrillary acidic protein were significantly elevated 

in patients with neurological manifestations (143.87pg/mL) compared to those with hepatic 

manifestations (107.50 pg/mL) and healthy controls (86.85 pg/mL). Receiver Operating 

Characteristic curve revealed that a plasma glial fibrillary acidic protein cut-off value of 128.8 

pg/mL provides sufficient sensitivity (80.0%) and specificity (63.5%) to differentiate patients with 

neurological manifestations from those with hepatic manifestations. Conclusions: Plasma glial 

fibrillary acidic protein may serve as a biomarker for distinguishing different subtypes of Wilson 

disease. 

Keywords: glial fibrillary acidic protein; Wilson disease; biomarker 
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Abstract:  

Objective: To discuss the relay modulation effect of ventrolateral nucleus of the thalamus in the 

"basal ganglia-thalamic-Cortex" neural pathway, through observing the dynamic changes of 

electrical activity of neurons and the protein expression levels of NR2B and GABAAα-1during one 

bout of exhausting exercise.  

Methods: 8-week-old male Wistar rats were used for the experiment. Local field potential 

recording technique was used to observe the changes of the electrical activity of the ventrolate ral 

nucleus of the thalamus in the rat during one bout of exhaustiing exercise. The immunofluorescence 

double-labeling technique was used to study the protein expression levels of NR2B and GABAAα-

1 in the ventrolateral thalamus nucleus of rats before, after exhausting exercise and 90 minutes after 

recovery. 

Results: The neural activity of the ventrolateral nucleus of the thalamus showed obvious stage 

characters in the different stages of exhausting exercise. Under automatic exercise stage, the 

percentage of α power increased significantly (P<0.05), the gravity frequency increased 

significantly (P<0.05), which indicate increased excitability. Under early fatigue and exhaustion 
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stage, the percentage of δ, θ power increased significantly (P<0.05), the gravity frequency 

decreased significantly (P<0.05), which indicate decreased excitability. Compared with the rest 

stage, the expression of GABAA -1 receptor increased significantly in ventrolateral nucleus of 

the thalamus of the rats immediately after the exhausting exercise and 90 minutes after recovery 

(P<0.05 and P<0.01 respectively). 

Conclusion: The ventrolateral nucleus of the thalamus acts as a relay nucleus in the "basal ganglia-

thalamus-cortex" pathway. Changes of the expression of GABAAα-1 receptor protein may 

contribute to the dynamic changes of neural activity. It is speculated that the change of neurons 

excitability in the ventrolateral nucleus of the thalamus and the up-regulation of GABAAα-1 

receptor protein expression is one of the important factors leading to exercise fatigue and decreased 

exercise capacity. 

Key words: exhausting exercise; rat; the ventrolateral nucleus of the thalamus; neuronal electrical 

activity; receptor expression 
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Abstract: Objective Salidroside (Sal), as an effective ingredient extracted from the root of 

Rhodiola rosea L., had been widely used in traditional folk medicine in many countries. Sal had 

been described as having antioxidant, antiaging, promotion of cell metabolism and neurotrophic 

activities etc. Alzheimer's disease (AD) was a degenerative disease of the central nervous system, 

it usually involved the synaptic transmission of external information in cerebellar cortex, which 

could affect motor learning and coordination ability, and even led to impaired motor function. 

Although evidence showed that Sal had a promoting effect on the motor coordination function of 

C57BL/6J mice. However, it was still unclear whether Sal affected the motor learning behavior in 

AD mice. Here, the transgenic AD mice (5×FAD) were used to study the effects of Sal on the motor 

learning and coordination functions in AD mice by behavioral testing methods. To examine the 

influencing mechanism of Sal on the motor behavioral functions in AD mice，which might provide 

some reference for the treatment of AD with traditional Chinese medicine. Methods (1) Grouping: 

Transgenic AD (6-month-old) mice were randomly divided into control group, low doses of  Sal 

group, medium doses of Sal group and high doses of Sal group. (2) Dose: The three groups of Sal 

were respectively given irrigation stomach with Sal 5 mg/kg·d, 10mg/kg·d, 50mg/kg·d while the 

control group was given with saline solution by 10ml/kg·d. The treatment lasted 4 weeks. During 

four weeks of gavage, the changes of body weight were measured. (3) Behavioral tests: After the 

gavage, the changes of motor learning and coordination in AD mice were recorded by the rotarod, 

the walking disorder analyzer, and the open field experiment.  Results (1) Rotarod test results: As 

the training time increased, the time of mice staying on the accelerating rotarod in the Sal medium-

dose group and high-dose was significant longer than that of control mice. There was no significant 

difference between the low-dose group and the controls. Compared with the Sal low-dose group, 

the mice in the medium and high-dose groups had a significant increase in the duration on the 

rotarod, and the rotation speed also increased with training. The duration and speed on rotarod in 

the high-dose group were higher than those in the medium-dose group (P<0.05). (2) Walking 

disorder test results: Compared with the three groups of Sal, mice in the control group had higher 

error rate, and the error time lasted longer during walking (P<0.05). In addition, the above 
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conditions got the most significant improvement in the Sal high-dose group. (3) Open field test 

results: In a limited time, the mice in three groups of Sal travel more distance compared to controls. 

The activities and staying time in the central area increased in the three Sal groups mice, and the 

staying time in the central area in the Sal high-dose group was significantly higher than that in Sal 

medium-dose group and low-dose group (P<0.05). Conclusion Our results indicated Sal could 

affect the motor learning and coordination behavior in AD mice, and it could improve the impaired 

motor learning function of AD mice. 

Keywords: Salidroside; Alzheimer' s disease; cerebellar; motor learning; behavioral tests 
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摘要：目的：呼吸是至关重要的从宫内胚胎到死亡的生命过程中无严重中断的持续行为，起

源于脑干呼吸中央模式发生器(respiratory central pattern generator，RCPG),通过复杂的运动程

序使肺部通气。平静呼吸时候的呼吸肌主要是膈肌和肋间外肌，但目前关于支配肋间外肌的
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肋间神经呼吸运动神经元鲜少研究，对其形态学分布特征描述更是缺乏。本项目主要研究小

鼠肋间神经呼吸运动神经元的形态学特征，为研究小鼠呼吸中枢神经系统创伤和疾病模型中

的功能研究奠定解剖学背景。 

方法：采用逆行示踪技术，于 3 月龄 C57BL/6 小鼠第 1 到 8 肋间（每个肋间ｎ＝３）肋间外

肌注射逆行病毒霍乱毒素 B 亚基（Cholera Toxin Subunit B，CTB) ：CTB-555，观察注射后

脊髓 CTB-555 表达情况，免疫组化判断细胞类型并用共聚焦显微镜拍照计数分析。 

结果： 在肋间外肌注射 CTB555 后观察脊髓，支配单侧第 1-8 肋间外肌的肋间神经呼吸运动

神经元胞体主要位于 T2-T7 节段前角外侧。第 1 肋间外肌肋间神经对应 T1、T2 节段（荧光

胞体分布距离 0.920 ± 0.120mm，细胞数：35.50 ± 6.500 个），第 2 肋间外肌肋间神经对应 T2

节段（荧光胞体分布距离 1.520 ± 0.122mm，，细胞数：60.67 ± 5.239 个），第 3 肋间外肌肋

间神经对应 T2 节段（荧光胞体分布距离 1.440 ± 0.122mm，细胞数：71.33 ± 7.333 个），第

4 肋间外肌肋间神经对应 T3 节段（荧光胞体分布距离 1.493 ± 0.027mm，细胞数：63.67 ± 

3.180 个），第 5 肋间外肌肋间神经对应 T4 节段（荧光胞体分布距离 1.480 ± 0.120mm，细胞

数：58.75 ± 5.865 个），第 6 肋间外肌肋间神经对应 T5 节段（荧光胞体分布距离 1.200 ± 

0.1386mm，细胞数：37.33 ± 5.044 个），第 7 肋间外肌肋间神经对应 T6 节段（荧光胞体分

布距离 1.093 ± 0.2183mm，细胞数：33.33 ± 6.333 个），第 8 肋间外肌肋间神经对应 T7 节段

（荧光胞体分布距离 1.040 ± 0.0462mm，细胞数：32.00± 7.234 个），对有荧光的胞体进行

免疫组化胆碱能染色发现这是一群胆碱能神经元。 

结论：肋间神经呼吸运动神经元胞体从头端到尾端对应为 T2-T7 节段；胞体主要集中在分布

在脊髓前角外侧,每一节段的胞体呈连续性分布；不同节段肋间神经呼吸神经元分布距离及胞

体数目不同，其中第 2 和第 3 肋间外肌肋间神经元胞体均分布在 T2 节段，T3 后的肋间外肌

肋间神经元胞体分布距离及数量呈递减趋势；肋间神经呼吸运动神经元类型为胆碱能神经元。 

关键词：肋间神经呼吸运动神经元、呼吸中枢、肋间外肌、脊髓 
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Abstract: Orexin deficiency leads to narcolepsy in both humans and animal models. The 

prominently abnormal sleep/wakefulness cycles including excessive daytime sleepiness and sleep 

attacks in narcolepsy have been acknowledged to connect with the loss of orexin’s excitatory effects 

in many wakefulness-promoting brain regions. Cataplexy is regarded as a hallmark in narcolepsy, 

which is characterized by a sudden loss of postural muscle tone during wakefulness, especially 

undergoing positive emotion events. However, the direct relationships of motor control and 

orexin’s motor modulation remains unknown. In the present study, we first used genetically-

engineered HSV to objectively observe the direct downstream targets of orexin neurons in 

brainstem motor regions of mice. The results showed that the red nucleus, tectum, caudal potine 

reticular nucleus (PnC), gigantocellular nucleus, and vestibular nuclei that can change the entire 

body’s muscle tone are all innervated by orexin neurons. Through using labeling technologies, the 

lateral hypothalamus-to-caudal pontine reticular nucleus orexin (LH-to-PnC) orexin pathway’s 

characteristics, electrophysiological effects, and behavioral concequences were observed. The 

activity profiles of this pathway were also investigated through fiber photometry and we found that 

its motor-related activity can be promoted by positive emotions. All these data suggest that the 

activity of LH-to-PnC orexin pathway can promote motor control, and thus the loss of motor 

facilitation in orexin deficiency may be involved in the pathological conditions of cataplexy.  

Keywords: orexin; caudal pontine reticular nucleus; motor control; cataplexy 
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Abstract: The hypothalamic neuropeptide orexin (also named hypocretin) is a critical regulator for 

many vital brain functions. Interestingly, loss of orexin signaling has been directly linked to several 

clinical symptoms characterizing by motor impairments. More specifically, in addition to the sudden 

loss of muscle tone (cataplexy) in wakefulness after orexin deficiency, impaired quality of muscle 

atonia in rapid eye movement (REM) sleep has been recently reported by many clinical reports and 

our previous study reveals the involvement of hypothalamus-to-sublaterodorsal tegmental nucleus 

(LH-to-SLD) orexin pathway. However, the deteiled characteristic and function of this pathway has 

not been investigated. Here, we first labeled the ~7% of orexin neurons projecting to the SLD. In 

addition, the labeled SLD-projecting orexin (OXSLD) neurons exhibited increased c-Fos expression 

after the REM sleep rebound, in the silent background of the orexin neuronal entirety, suggesting a 

special activity pattern of the LH-to-SLD orexin pathway. The in vivo fiber photometry also revealed 
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that this pathway increased activities during the entire REM sleep and during wakefulness. We next 

deleted this pathway by transfection of Caspase-3 in OXSLD neurons for a month and observed a 

remarkable failure of muscle atonia during REM sleep in these mice. However, in this condition, the 

daily REM seelp amount was not affected. We thus tested potential impacts of compensatory effects 

after permanent loss of SLD orexin signaling. The normal REM sleep rebound after 24-hour REM 

sleep deprivation was indeed blunted in the OXSLD-taCasp3 mice, and was frequently disrupted by 

abnormally increased muscle activities, suggesting that the homeostatic regulation of REM sleep in 

these mice was affected. Considering the above findings, we are now examining the monosynaptic 

input/output patterns of these specific REM sleep-related OXSLD neurons, aiming at revealing the 

neural circuit basis for their REM sleep-related actions. With a combination of virus tracing strategies, 

we have preliminary data showing that the OXSLD neurons most specifically innervated SLD, although 

relatively low density of OXSLD fibers were detected in the nearby locus coeruleus. Besides, the 

OXSLD fibers largely avoid several brain regions, such as the ventral pallidum and the paraventricular 

thalamus, which are known to be innervated by the orexin entirety in previous studies. The analysis of 

monosynaptic upstream regions from OXSLD neurons demonstrated a similar pattern of that from the 

orexin entirety, suggesting that the modulation of this pathway on SLD and its related REM sleep 

regulation may come from a subtle discrepancy of input, and more details on their activities/specific 

actions should be considered. 

 

Keywords: orexin; sublaterodorsal nucleus; muscle atonia; homeostatic regulation of REM sleep 
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Abstract: Objective Parkinson's disease (PD) is a common neurodegenerative disease. The main 

pathological feature is the loss of dopamine (DA) neurons in substantia nigra, which leads to the 

dysfunction of basal ganglia related nuclei, and produces typical motor symptoms of PD, such as 

static tremor, muscle stiffness, bradykinesia, postural balance disorder. In recent years, the 

treatment of PD, including deep brain stimulation of thalamus and subthalamic nucleus, transcranial 

magnetic stimulation, could improve the dyskinesia of PD rats. The present study was to explore 

the effect of electroacupuncture on the movement of PD rats. Methods At the same time, it is clear 

that electroacupuncture is also an effective treatment for PD. we performed electroacupuncture at 

Dazhui and Baihui of 6-OHDA Unilateral-lesioned MFB PD rats. Motor behavior of rats was 

recorded in open field. Results EA could effectively improve movement time, movement distance 

and forepaw adjusting steps. Conclusion EA could rescue PD movement disorders. 

Keywords: Parkinson's disease, electroacupuncture, motor symptoms 
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Abstract: Objective CircRNA may be involved in regulation of vascular endothelial cell function, 

yet the underlying mechanisms have remained elusive. Here, we characterized the functional role 

of circUSP1 in the modulation of blood-tumor barrier (BTB) permeability as well as the potential 

molecular mechanisms. Methods Quantitative real-time PCR was conducted to detect the 

expression of circUSP1 and miR-194. Transendothelial electric resistance and horseradish 

peroxidase flux assay were performed to assay the permeability of BTB. Immunofluorescent 

staining and western blot were used to determine the expressions of tight junction proteins ZO-1, 

occludin, claudin-5 and transcription factor friend leukemia virus integration 1 (FLI1). Further, 

luciferase reports and RNA immunoprecipitation were used to assay the correlation between 

circUSP1 and miR-194. ChIP assay was conducted to confirm the association of transcription factor 

FLI1 with ZO-1, occludin, and claudin-5. Results In the present study, the expression of circUSP1 

was upregulated in glioma endothelial cells (GECs) obtained from an in vitro BTB model. 

Knockdown of circUSP1 impaired the integrity and increased the permeability of BTB, 

accompanied by the downregulation of ZO-1, occludin, and claudin-5 in GECs. Bioinformatic 

prediction and luciferase assay demonstrated that circUSP1 bound to miR-194 and suppressed its 

activity. MiR-194 contributed to circUSP1 knockdown-induced increase of BTB permeability via 

targeting and downregulating transcription factor FLI1. Furthermore, FLI1 regulated the 

expressions of ZO-1, occludin, and claudin-5 in GECs through binding to their promoter regions. 

Conclusions Overall, the present study identified the crucial regulation of circUSP1 on BTB 

permeability via miR-194/FLI1 axis-mediated modulation of tight junction proteins, which might 

facilitate the development of therapeutics against human gliomas. 

Keywords: blood-tumor barrier permeability; circUSP1; miR-194; FLI1; tight junction related 

protein 

 

Back to top ↑ 

 

 



September 16-19, 2021 Chongqing 

P-453 

Knock-out of miR-29a in proopiomelanocortin neurons leads to 

hyperphagic obesity and insulin resistance 

 

Yuan Ma1, Nicola Murgia1, Syeda S. Najam1, Ilya A. Vinnikov1* 

 

1Laboratory of Molecular Neurobiology, School of Life Sciences and Biotechnology, Shanghai Jiao 

Tong University, Shanghai, China.  

 

Ilya A. Vinnikov1* 

*Correspondence should be sent to: ilya.vinnikov@gmail.com 

 

Abstract: Obesity is a worldwide growing epidemic. The arcuate nucleus of the hypothalamus 

(ARC) comprises the first order neurons such as proopiomelanocortin (POMC)- and agouti-related 

protein-expressing neurons signaling to various hypothalamic and extra-hypothalamic structures 

and controlling food intake and energy expenditure. Previously, we have discovered that knock-out 

of Dicer in ARC neurons leads to severe hyperphagic obesity which was crucially dependent on 

over-activation of the insulin-PI3K-Akt-mTOR pathway. However, the detailed mechanism 

underlying this phenotype remained unexplored. In the current study, we aimed to identify a 

specific microRNA playing a crucial role in the control of energy homeostasis. Firstly, we have 

identified miR-29a family as one of the most prominent regulators suppressing the insulin-PI3K-

Akt-mTOR pathway in vitro. Next, we have implemented Cre-dependent CRISPR-Cas9-based 

technique in vivo. Spatio-temporal control of infection was achieved by infection of ARC of 

POMCCre-LoxP-Stop-LoxP-Cas9 mice by rAAV vectors equipped with double-sgRNA expressing 

cassettes. The specificity of targeting has been confirmed by confocal fluorescent microscopy. For 

the first time, we have identified that expression of a single microRNA, miR-29a, in a specific 

population of hypothalamic neurons is critical for a proper metabolic balance. Indeed, inactivation 

of miR-29a in POMC neurons without any additional metabolic challenges is sufficient to induce 

hyperphagia and obesity accompanied by insulin resistance, imbalanced fat/lean distribution and 

other molecular and metabolic changes. Further, in the PI3K-mTor pathway, we identified Nras as 

a direct target of miR-29a contributing to the observed phenotype. Since this is the first study 

uncovering a critical role of a single microRNA in a relatively small neuronal population, these 
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data dramatically extend our understanding about the involvement of hypothalamic smal l non-

coding RNAs in the homeostatic regulation. Importantly, by deciphering pathophysiological 

mechanism leading to obesity, this and the follow-up studies might contribute to improvement of 

therapeutic approaches to treat metabolic disorders. 

 

Back to top ↑ 

 

 

 

P-454 

NR2A/ERK/CREB Signaling Pathway involved in 

Electroacupuncture Regulating Hypothalamic-Pituitary- Adrenal 

Axis Hyperactivity 

 

Yu WANG 1 Jing HAN 1 Mi-Zhen ZHANG 1 Yue-Shan DU 1 Zhan-Zhuang TIAN 1*  

 

1 Department of Integrative Medicine and Neurobiology, Institute of Acupuncture and Moxibustion 

Research, School of Basic Medical Sciences, Fudan University, Shanghai 200032, China 

 

* Corresponding author. 

E-mail address: tianvv@shmu.edu.cn 

 

Abstract: Objective The hyperactivity of hypothalamic-pituitary-adrenal (HPA) axis caused by 

stress will inevitably break the neuroendocrine homeostasis and damage physiological functions. It 

has been demonstrated that electroacupuncture (EA) can modulate HPA axis hyperactivity during 

the perioperative period. As the initiating factor of HPA axis, hypothalamic corticotrophin-

releasing hormone (CRH) is the critical element that benefits from EA. However, the mechanism 

of EA reduces CRH synthesis and secretion remains unclear. Activated N-methyl-D-aspartate 
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receptor (NMDAR) has been linked to over-secretion of hypothalamic CRH induced by stress. To 

determine whether NMDAR is involved in EA regulating the over-expression of CRH, a surgical 

model of partial hepatectomy (HT) was established in our experiment. Methods The effect of EA 

on hypothalamic NMDAR expression in HT mice was examined. Then, we investigated whether 

the extracellular regulated protein kinases (ERK)/cyclic adenosine monophosphate response 

element-binding protein (CREB) signaling pathway mediated by NMDAR was involved in EA 

regulating HPA axis hyperactivity. Results It was found that surgery enhanced the expression of 

hypothalamic CRH and caused HPA axis hyperactivity. Intriguingly, EA effectively suppressed the 

expression of CRH and decreased hyperphosphorylation of NR2A, ERK, and CREB in HT mice. 

Both the NR2A and CREB antagonists have similar effects on normalizing the expression of CRH 

and HPA axis function compared with EA. Conclusion Our findings suggest that surgery enhances 

the phosphorylation of hypothalamic NR2A/ERK/CREB signaling pathway, thus promoting the 

synthesis and secretion of CRH. EA suppressed the phosphorylation of NR2A, ERK, and CREB in 

surgery mice, NR2A/ERK/CREB signaling pathway involved in EA alleviating HPA axis 

hyperactivity. 

Key words: NR2A/ERK/CREB signaling pathway; HPA axis; Electroacupuncture; CRH; Surgical 

trauma 

 

Back to top ↑ 

 

 

P-455 

The arcuate hypothalamic nucleus-expressed miR-15a regulates 

energy homeostasis in adult mice 

 

Nicola Murgia1*, Yuan Ma1*, Syeda S. Najam1, Qingxuan Lai1, Ilya A. Vinnikov1✉ 

1 Laboratory of Molecular Neurobiology, School of Life Science and Biotechnology, Shanghai Jiao 

Tong University, Shanghai, China. *, these authors contributed equally to this work. 

 



The 14th Annual Meeting of Chinese Neuroscience Society 

 

✉ Correspondence author 

E-mail: ilya.vinnikov@gmail.com 

 

Abstract: Chronic metabolic syndromes represent a growing medical and social problem 

worldwide. These diseases develop due to a combination of environmental, hormonal, epigenetic 

and genetic queues. The latter mechanisms include changes in energy homeostasis regulation by 

coding and non-coding genes such as microRNAs, both in the periphery and in the central nervous 

system (CNS). Within the arcuate nucleus of the hypothalamus (ARC), the critical metabolic center 

of CNS, we identified miR-15a as a crucial regulator of energy homeostasis. In this study, we 

demonstrated that obesity induced by Dicer disruption in the forebrain neurons was markedly 

attenuated by injection of liposomal formulations containing locked nucleic acid (LNA)-stabilized 

miR-15a mimic into ARC. Conversely, CRISPR-Cas9-mediated knock-out of miR-15a in the ARC 

neurons increased the body weight. Interestingly, we identified and validated a target of miR-15a 

previously linked to metabolic imbalance. It was significantly up-regulated in Dicer-depleted ARC 

while treatment by miR-15a-mimic significantly attenuated its expression, which was accompanied 

by significant weight and food intake attenuation. This work might open a way for new therapeutic 

approaches to treat chronic metabolic diseases. 

Keywords: Arcuate nucleus of the hypothalamus; microRNAs; CRISPR-Cas9 
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Abstract: Objective Many lines of evidence have indicated the motor part of midbrain red nucleus 

(RN) implicated in pain modulation but few studies have investigated how immune molecules 

interact in RN. To address this, we characterized the immune role of RN in pain processing. Our 

previous studies have demonstrated that diverse cytokines [interleukin-1β (IL-1β)，tumor necrosis 

factor-α (TNF-α)，nerve growth factor (NGF)，IL-10] in RN were involved in the development 

of neuropathic pain, among that IL-6 mainly mediated the maintenance of neuropathic pain through 

activating JAK/STAT3 and ERK signaling pathways. Nevertheless, whether RN IL-6 modulates 

the local and spinal cord immune molecules involved the regulation of neuropathic pain remains 

unknown. Here, the aim of the study is to elucidate the local and spinal downstream cytokines of 

RN IL-6 in the contribution to maintenance of neuropathic pain. Methods The right tibial nerve 

and common peroneal nerve of rats were tight-ligated to build spared nerve injury (SNI) 

neuropathic pain model. A single injection of recombinant rat IL-6 (20 ng) into the left RN of 

normal rats was used to establish IL-6-evoked hyperalgesia model. The mechanical paw withdrawal 

thresholds (PWT) of the right hindpaw of rats were dynamically assessed using Dynamic Plantar 

Aesthesiometer. Different dose of anti-IL-6 antibody (200ng) and inhibitors against main signaling 

pathways [JAK2 inhibitor AG490 (5.0 μg), ERK inhibitor PD98059 (2.5 μg)] were respectively 

microinjected into the RN of rats with mechanical allodynia. Pro-inflammatory cytokines and anti-

imflammatory cytokines at the site of RN (IL-1β and TNF-α) as well as in the spinal cord [TNF-

α ， IL-1β ， IL-6 ， transforming growth factor (TGF-β) ， IL-10] were observed using 

immunohistochemistry and western blotting. Results (1) Immunohistochemistry and western 

blotting demonstrated that significant up-regulations of IL-1β and TNF-α were observed in the RN 

and spinal cord at 3 weeks after SNI as compared with sham-operated and normal rats. 

Microinjection of anti-IL-6 antibody (500 ng) into the RN at 3 weeks after SNI could weaken the 

up-regulations of IL-1β and TNF-α. (2) Western blotting and immunohistochemistry demonstrated 

that microinjection of STAT3 inhibitor AG490, ERK inhibitor PD98059 into the RN at 3 weeks 

after SNI significantly decreased the expression of IL-1β., STAT3 inhibitor AG490, ERK inhibitor 

PD98059 also decreased the expression of TNF-α. (3) Further studies in the IL-6-evoked 
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hypersensitivity model indicated that IL-1β and TNF-α were up-regulated in the RN of rats, and, 

RN was pre-treatment with AG490 could reduce the expression of both IL-1β and TNF-α, while 

PD98059 can only decrease the IL-1β level. (4) Detection in the spinal cord indicated that SNI 

increased spinal TNF-α expression bilaterally and IL-1β ipsilaterally, as opposed to reduce the 

expression of TGF-β and IL-10 ipsilaterally, while intervention of anti-IL-6 antibody in RN 

restored spinal TNF-α，IL-1β，TGF-β，IL-10 expression to pre-injury levels. Hypersensitivity of 

nociception induced by local injection of exogenous IL-6 into the RN was suggested to promote 

the release of TNF-α，IL-1β, IL-6 and decrease the TGF-β，IL-10 contralaterally in the spinal 

cord. (5) Furthermore, injection 30 min earlier of AG490 than IL-6 decreased the contralateral 

spinal TNF-α ， IL-β and increased the contralateral spinal TGF-β ， IL-10. In addition, 

microinjection of PD98059 30 min prior to IL-6 decreased the contralateral spinal IL-6 and 

increased the contralateral spinal IL-10. Conclusion In this study, RN IL-6 might contribute to the 

neuropathic pain through a positive effect on local IL-1β by activating the JAK/STAT3 and ERK 

signaling pathways and promote the TNF-α through the ERK signaling pathway. Besides, RN IL-

6 modulate spinal TNF-α, IL-1β IL-10 via JAK/STAT3 pathways and IL-6, IL-10 via ERK 

pathways to mediate the maintenance of neuropathic pain. Therefore, these findings uncover 

important modulation role for IL-6 of RN in neuropathic pain and suggest potential mechanism of 

IL-6 confers the modulation, at least in part, providing potential therapy pathway for clinical 

neuropathic pain. 

Key Words: Red nucleus; neuropathic pain; spared nerve injury; interleukin-6; interleukin-1β; 

spinal cord; tumor necrosis factor-α; transforming growth factor-β 
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摘  要 

目的： 

下丘脑-垂体-性腺(hypothalamus-pituitary-gonadal，HPG)轴是调控机体生殖功能的神经内分

泌系统，下丘脑视前区的促性腺激素释放激素(GnRH)神经元分泌 GnRH，调节垂体分泌黄体

生成素(LH)和卵泡刺激素(FSH)，进而维持正常的生殖功能。HPG 轴功能启动的时间决定青

春期的开始。随着生活水平的提高，儿童肥胖引起的中枢性性早熟(CPP)的发病率逐年递增。

但目前肥胖引起性早熟的发生机制尚不清楚，明确高脂饮食对性早熟模型雌性小鼠下丘脑

GnRH 神经元的形态和功能的影响，对进一步揭示 CPP 的产生机制及治疗策略具有重要的意

义。 

方法： 

动物采用 C57BL/6 GnRH-GFP雌性小鼠，生后当天给母鼠投与高脂饲料或标准饲料，生后 21

天分笼后继续饲以同种饲料，观察雌鼠的体重、每日摄入量、每日摄入卡路里量及青春期启

动时间(即阴道开口时间)，记录子宫、卵巢、脂肪的重量，比较 GnRH 神经元的形态及电生

理特性。以高脂饮食组小鼠的青春期启动均值为界限，将所有小鼠分为对照组(标准饮食，

Ctrl)、实验组(高脂饮食，HFD)。在第 24 天(PN24)和第 30 天(PN30)时进行采样：1、血清：

小鼠深度麻醉后采用断头采血法，将血液收集到 1.5 ml 抗凝离心管中混匀，静置后离心取上

清，之后使用酶联免疫吸附(Elisa)法进行雌二醇(E2)、LH 和 FSH 激素水平测量；2、脑组织：

剥离大脑放入 4%多聚甲醛(PFA)固定；3、急性分离脑片：用于电生理实验；4、性腺组织：

用于苏木精-伊红(HE)染色法。通过全细胞膜片钳记录和激光共聚焦显微镜成像法比较两组

小鼠 GnRH 神经元的功能及形态：急性脑片(300 μm)制备后，使用含 Neurobiotin(1%)的钾电

极内液对 GnRH 神经元进行全细胞膜片钳记录，记录内容主要为主动膜特性(动作电位幅度、

阈值、后超极化电位、半宽度、Ih及 IA等)和被动膜特性(输入电阻、静息膜电位、膜电容)，

比较不同组别小鼠 GnRH 神经元电生理特性。全细胞膜片钳记录结束后将脑片置于 4% PFA
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固定过夜，次日使用缓冲液清洗后，加入罗丹明孵育 6~8 小时，随后封片晾干，激光共聚焦

拍片，比较小鼠 GnRH 神经元形态学特性。 

结果： 

(1) PN27 时，与对照组比较：实验组摄入量和摄入卡路里量显著增加；体重在分笼时(PN21)

即显著增加；阴道开口时间提前。 

(2) 与对照组比较，PN24 时，实验组皮下脂肪、性腺周围脂肪、子宫卵巢重量无显著改变；

PN30 时，实验组皮下脂肪、性腺周围脂肪及子宫卵巢重量均显著增加。 

(3) 与对照组比较，实验组皮下脂肪细胞及性腺周围脂肪脂肪细胞显著增大。 

(4) 与对照组比较，实验组 PN24 的 FSH、LH 及 E2；PN30 的 FSH 及 E2 未发生显著改变，但

PN30 时 LH 显著升高。 

(5) 与对照组比较，实验组 PN24 时，GnRH 神经元胞体大小及树突棘密度未见显著差异；而

PN30 的 GnRH 神经元胞体增大，树突棘密度增加。 

(6) 与对照组比较，实验组 PN24 时，两组之间的 AP 阈值、AP 半宽度及放电频率无明显改

变；而 PN30 时的 GnRH 神经元表现为 Action Potential (AP) 阈值增大、AP 半宽度减小，放

电频率增加，AP 振幅增大，表达 Ih 电流的神经元数量增加，表达 IA 电流的神经元数量减少。 

结论： 

高脂饮食可诱发雌性小鼠青春期启动提前，可能与 LH 分泌增加，GnRH 胞体增大、树突棘

密度增加和 GnRH 神经元 AP 半宽度减小、放电频率增加有关。 

关键词：性早熟；肥胖；GnRH 神经元；电生理特点；形态 
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Abstract：Scope A growing number of studies have reported the effects of eicosapentaenoic acid 

(EPA) and terrestrial phospholipids, such as soybean lecithin, on ameliorating mood disorders. 

Marine-derived EPA-enriched phospholipids (EPA-PL) exhibit the structural characteristics of 

EPA and phospholipids. However, the effect of dietary EPA-PL on mood disorders has not been 

studied; moreover the differences between amphiphilic EPA-PL and lyophobic EPA on alleviating 

mood disorder are not clear. Methods and Results: We have performed a comparative 

investigation to determine the effects of dietary EPA-enriched ethyl ester (EPA-EE) and EPA-PL 

on improving depression- and anxiety-like behaviour in a mouse model, induced by four-week 

chronic unpredictable mild stress (CUMS) coupled with lipopolysaccharide (LPS) challenge. We 
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found that administration of 0.6% (w/w) EPA-PL for four weeks rescued CUMS- and LPS-induced 

depression- and anxiety-like behaviour to a greater extent than did EPA-EE. Moreover, dietary 

EPA-PL significantly reduced the immobility time in forced swimming test by 56.6%, close to 

normal levels, which revealed a reversal of depression-like behavior. Further studies revealed that 

dietary EPA-PL regulated immunity, monoamine systems, and the hypothalamic–pituitary–adrenal 

(HPA) axis by multi-target interactions, including inhibition of neuroinflammation and apoptosis. 

Conclusion: EPA-PL exerted superior effects to EPA-EE in alleviating depression- and anxiety-

like behaviour. Our data suggest potential novel candidate or targeted dietary patterns to prevent 

and treat mood disorder. 

Key words: EPA, phospholipids, mood disorder, immunity, neuroinflammation, apoptosis, 

monoamine systems, HPA axis 
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Abstract: Objective: As the core brain region of the neuroendocrine system, hypothalamus is 

closely related to neurotransmitter secretion and nerve signal conduction. Researches found that 

the neuroendocrine dysfunction induced by stress can be ameliorated by electroacupuncture (EA). 

However, the current understanding of the therapeutic mechanism is not very clear. This study 

aimed to investigate the role of EA on hypothalamic miRNA and mRNA expression profiles in 

surgical trauma rats and explore the potential mechanism of EA in regulating neuroendocrine 

dysfunction. Methods: Male Sprague-Dawley (SD) rats were randomly divided into normal control 

(NC) group, hepatectomy (HT) group, and hepatectomy+electroacupuncture (HT+EA) group. Mice 

in the HT and HT+EA groups received partial hepatectomy surgery, and the HT+EA group mice 

received EA intervention at Zusanli (ST36) and Sanyinjiao (SP6). RNA-sequence analysis was 

performed to detect the changes in mRNA and miRNA expression in the hypothalamus. Then, the 

potential functions of differentially expressed genes (DEGs) were analyzed by Gene Ontology (GO) 

and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis.  Results: 

A total of 136 mRNAs and 56 miRNAs were differentially expressed in the HT group compared 

with the NC group. Results of GO analysis suggested that DEGs in the HT group are mostly related 

to the regulation of circadian rhythm, regulation of neurotransmitter transport. Enrichment analysis 

of the KEGG pathway revealed that DEGs were enriched in neurotrophin, apoptosis, endocrine 

resistance signaling pathway. Compared with the HT group, the expression levels of 162 mRNAs 

and 71 miRNAs in the HT+EA group changed significantly. GO analysis showed that the 

differential genes of the HT+EA group related to thyroid hormone generation and glial cell 

development. KEGG analysis indicated that DEGs are enriched in glutamatergic synapse, 

GABAergic synapse, retrograde endocannabinoid signaling. Among the screened miRNAs that 

were found to undergo significant alterations during HT and EA, miR-128-3p is closely related to 

the selected KEGG pathway. Subsequent verification found that the expression of miR-128-3p 

upregulated after surgical trauma, whereas decreased notably in the HT+EA group. Conclusions: 

RNA-Seq analysis showed that the gene expression pattern in hypothalamus was changed after 

surgery, and EA could ameliorate HPA axis dysfunction and regulate neuroendocrine dysfunction 

caused by surgical trauma. The discovery of the miR-128-3p pathway provides a target for 

subsequent studies on the mechanism of EA regulating neuroendocrine dysfunction. 

Key words: Neuroendocrine; Hypothalamic-pituitary-adrenal axis; Electroacupuncture; Surgical 

trauma; RNA-sequence; miR-128-3p. 
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Abstract: Objective Obesity and diabetes in human is associated with higher prevalence of anxiety. 

Supporting research found that high-fat diet induced anxiety and depression-like behaviors through 

changes in microbiome and insulin resistance in rodents. However, the role of hyperglycemia in 

affecting neurobehaviors remains unclear. Hence, the present study seeks to determine whether 

hyperglycemia results in anxiety-like symptoms and investigates the underlying mechanism in 

Streptozotocin (STZ) induced diabetes mice. Methods This study assessed anxiety-like behaviors 

of diabetic mice by using Light-dark box, Open field test, Elevated plus maze. The measurement 

of neuroinflammation related genes and proteins was identified by QPCR and ELISA. Besides, 

Morphological analysis of microglia was also introduced to this experiment. Lastly, CCL2 KO mice 

was generated to measure the molecular mechanism. Results (1) Hyperglycemia leads to anxiety-

like behaviors in STZ induced diabetes mice. (2) Hyperglycemia increases neuroinflammation and 

microglial activation and the abnormal behaviors can be rescued by minocycline, an inhibitor of 

neuroinflammation. (3) The increase in CCL2, a chemokine, responses to hyperglycemia induced 

neuroinflammation. (4) The deficiency of CCL2 can rescue hyperglycemia-induced 

neuroinflammation and anxiety-like behaviors in STZ induced diabetes mice. Conclusion 

Hyperglycemia modulates anxiety-like behaviors through CCL2-induced neuroinflammation in 

diabetes mice. 

Keywords: Hyperglycemia; anxiety-like behaviors; neuroinflammation; CCL2; Streptozotocin 
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Abstract：Objective: Background stress includes both the long-term stress, and the daily stress. 

A very recent study assessed the long-term (three months) background stress level, and found 

higher background stress was associated with lower activation of the dorsal anterior cingulate 

cortex (dACC) in response to the ongoing acute stressors. However, so far, the neural mechanism 

underlying the impact of the daily stress on ongoing acute stress reactivity have not been elucidated. 

The current study examined the role of stress neurocircuitry, especially the hippocampus, in 

habituation to stress. Methods: To this end, as an index of background stress in 44 young healthy 

individuals, the total stressful rating score of daily life stress events that occurred in a 24-hour 

period was quantified. Individuals were then administered the Montreal Imaging Stress Task (MIST) 

while undergoing functional magnetic resonance imaging (fMRI) scans, and their saliva samples 

were collected for assessment of the stress hormone cortisol. Results: Results revealed that a higher 

level of background stress was associated with lower salivary cortisol secretion and lower 

activation of the left hippocampus in response to the MIST. Further, a higher level of background 

stress was associated with stronger functional connectivity between the left hippocampus and the 

ventral medial prefrontal cortex/subgenual anterior cingulate cortex.  Conclusions: Taken together, 
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the present study suggests that a higher level of background stress leads to a dampened 

neuroendocrinological response to acute psychological stress in young healthy individuals.  

Keywords: background stress, acute psychological stress, Montreal Imaging Stress Task (MIST), 

Hypothalamic-Pituitary-Adrenal axis (HPA axis), hippocampus  
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Abstract: Recent studies have demonstrated that the skeletal diseases are closely related with the 

abnormal function of the central nervous system: the function of the central nervous system display 
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abnormal during the progression of the skeletal disease. RANKL is an important bone-derived 

factor which play crucial roles in regulating the bone metabolism and maintain the body 

homeostasis, however up to now the function of RANKL in regulating the central nervous system 

and underlying mechanism is not clear. Our study aims to investigate the mechanism of bone 

derived RANKL in regulating the central nervous system. Methods: we using the technique of 

neural circuits tracing, optogenetics, electrophysiological recording and bone metabolism analysis. 

Results: RANKL could enter the brain and NTS is the target nucleus for RANKL to act on the 

central nervous system. RANKL could inhibit GABAergic neuron in NTS, and then excite the 

sympathetic nervous system to induce bone loss. Conversely, chemogenetic activation of NTS 

GABAergic neuron increase bone mass. Conclusion: Our study illustrate the molecular 

mechanisms of RANKL in targeting specific brain regions and regulating the central neural 

functions; provide evidence in understanding the pathogenesis of brain abnormalities induced by 

skeletal disease; and propose a potential strategy to intervene the central neural malfunctions during 

the progression of the skeletal disease. 

Keywords: RANKL; RANK; NTS; GABA 
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Abstract：Recent studies suggest that reward anticipation decreases individuals’ acute stress 

responses. However, individuals who have experienced early life stress may have a blunted capacity 

for reward anticipation, which reduces its buffering effect on psychosocial stress responses. To 

investigate this phenomenon, 66 young adults completed the Trier Social Stress Test following a 

reward anticipation task, and their early life stress levels were measured using the Childhood 

Trauma Questionnaire. Meanwhile, the current study collected biological and psychological 

measures of stress by analysing cortisol levels, heart rates, heart rate variability (HRV) as well as 

subjective stress levels, in response to the Trier Social Stress test. Results showed that reward 

anticipation successfully decreased acute stress responses in general, and it also improved 

participants’ HRV. However, this effect was more evident in individuals with low early life stress 

than those with high early life stress. These findings help us deepen understanding of the role of 

reward anticipation in fostering resilience under stress and the potentially important implications 

for individuals who have been exposed to early life stress are also discussed.  

Keywords: reward anticipation; Trier Social Stress Test; early life stress; cortisol; heart rate 

variability 
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Abstract: Objective Parathyroid hormone (PTH) is one of the most important hormones 

responsible for bone turnover and calcium homeostasis. It is mainly secreted from parathyroid 

gland and the level is precisely controlled by humoral and hormonal stimulations. However up to 

now, the effects and underlying mechanism of central neural regulation of PTH in mammals 

remains largely unknown. The present study is to explore the mechanism of central nervous system 

regulates serum PTH. Methods We used approaches including neural-specific retrograde tracing, 

a PTH-Biotin binding assay, and cFos staining to identify the brain nuclei responsible to PTH 

changes; and used chemogenetics to study the effects of central neural regulation of circulating 

PTH. Results (1) We have primarily identified subfornical organ (SFO) and paraventricular nucleus 

(PVN) which are responsible for serum PTH changes. (2) We have also found that serum PTH was 

suppressed by stimulation of SFOGABA neurons followed by a decrease in trabecular bone mass. 

Conversely, stimulation of SFOVGlut neurons promoted serum PTH and bone mass. (3) The 

paraventricular nucleus (PVN) is downstream of the SFO, and chemogenetic activation of 

PVNCaMKII neurons induced an increase in serum PTH. Conclusion Distinct neuronal subtypes in 

the SFO are responsible for bidirectional regulation of serum PTH and bone metabolism, which is 

mainly mediated through the PVN and the peripheral nervous system.  

Keywords: Parathyroid; subfornical organ; bone  
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摘要：目的 抑郁症是常见的情感障碍性疾病，发病机制复杂。近年来研究发现，抑郁症患者

存在能量代谢异常。有研究报道，血红蛋白β亚基（Hbb）表达于小鼠中脑多巴胺（DA）能

神经元内，其作用与线粒体的功能和能量代谢密切相关，并参与多种神经系统疾病发生。但

是，脑内 Hbb 与抑郁症能量代谢异常和神经递质合成是否相关尚不清楚。方法 腹腔注射脂多

糖（LPS，3mg/kg）建立急性抑郁小鼠模型，利用旷场、悬尾和强迫游泳实验检测动物行为

学；采用Western Blot、免疫组织化学和 ELISA等方法检测中脑Hbb、能量代谢和DA水平；

慢病毒转染建立 Hbb 敲减的 SH-SY5Y 细胞系，采用 Western Blot 和 ELISA 检测细胞能量代

谢和 DA水平。结果 LPS注射 24小时后，小鼠悬尾和强迫游泳实验中的不动时间显著延长，

在旷场中心区域活动时间显著减少。抑郁模型组中脑 HbbmRNA 和蛋白表达下降，中脑 ATP

和线粒体复合物Ⅲ、Ⅴ表达减少，同时中脑 VTA 中酪氨酸羟化酶（TH）表达也显著降低。

体外实验显示 Hbb 敲减的 SH-SY5Y 细胞中 ATP、线粒体复合物和 TH 水平均有显著降低。

结论 上述结果提示，中脑 Hbb 表达下降导致神经元能量代谢异常，影响 DA 的合成，这可能

与抑郁症的发生有关。 

关键词：抑郁症，血红蛋白 β 亚基，能量代谢，多巴胺 
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摘要：目的 抑郁症(Depression)是一种神经免疫性疾病，神经炎症是抑郁症的主要病理改变。

已有研究发现，蛋白的异常糖基化可导致糖链结构和糖蛋白功能紊乱，影响神经免疫调控。

β-半乳糖苷α2,6-唾液酸基转移酶 (ST6Gal I)能够催化末端α2,6 唾液酸链接于 N-糖链上，参

与唾液酸化修饰。然而，ST6Gal I 和唾液酸化修饰是否与炎性抑郁症有关至今不清。方法

LPS（1mg/kg）腹腔注射建立抑郁小鼠模型，24h 后进行旷场实验 (open field test, OFT)、高

架十字迷宫(elevated plus-maze, EPM)、强迫游泳(forced swimming test, FST)以及悬尾实验(tail 

suspension test, TST)检测小鼠行为学变化；利用质谱和凝集素印记法、蛋白质印记法检测血

清和脑中唾液酸化改变，q-PCR 和 ELISA 检测血清和脑内炎性因子和 ST6Gal I 表达；免疫组

化检测全脑和海马、前额叶皮质中 ST6Gal I 表达水平。结果 抑郁模型小鼠在 OFT 中心区域

和 EPM 实验开放臂活动时间均显著减少，TST 和 FST 中不动时间均有显著上调。血清 IL-

1β,TNF-α 和 IL-6 表达升高，ST6Gal I 和唾液酸化水平上调。此外，抑郁模型小鼠脑内炎性因

子表达上调，ST6Gal I 表达减少以及唾液酸化水平降低。结论 上述结果表明，炎性抑郁小鼠

模型的外周和脑内 ST6Gal I 和唾液酸化呈现不同的改变特征。 

关键词：抑郁症，唾液酸化；ST6Gal I，炎性因子 

 

Back to top ↑ 

 

mailto:2286130554@qq.com


The 14th Annual Meeting of Chinese Neuroscience Society 

 

P-467 

Molecular mechanism underlying CCL2 release and uptake 

during neuroinflammation 
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Abstract: Systemic inflammation, if untreated, could lead to neuroinflammation. A number of 

cytokines and chemokines have been shown to be rapidly released during the early phase of 

neuroinflammation. Previous work in our laboratory found that the CC chemokine ligand (CCL)-2 

is present at high levels in the cerebral spinal fluid (CSF) during the early phase of 

neuroinflammation. We further showed that pericytes, the mural cells of blood micro-vessels, 

released CCL2, which in turn elevated neuronal excitability and excitatory synaptic transmission 

in multiple neuronal types. Here, we investigate the mechanism by which pericytes (and other cell 

types) release CCL2, and how CCL2 activates target cells (neurons, astrocytes and microglia). 

Furthermore, we want to know the way by which CCL2 increases excitatory synaptic transmission. 
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Abstract: Objective The cholinergic anti-inflammatory pathway (CAP) has been implicated in the 

regulation of various inflammatory diseases, including chronic inflammatory cardiovascular 

disorders such as atherosclerosis (AS). This study aims to explore the underlying mechanisms of 

CAP activity in atherogenesis. Methods: The Apoe
-/-

 mice (8-week-old) were subjected to sham, 

bilateral cervical vagotomy surgery (VGX) and VGX supplemented with Gainesville Tokushima 

scientists (GTS)-21 (4 mg/kg/d) stimulation, and then fed with high fat diet (HFD) for 10 weeks. 

Atherosclerotic lesion size and inflammation levels were investigated by histology and 

inflammatory cytokines analysis. The blood M1/M2 macrophages were analyzed by flow cytometry. 

The induced polarization of primary mouse bone marrow-derived macrophages (BMDM) and 

RAW264.7 cells were treated with acetylcholine (Ach) and GTS-21 to study their effects on M1 

and M2 macrophages. Results: Compared with the sham group, inhibition of CAP activity by the 

VGX resulted in increased aortic lipid plaque area, deteriorated inflammatory level and aberrant 

blood M1/M2 macrophages in HFD-fed Apoe-/- mice; while these detrimental effects of VGX were 

significantly ameliorated by reactivation of CAP through GTS-21 treatment. Mechanically, we 

found that Ach and GTS-21 stimulation suppressed LPS / INF-induced M1 macrophage function 

through the upregulation of TNFAIP3, but promoted IL4-induced M2 macrophage polarization 

through STAT3 phosphorylation in primary BMDM and RAW264.7 cells. Conclusions: The 

activity of CAP contributes to AS progression in HFD-fed Apoe
-/-

 mice by regulating M1/M2 

macrophage. 

Key words: Cholinergic anti-inflammatory pathway; Atherosclerosis; Inflammation; M1/M2 

macrophage. 
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Abstract: Background Wilson disease, though as a classic hereditary disease, has a higher 

probability of coexisting immune-mediated diseases. It is still unknown that whether autoimmune 

mechanism involved in neurological manifestations in Wilson disease patients, especially with 

epilepsy. In this study, we aimed to identify autoantibodies for Wilson disease.  Methods We 

screened antibodies (Abs) that selectively bind to rat brain astrocytes using tissue-based indirect 

immunofluorescence assays (IFA) with sera from WD patients with seizure. Abs purified from IFA-

positive patients’ sera were subjected to immunoprecipitation (IP) using rat  hippocampus lysates. 

Immunoprecipitates were analyzed to identify target autoantigens. Immunofluorescence staining of 

transgenic mice and cells with corresponding protein knockout further confirm the antigens of 

autoantibody. The serum of other patients was tested by immunofluorescence staining. We use in 

vitro stimulation experiments to differentiation of PBMCs into antibody-secreting cells in patients. 

Results Two of 7 WD patients with epilepsy had a characteristic pattern of serum Abs binding to 

astrocyte in rat brain sections. The positivity rates were significantly higher in WD patients with 

epilepsy than in non-WD patients (22% vs 0%). Analysis of Abs subclasses showed a predominance 

of the IgG1 subclass. IP analysis of these patients' autoantibodies binding glial fibrillary acidic 

protein (GFAP). Eleven of 115 WD patients combined with GFAP were obtained by IFA and cell -

based assay. Circulating B cells differentiated in vitro and produced GFAP-Abs from 

unfractionated PBMC cultures. GFAP-Abs comes from the germinal center in the blood. 
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Conclusion We identified that there were GFAP specific antibody and GFAP specific B cells in 

some WD patient's serum. 

Keywords: glial fibrillary acidic protein antibodies; Wilson disease; epilepsy; autoimmune 

mechanism 
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运动和氟西汀对慢性心衰伴抑郁小鼠的“双心”干预及机制 
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摘要：背景 越来越多的研究表明，慢性心力衰竭（Chronic Heart Failure，CHF）和抑郁症

（Depressive Disorder）有很高的共病机率，二者互为因果，互相加重，使“心脏-心理”的“双

心”学说日益受到重视。运动作为一种方便而有效的抗抑郁手段已经被广泛认可，氟西汀

（Fluoxetine，FLX）则是临床上应用最广泛的抗抑郁药物，运动和 FLX 能否有效改善 CHF

伴抑郁小鼠的抑郁行为，同时二者对于心室重构的影响及机制不清。方法 本研究利用 C57/6J

小鼠进行主动脉弓缩窄术（Transverse Aortic Constriction，TAC）制备 CHF 合并抑郁模型，

在代偿期分别给予自主转轮运动或 FLX 对 CHF 鼠进行干预；采用心动超声检测心功能、心
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室壁厚度和心肌运动协调性；采用行为学分析抑郁样行为；采用 HE 染色观察心肌形态；采

用 q-PCR 检测 ANP、α-MHC、β-MHC、Collagen-Ⅰ和Ⅲ等心室重构相关指标；通过 Elisa 和

WB 检测心肌线粒体能量代谢、线粒体自噬和线粒体融合与分裂相关指标、胆碱能神经活性

及炎症相关指标对相关机制进行探讨。结果 运动和 FLX 均能有效改善 CHF 鼠的抑郁行为、

心脏功能和心室重构，相对于 FLX，运动对代偿期心衰更具优势；运动和 FLX均能改善线粒

体功能，抑制线粒体自噬，减缓活跃的线粒体融合和分裂，增强心脏胆碱能神经活性。结论 

以上结果表明，运动与 FLX 均减轻 CHF 导致的抑郁样行为，并通过改善心肌线粒体功能延

缓心室重塑，通过胆碱能神经改善心衰症状。 

关键词：心衰；抑郁；运动；氟西汀 
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Abstract: Objective AT-rich interaction domain 5A (ARID5A) is a member of the ARID family 

with a function that has been linked to autoimmune as well as inflammatory diseases. Some ARID 

family members are involved in the initiation and progression of human cancers. However, the 
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function of ARID5A in glioma remains unknown. The present study is to explore the role and 

mechanism of the occurrence of ARID5A in glioma. Methods ARID5A expression levels were 

analyzed using the Gene Expression Profiling Interactive Analysis (GEPIA) database. 

Subsequently, the relationship between ARID5A expression and the clinical characteristics of 

glioma patients was evaluated using the Chinese Glioma Genome Atlas (CGGA) database and The 

Cancer Genome Atlas (TCGA) database. The prognostic value of ARID5A in glioma was estimated 

by Kaplan-Meier analysis and the receiver operating characteristic (ROC) curve analysis. Gene 

ontology (GO) analysis and gene set enrichment analysis (GSEA) were performed for functional 

prediction. The Tumor Immune Estimation Resource (TIMER) database was used to analyze the 

relationship between ARID5A and immune cell infiltration in glioma. Results The expression of 

ARID5A was upregulated in glioma compared with that in nontumor brain tissues. High expression 

of ARID5A is associated with poor prognosis in glioma. We found that the expression of ARID5A 

was significantly upregulated with an increase in tumor malignancy. GO analysis revealed that co -

expression genes of ARID5A are significantly involved in some important functions in glioma, and 

GSEA showed that multiple cancer-associated and immune-associated signaling pathways are 

enriched in the high ARID5A expression group. TIMER database indicated that ARID5A is 

correlated with tumor-infiltrating immune cells in glioma. Conclusion ARID5A may be a potential 

prognostic biomarker and is correlated with immune infiltration in glioma. 

Keywords: glioma; ARID5A; prognosis; immunity; CGGA; TCGA 
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Abstract: Objective CD4+ Foxp3+ regulatory T cells (Tregs) play an important role in suppressing 

visceral pain which is caused by internal organ disorders. TNFR2 was previously reported to inhibit 

chronic pain by promoting Treg proliferation. However, the underlying mechanism of TNFR2 of 

Tregs on attenuating visceral hypersensitivity still needs to be studied. Methods To further explore 

the underlying mechanism of TNFR2-expressed Tregs in visceral pain, we FACS-sorted 

highly/lowly expressed-TNFR2 of Tregs for microarray and qPCR analysis. To verify whether 

TLR8 mediated Treg proliferation, we analyzed the number of Treg cells in TLR8 KO mice. 

Furthermore, to determine the effect of TLR8 on Treg proliferation of visceral pain mouse model, 

we separated infant wild-type C57BL/6J mice from mother 10 days after birth, 3 hours per day for 

14 days. Until mice were 6-8 weeks old, these mice were injected with 2mg/mL TLR8 agonist 

VTX-2337 for 3 consecutive days. After that, visceral sensitivity of mice was estimated by 

colorectal distension and the number of Treg cells were analyzed. Results TLR8 was shown to be 

related with TNFR2-expressed Tregs. Furthermore, the expression level of TLR8 in Tregs was 

increased by stimulation of TNF. The number of Tregs in TLR8 KO mice was higher than that of 

wild type mice. We found that TLR8 increased visceral hypersensitivity by inhibiting Treg cells 

proliferation. Conclusion Targeting TLR8 may be a promising strategy for the control of visceral 

pain. 

Keywords: TLR8, Treg cell, visceral pian  
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丘脑室旁核介导褪黑素促睡眠作用的机制研究 
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摘要 

目的：褪黑素是一种重要的促睡眠体液因子，迄今其发挥作用的机制尚不完全清楚。在前期

我们发现丘脑室旁核（PVT）是重要促觉醒核团基础上，本研究旨在分子、细胞、环路和行

为水平上，深入研究褪黑素系统与 PVT 神经元之间的形态和功能联系，进而分析其在 PVT

在褪黑素促睡眠行为中的作用及其机制。 

方法：免疫组织化学方法；离体膜片钳技术；神经药理学技术；多通道记录技术；

EEG/EMG 监测技术 

结果：PVT 神经元上 1 型、2 型褪黑素受体均有表达。褪黑素通过激活钾通道，并抑制神经

元间兴奋性传递，进而抑制 PVT 神经元的兴奋性。褪黑素Ⅰ型、Ⅱ型受体阻断剂均能部分阻

断褪黑素对 PVT神经元的抑制效应，且以Ⅰ型受体为主。PVT 脑区微注射外源性的褪黑素可

抑制 PVT 神经元放电，并促进睡眠；反之注射褪黑素阻断剂 luzindole 则促进觉醒，减少睡

眠。 

结论：PVT 是褪黑素发挥促睡眠效应的一个重要靶点,在睡眠发生时，高水平的褪黑素通过抑

制 PVT 神经元的兴奋性，进而促进睡眠。 
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摘要：颅内表皮样囊肿来源于异味胚胎残余组织的外胚层，是一种先天性良性病变，约占所

有颅内肿瘤的 1%，好发于桥小脑角区，鞍上池、脑室系统及中颅凹。它多沿自然间隙、脑

池或蛛网膜下腔塑形生长，鳞状上皮在囊肿内持续地脱屑，与鳞状上皮角蛋白的分解产物形

成质地柔软的白色物质充满囊内。表皮样囊肿壁是由一层无血管的复层鳞状上皮组成，囊肿

内容是由脱落的上皮细胞和胆固醇结晶组成。在组织学上，它虽属于良性，但是少数病例仍

有恶性病变的趋势，恶变率为 0.52%。在临床上对该病的诊断多依赖于影像学以及患者术后

的病理结果，然而影像学中又分为典型表现与非典型表现，所以对病人的最终诊断大多依赖

于病人术后组织病理诊断。通过脑脊液液体活检确诊此类疾病的病例鲜有报道。本文报道了

一例女性患者，经脑脊液病理细胞学确诊颅内胆脂瘤。患者女，24 岁，因头痛、头晕伴颈项

强直、疼痛一月余，后出现头疼加重难以忍受并间断恶心呕吐，四肢无力且出现发热遂于当

地医院就诊。行头颅 MRI 示双侧桥小脑角区异常信号，住院对症治疗后症状仍逐渐加重，并

出现意识不清、抽搐等，约半小时后症状缓解。后仍有间断意识不清。发病以来，体重减轻

2Kg。于本院辅助检查颅脑 MRI 结果示：双侧额叶、小脑蚓部异常信号；双侧侧脑室内积血

可能；部分脑沟、脑裂内高信号影；脑干周围、颈髓背侧异常信号。头颅增强结果为：双侧

大脑半球对称，脑干（延髓）周围见团状低信号，增强无强化，左侧病灶区内见强化结节灶。

脊髓内见片状不均匀强化。小脑蚓部见斑片状低信号。脑干（延髓）周围异常信号增强无强

化，待排表皮样囊肿可能，脊髓内见片状不均匀强化，小脑蚓部斑片状低信号，梗死可能。

影像学结果不能对病人进行最终诊断。 

方法：对患者行腰穿检测，经粟式沉淀器离心制片，瑞氏吉姆萨（MGG）染色，结果显示脑

脊液中出现大量非正常似脱落样细胞且伴有炎细胞，经巴氏染色可明确似脱落样细胞为鳞状

上皮细胞，经免疫组化染色证实：细胞角蛋白（CK7；CK5/6）呈阳性显示，提示该细胞来

源于上皮，同时对脑脊液细胞行油红 O 染色，发现细胞内吞噬物为阳性显示，即吞噬物中含

大量脂肪油滴。 
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结果：通过上述各种染色可以确定这些非正常细胞为鳞状上皮细胞，病人颅内存在表皮样囊

肿。 

结论：脑脊液液体活检可作为中枢神经系统肿瘤微创诊断和治疗检测的有效途径。 

关键词：胆脂瘤 脑脊液液体活检  
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Abstract: Objective Omega-3 polyunsaturated fatty acids (PUFAs) have been known to afford the 

hosts neuroprotective effects and may represent a potential treatment modality for a variety of 

neurodegenerative and neurological disorders. Exogenous supplementation of omega-3 PUFAs 

generated discrepancy in terms of the effects on the transgenic mouse models of Amyotrophic 

Lateral Sclerosis (ALS). Our previous study confirmed a (mammalian) codon-optimized mfat-1 

gene could efficiently convert omega-6 PUFAs into omega-3 PUFAs in the mammals. The current 

research is to explore the treatment effect of lentivirus-mediated mfat-1 on SOD1-G93A mice. 
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Methods SOD1-G93A mice were given a single tail vein injection of the lenti-mfat-1 particles, and 

the control group was given the same dose of lenti-GFP. The body weight, motor function, and 

survival rate were monitored. Results Compared with the lenti-GFP group, the blood level of AA 

was significantly reduced, while the levels of EPA and DHA increased, in the mice treated with 

lenti-mfat-1. Significant reduction of the inflammatory response of nerve cells, delayed onset time, 

prolonged survival time, and improved motor functions were observed in the lenti -mfat-1 treated 

SOD1-G93A mice. Conclusion Lentivirus-mediated mfat-1 gene therapy exhibited a significant 

therapeutic effect in SOD1-G93A mice. The mfat-1-initiated endogenous elevation of omega-3 

PUFAs levels can be a promising therapeutic potential for ALS. 

Keywords: Lentivirus; mfat-1; Omega-3 polyunsaturated fatty acids; Amyotrophic lateral sclerosis; 

Treatment 
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Abstract: Aging is an inevitable process characterized with progressive loss of physiological 

integrity with increased susceptibility to cancer, diabetes, cardiovascular, and neurodegenerative 

diseases. Among which,aging is the primary risk factor for Alzheimer’s disease(AD) which is 

characterized with extracelluar deposition of amyloid aggregation,intracellular accumulation of 

neurofibrillary tangles composed of hyperphosphorylated tau protein in the brain. In addition,  

synapse loss and a wide range of neuronal loss are pivotal pathologies in AD brain. Accumulated 

evidence demonstrate hypoactivation of hippocampal neural network in aging brain versus 

hyperactivation in AD-associated mild cognitive impairment (AD-MCI), followed by diminution 
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of hippocampal activity when AD progresses. The biphasic trends of the activity of hippocampal 

neural network are consistent with the alteration of N-methyl-D-aspartate receptor (NMDA-R) 

activity from aging to prodromal (AD-MCI), and to mid-/late stage of AD brain. D-serine, a product 

of racemization catalyzed by serine racemase (SR), is an important co-agonist of glycine-binding 

site of NMDA-R which is involved in synaptic events including neurotransmission, synaptogenesis, 

long-term potentiation (LTP), development, excitotoxicity. SR and D-serine are decreased in 

hippocampus of aging brain, correlating with impairment of cognitive function. By contrast, SR is 

increased in AD brain which possesses a greater degree of cognitive dysfunction. Emerging studies 

suggest that D-serine levels in the brain or in cerebral spinal fluid from AD patients are higher than 

age-matched population; the results are though inconsistent. Very recently, a study indicates that 

serum D-serine levels in AD are higher than age-matched population and parallel with AD stage, 

by stratifying gender and clinical demential rating (CDR) stage. This abstract will discuss alteration 

of NMDAR and SR in aging and brain, and further probe the mechanisms underlying the differential 

regulation of SR.  Collectively, we propose that SR may be a molecular switcher to differentiate 

aging from AD brain.  
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Abstract: Neurological diseases, including neurodevelopmental and neurodegenerative diseases, 

are one of the biggest challenges to human health. Yet, there is no cure to stop or slow down the 

progression of these diseases. The lack of therapeutic options is largely due to our limited 

understanding of the underlying molecular and cellular mechanisms.  

We have developed a CRISPR- based functional genomics platform in human neurons that enables 

systematically identification of key factors regulating disease-relevant neuronal phenotypes 

through large-scale genetic screens. This platform combines CRISPRi/a technology with a scalable 

method to generate human neurons from induced pluripotent stem cells (iPSCs). We have also 

integrated this platform with single-cell sequencing and high-content imaging to enable screens 

with high-dimensional readouts, such as transcriptome and neuronal morphology.  

Utilizing this platform, we have conducted the first genome-wide CRISPRi and CRISPRa screens 

in human neurons, which uncovered neuronal-specific factors regulating neuronal survival and 

oxidative stress response. We elucidated a novel pathway that links lipid degradation in the 

lysosome to neuronal ferroptosis. We have also uncovered genes that have striking effect on 

neuronal transcriptome and neurite morphology through single-cell and imaging screen 

respectively. 

Thus, our CRISPR-based screening platform in human neurons is a powerful tool to systematically 

study the molecular and cellular mechanisms of human neurological diseases. 

Keywords: neurodegeneration, neurodevelopmental diseases, CRISPR screening, iPSC-derived 

neurons, oxidative stress, ferroptosis 
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Abstract: Objective: Retinitis pigmentosa (RP) is an irreversible blinding eye disease, studies have 

shown that stem cell transplantation provides new hope for the treatment of RP, but it still faces 

problems such as ethics and immune rejection. In view of this, our aim is to apply mesenchymal 

stem cell derived exosomes (MSCs-Exo) to treat RP mice (rd10) retinas, and explore the 

mechanisms. Methods: The umbilical cord MSCs-Exo were extracted by differential ultrahigh 

speed centrifugation. Exosomes were injected into eyes by intravitreal injection, and visual function 

were observed by ERG. The survival rate of photoreceptor cells, the proliferation and activation of 

microglia and Müller glial were observed by immunofluorescence. Western blotting (WB) was used 

to observe the expression of IL-1β in rd10 mice retinas after treatment. Results: The umbilical cord 

MSCs-Exo were successfully collected by the results of flow cytometry, transmission electron 

microscopy and particle size analysis which showed exosomes were CD9, CD63 and CD81 positive, 

cup-shaped, and the diameter ranged from 30 nm to 200 nm, accounting for 78.2% of the total 

extracellular vesicles, and the concentration was 1 × 1010 / μL. Immunofluorescence and PKH26 

co-labeling results showed that exosomes were absorbed by retinal cells, especially by Iba1 positive 

microglia and GS positive Müller glial. After treatment, DAPI staining showed that the survival 

rate of retinal photoreceptor cells was significantly increased, ERG results showed the amplitude 

of a wave and b wave were significantly increased in rd10 retinas. Further, immunofluorescence 

showed the positive number and fluorescence density of Iba1 and GFAP were significantly 

decreased in rd10 retinas after treatment. Finally, WB results showed that the expression of pro-

mailto:qiling1718@163.com


September 16-19, 2021 Chongqing 

IL-1β in rd10 retians was significantly decreased after treatment. Conclusion: MSCs derived 

exosomes can protect rd10 retinas and delay the degeneration by inhibiting inflammation. As a new 

biomaterial, MSCs-Exo have the advantages of carrying stem cell active components, which lay a 

theoretical foundation for new therapeutic strategies of RP.  

Keywords: retinitis pigmentosa; rd10 mice; photoreceptors; exosomes; inflammation  
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Abstract: Objective: To study the protective effect of lycium barbarum extract (LBE) on the visual 

impairment in 3xTG mice model of Alzheimer's disease. Methods: The AD mouse model 3xTG 

mice at the age of 8-month-old and10-month-old were daily treated with LBE by gavage for two 

months (20g/kg body weight). Before and after the treatment, optomotor, electroretinogram (ERG) 
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and multi-electrode array (MEA) recording were used to test the visual behavior and retinal light 

responses. Then retinal morphology, gliosis and Tau protein deposition were evaluated  by 

immunofluorescence staining after treatment. Results: Compared with control B6/129 mice, 3xTG 

mice at 8-month-old showed obvious deterioration in visual acuity. In 3xTG mice treated with 

vehicle, the survival rate of retinal ganglion cells (RGCs) were decreased at 10- and 12-month old 

compared with control mice. Clear Tau deposition and reactive gliosis were also observed in their 

retina. Treatment of LBE significantly increased the survival of RGCs. It also decreased the retinal 

Tau protein deposition and the activation of microglia cells. In contrast, the fluorescence intensity 

of GFAP increased. Functionally, the light responses of the photoreceptor cells, bipolar cells, and 

ganglion cells of 10-month-old and 12-month-old 3xTG mice were greatly enhanced, and the visual 

acuity improved significantly. Conclusion：LBE treatment improved the impaired vision in 3xTG 

mice. The possible pathways involved in the protective role of LBE is ongoing including checking 

the changes of pro-inflammatory and anti-inflammatory factors as well as the upstream kinases of 

Tau protein phosphorylation. 

 

Keywords: Alzheimer’s disease (AD); Lycium barbarum extract (LBE); microtubule-associated 

protein tau (TAU); Multi-electrode arrays (MEA). 

 

Back to top ↑ 

 

 

P-480 

Estrogen deficiency induces mitochondrial damage before 

cognitive damage in C57BL/6J mice 

 

Wei Zhao1, Yue Hou1, Xin-Xin Song1, Fang-Fang Zhang1, Han-Ting Zhang2, Hai-Yang Yu1, *, Yan-

Meng Zhou1, * 

 



September 16-19, 2021 Chongqing 

1Institute of Pharmacology, Shandong First Medical University & Shandong Academy of Medical 

Sciences, Tai′an 271016, China  

2Departments of Neuroscience and Behavioral Medicine & Psychiatry, Blanchette Rockefeller 

Neurosciences Institute, West Virginia University Health Sciences Center, Morgantown, WV 26506, 

USA 

 

*Corresponding author 

E-mail: 15269952986@163.com 

 

Abstract: Objective Estrogen deficiency is one of the main reasons of Alzheimer’s disease (AD) 

in menopausal women. Mitochondrial defects play an initiating role in the pathology of AD. 

However, the effects of estrogen deficiency on mitochondrial remain to be investigated. Methods 

All mice except for Sham group underwent the resection of bilateral ovaries. 9 mice in each group 

were sacrificed at two weeks, one month, two months, and three months after surgery. Cognitive 

function was examined using the Morris water-maze test before sacrifice. Serum estradiol of mice 

were detected by ELISA. Immunofluorescence was used to measure MAP2 in hippocampus. 

Immunoblotting was used to measure synapse protein PSD95, mitochondrial function protein 

SDHB and ATP5A1, mitochondrial biogenesis proteins PGC-1α, Nrf1, and mtTFA, mitochondrial 

dynamic protein Drp1, OPA1 and Mfn2 and mitophagy proteins PINK1 and LC3B in hippocampus. 

Results 2 weeks after ovariectomy, p-Drp1 (ser637) decreased in the hippocampus. 1 month after 

ovariectomy，mice serum estradiol has been significantly reduced and estrogen deficiency induces 

decrease of MAP2, SDHB, PGC-1α, mtTFA, OPA1 and Mfn2 in hippocampus. 2 months after 

ovariectomy, estrogen deficiency induces decrease of PSD95, Nrf1 and Pink1 in hippocampus. In 

addition ,3 months after ovariectomy, mice showed reduced cognitive function in the Morris water 

maze and estrogen deficiency induces decrease of LC3B-II. Conclusions Estrogen deficiency leads 

to cognitive function impairment and damaged of neuron synaptic plasticity, which may be 

mediated by the mitochondrial dysfunction, abnormal of mitochondrial biogenesis, mitochondrial 

dynamics, and mitophagy. And mitochondria are damaged before estrogen deficiency causes 

cognitive function impairment. 

Keywords: Estrogen; ovariectomy; cognition; mitochondrial biogenesis; mitochondrial dynamic; 

mitophagy; hippocampus 
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Abstract: P301S transgenic mice is an animal model of tauopathy and Alzheimer’s disease (AD), 

exhibiting tau pathology and synaptic dysfunction. Cornel iridoid glycoside (CIG) is an active 

ingredient extracted from Cornus officinalis, a traditional Chinese herb. In the present study, the 

purpose was to investigate the effects and mechanisms of CIG on tau pathology and synaptic 

dysfunction using P301S transgenic mice. The results showed that intragastric administration of 

CIG for 3.5 months improved cognitive impairments and the survival rate of P301S mice. 

Electrophysiological recordings and transmission Electron microscopy study showed that CIG 

improved synaptic plasticity, increased the ultrastructure and number of synapse. Moreover, CIG 

increased the expression levels of N-methyl-D-aspartate receptors (NMDARs) subunits GluN1, 

GluN2A and GluN2B, α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor (AMPAR) 

subunit GluA1. We inferred that the major mechanism of CIG involving in the regulation of 

synaptic dysfunctions was inhibiting the activation of Janus kinase-2 (JAK2) /signal transducer and 
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activator of transcription 1 (STAT1) signaling pathway, and alleviating STAT1-induced 

suppression of NMDAR expressions. Based on our findings, we thought CIG might be a promising 

candidate for the therapy of tauopathy such as AD.  

Keywords: tau accumulation; Cornel iridoid glycoside; P301S transgenic mouse; Alzheimer’s 

disease; JAK2/STAT1; NMDAR; tauopathy  
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Abstract：Objective Increasing evidence indicates that perturbations in the glutamate-glutamine 

cycle and glutamate release from presynaptic terminals are involved in the development of 

cognitive deficits in Alzheimer’s disease (AD) patients and model mice. Glutama te transporter-1 

(GLT-1) takes glutamate from the synaptic cleft into astrocytes, where glutamate acts as the 

substrate for the glutamate-glutamine cycle. Ceftriaxone (Cef) can upregulate GLT-1 expression 
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and uptake activity. The present study aimed to investigate whether ceftriaxone can regulate the 

production and assembly of glutamate in the presynaptic terminals of neurons by upregulating 

GLT-1 in APP/PS1 and GLT-1 knockdown APP/PS1 (GLT-1+/−/APP/PS1) AD mice. Methods The 

expressions of sodium-coupled neutral amino-acid transporter 1 (SNAT1) and vesicular glutamate 

transporter 1/2 (VGLUT1/2), the key transporters involved in the glutamate-glutamine cycle, were 

assayed by immunofluorescence, immunohistochemistry, and western blot analysis. The activity of 

glutaminase, the key enzyme in the cycle, was assayed by fluorometry. Result Ceftriaxone 

treatment significantly upregulated the expression of SNAT1 and increased glutaminase activity in 

neurons in APP/PS1 mice. Simultaneously, the expression of VGLUT1/2 in the presynaptic 

terminals was upregulated following the Cef treatment. Furthermore, after the deletion of one GLT-

1 allele in APP/PS1 mice, the ceftriaxone-induced upregulation in SNAT1 and VGLUT1/2 

expression, and activity of glutaminase was inhibited, indicating that GLT-1 plays an important 

role in the process. Conclusion Based on the important role of SNAT1, glutaminase, and 

VGLUT1/2 in the glutamate-glutamine cycle in neurons, the present results suggested that 

ceftriaxone could improve the production and assembly of glutamate as a neurotransmitter in 

presynaptic terminals via GLT-1 in APP/PS1 AD  mice.  

Key words: Ceftriaxone, SNAT1, VGLUTs, Glutaminase, GLT-1, APP/PS1 mice  
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Abstract: Objective Parkinson’s disease (PD) is characterized by midbrain dopaminergic neuron 

loss. Previous studies mostly focused on the mechanism of cell death, however, a recent report 

implicates that cell senescence may be a contributing factor in the pathology of PD. Importantly, 

the roles of α-synuclein, which act as trigger, facilitator and aggravator during the development of 

PD, in cell senescence is uncertain. In this study, we will investigate the effects of overexpressing 

α-synuclein on cell senescence in a mice model of PD. Methods We established a PD mice model 

with overexpression of human α-synuclein in the substantia nigra pars compacta (SNpc), which 

was delivered by recombinant adeno-associated vectors (rAAV). Behavior tests, incluidng rotarod 

test, pole test and open filed test were applied to evaluate the motor function and emotion of mice. 

The release of striatal dopamine was detected by high-performance liquid chromatography. Both 

immunostaining and western blotting were employed to detect the expression of TH, SATB1 and 

Iba-1 in the SNpc of mice. Enzyme linked immunosorbent assay (ELISA) was used to examine the 

content of inflammatory factors in the serum. Results (1) Overexpression of human α-synuclein in 

the SNpc caused motor dysfunction and anxiety-like behavior. (2) Overexpression of human α-

synuclein resulted in dopaminergic neurodegeneration of nigrostriatal pathway. (3) Overexpression 

of human α-synuclein in the SNpc induces cell senescence. Conclusion Overexpression of human 

α-synuclein induces cell senescence in the SNpc of mice. 

Key words: Parkinson’s disease; α-synuclein; neurodegeneration; cell senescence 
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Abstract: Objective Parkinson's disease (PD) is a common neurodegenerative disease in the 

middle-aged and elderly, which is generally believed to be caused by the loss of dopaminergic 

neurons in the substantia nigra(SN) of the midbrain, and is closely related to the activity of the 

basal ganglia(BG).The BG plays an important role in motor control through the direct and indirect 

pathways with the coordinated activity but often opposite effects on movement. As an important 

component of BG, globus pallidus(GP) plays a very important role in the information transmission 

of BG, and is gradually become a new target for the treatment of PD .Optogenetics is considered 

as a new tools for investigating neural circuits by control the activity of individual neurons at the 

millisecond level . In this study,we try to analyze the influence of optogenetic technology on the 

electrical activities of GP from the perspective of local field potential(LFP).Methods We prepared 

the PD rat model by stereotactic injection of 2ul rotenone solution into the compact part of 

substantia nigra(SNc) and the ventral tegmental area(VTA) of SD rats. Electrodes and optical fibers 

were implanted into the GP of PD rat models to collect LFP signals before and after optical 

stimulation. Open field and rota-rod test was used to evaluate the change of their motor ability 

before and after optical stimulation.Results There is a significant statistical difference between the 

characteristic value of the LFP signals before light stimulation in PD rats and the characteristic 

value of the LFP signals during light stimulation (p<0.05) Conclusion Optical stimulation of SN 
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has an effect on the electrical activity of GP, and optogenetics may become a new method of PD 

treatment. 

Keywords: Parkinson's disease (PD); basal ganglia (BG); LFP; optogenetics 
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Abstract:  

Objective Berberine has been widely studied for its efficacy in the treatment of neurodegenerative 

diseases, however, the potential mechanisms remain unclear. The aim of this study was to 

investigate the protective effect of berberine on dopamine neuron degeneration induced by 1 -

Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and the mechanisms involved. Methods The 

motor coordination ability of mice was measured by rotarod behavior test. The tyrosine hydroxylase 

(TH) positive cells were measured by Immunohistochemistry. The protein level of TH, α-synuclein, 
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microtubule-associated protein 1 light chain 3 (LC3), p62, adenosine 5’-monophosphate-activated 

protein kinase (AMPK) and phosphorylated AMPK were measured by western blots. Results 

Treatment with berberine significantly improved the MPTP-induced motor impairment, 

ameliorated the degeneration of dopamine neurons and reduced α-synuclein accumulation in the 

MPTP-treated mice. Moreover, berberine also significantly enhanced the microtubule-associated 

protein light chain 3 (LC3-II)-associated autophagy and activated the adenosine 5’-monophosphate 

(AMP)-activated protein kinase (AMPK) in the substantia nigra of MPTP-treated mice. Conclusion 

Our study demonstrated that berberine protects dopamine neurons in the substantia nigra of PD 

mice via enhancement of AMPK-mediated autophagy. 

Keywords: Berberine, α-synuclein, Autophagy, AMPK, Parkinson’s disease 
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Abstract: Objective The activation of metabotropic glutamate receptor 1 (mGluR1) in Alzheimer 's 

disease (AD) can induce the complement cascade, which in turn leads to the activation of microglia 

and synapse loss. The expression and function of glutamate transporter-1 (GLT-1) in AD were 

decreased, resulting in increased glutamate concentration in and around the synaptic cleft, and thus 

contributing to mGluR1 activation. Ceftriaxone (Cef) can up-regulate the expression of GLT-1, 
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increase glutamate uptake, thereby improving disorders in concentration of glutamate in and around 

the synaptic cleft. The present study aims to investigate the effect of Cef on synapse loss in the 

hippocampus in APP/PS1 AD mice, and explore its mechanism in aspects of mGluR1 expression 

and activation, complement system expression and activation, and microglial activation and 

phagocytosis for synaptic elements. Methods APP/PS1 and GLT-1 knockdown APP/PS1 (GLT-

1+/-/APP/PS1) AD mice were used and the hippocampus was selected for the observations. Golgi 

staining was used to observe the dendritic spine density and dendrite beading density. 

Immunohistochemical staining, flow cytometry and Elisa were used to detect the activation of 

microglia. Immunofluorescent co-staining was used to detect the co-expression of Iba1 and 

synaptophysin or PSD95. Western blot was used to observe the expression of synaptophysin, 

PSD95, C1q, mGluR1 and GLT-1. Results (1) Cef ameliorated synapse loss, which represented 

with the inhibition in the formation of dendrite beading and the increase in dendritic spine density, 

as well as up-regulation in the expression of synaptophysin and PSD95 after Cef treatment. (2) Cef 

inhibited the activation of microglia, including reducing the expresison of Iba1, the number of 

CD11b+CD45hi microglia, the content of IL-6 and the co-expression of Iba1 and synaptophysin or 

PSD95. (3) Cef inhibited the expression of mGluR1 and C1q. (4) Knocking down the expression 

of GLT-1 inhibited the effects of Cef above-mentioned. Conclusion Cef can ameliorate synapse 

loss in the hippocampus in APP/PS1 AD mice. The mechanism may relate to the inhibition of 

mGluR1-C1q-mediated microglial activation and its phagocytosis for synapses by Cef-induced 

upregulation in GLT-1 expression. 

Key words: Alzheimer's disease, ceftriaxone, synapse loss, GLT1, microglia, C1q, mGluR1. 
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Abstract：Objective Parkinson's disease (PD) is the most common progressive neurodegenerative 

disease. It has been reported that demyelinating lesions occur in PD recently. However, the reason 

and mechanism are still unclear. This study mainly explored the effect and mechanism of Trx-1 on 

the myelin structure in MPTP-induced PD mice. Methods C57BL/6 human Trx-1 overexpression 

transgenic (h-Trx-1 Tg) mice and C57BL/6 mice were used to construct MPTP-induced PD mice 

models. The effect of Trx-1 on the injury of mice exercise ability was detected by behavioral 

experiment. The demyelination of PD mice were detected by electron microscope and Western 

blotting. Results (1) The overexpression of Trx-1 improved the motor impairment and weight loss 

of PD mice caused by MPTP, while the knockdown of Trx-1 aggravated the dysfunction. (2) The 

overexpression of Trx-1 resisted the demyelination in the SNpc in PD mice caused by MPTP, and 

Trx-1 knockdown enhanced demyelination. (3) The overexpression of Trx-1 inhibited the increases 

of Myelin-associated glycoprotein (MAG), Myelin basic protein (MBP), and Oligodendrocyte 

transcription factor 2 (Olig2), platelet derived growth factor I (PDGF-AA) expressions in the SNpc 

and corpus callosum in MPTP-PD mice. On the contrary, knockdown of Trx-1 enhanced the change 

of myelin-related molecules expressions. Conclusion Trx-1 regulated myelin-related molecules to 

ameliorate the demyelination and the motor impairment of PD mice caused by MPTP.  
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ApoE4 activates C/EBPβ/δ-secretase with 27-

hydroxycholesterol, driving the pathogenesis of Alzheimer’s 

disease 

 

Abstract: ApoE4, an apolipoprotein implicated in cholesterol transport and amyloid- (A) 

metabolism, is a major genetic risk determinant for Alzheimer’s Disease (AD) and drives its 

pathogenesis via A-dependent and -independent pathways. C/EBP, a proinflammatory 

cytokines-activated transcription factor, is upregulated in AD and mediates cytokines and -

secretase expression. However, how ApoE4 contributes to AD pathogenesis remains incompletely 

understood. Here we show that ApoE4 and 27-hydroxycholesterol (27-OHC) co-activate 

C/EBP-secretase signaling in neurons, mediating AD pathogenesis, and this effect is dependent 

on neuronal secreted A and inflammatory cytokines. Inhibition of cholesterol metabolism with 

lovastatin diminishes neuronal ApoE4’s stimulatory effects. Furthermore, ApoE4 and 27 -OHC also 

mediate lysosomal -secretase leakage, activation, secretion and endocytosis. Notably, 27-OHC 

strongly activates C/EBP/-secretase pathway in human ApoE4-TR mice and triggers AD 

pathologies and cognitive deficits, which is blocked by C/EBP depletion. Hence, our findings 

demonstrate that ApoE4 and 27-OHC additively trigger AD pathogenesis via activating C/EBP-

secretase pathway. Lowering cholesterol levels with statins should benefit the ApoE4 AD carriers.  
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Abstract: Objective Parkinson's disease (PD) is characterized by selective loss of dopaminergic 

neurons, aggregation of α-synuclein, and iron deposition in the substantia nigra (SN). As the two 

pathological hallmarks of PD, the interaction between α-synuclein and iron deposition is intricate, 

and their roles in ferroptosis and cell senescence, which are implicated to be involved in the nigral 

dopaminergic neurodegeneration, are uncertain. In this study, we aim to explore the effects of iron 

and α-synuclein on inducing ferroptosis and senescence. Methods Either AAV-EGFP or AAV-α-

syn was injected into the SN of C57BL/6J male mice, and a PD mice model with overexpression 

of human α-synuclein was established. Inducible PC12 cells (iPC12 cells) which overexpressed α-

synuclein through doxycycline induction was also employed. Both Perls’ staining and inductively 

coupled plasma mass spectrometry (ICP-MS) technique were employed to detect the changes of 

iron levels in the SN. Western blotting was employed to detect the level of proteins. Results (1) 

Overexpression of human α-synuclein in the SN caused iron deposition and dysregulation of iron-

related proteins, including iron storage protein (light chain ferritin, FTL), iron uptake protein 

(divalent metal ion transporter 1, DMT1), and iron transport protein (ferroportin, FPN). (2) Ir on 

overload induced cell senescence occurred before ferroptosis In PC12 cells. (3) Iron overload 

exacerbated the process of cell senescence induced by overexpressing α-synuclein in iPC12 cells. 

Conclusion Iron and α-synuclein act as a toxic couple and induces cell senescence before 

ferroptosis. 

Keywords: Parkinson’s disease, α-synuclein, iron, cell senescence, ferroptosis 
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Abstract: Objective Alzheimer's disease (AD) has become one of the serious health problems in 

the world. Identifying AD patients before they develop progressive cognitive dysfunction is 

important for prevention and treatment. We found the somatic sensory nervous system was 

associated with the pre-onset of AD. The present study is to explore the abnormal manifestations 

of somatic sensory nervous system and its molecular mechanism before progressive cognitive 

impairment in AD. Methods Sticky tape test, Von Frey test, dynamic touch test, Hargreaves test 

and acetone evaporative cooling test, acute pruritus test and chemical injury test were used to study 

the light tactile disorders. Results (1) AD mice have light tactile disorders. (2) The decrease of 

neuronal activity and tau hyperphosphorylation were found in posterior horn(P) of spinal cord of 

AD mice. (3) Phosphorylated tau made a deeply association with light tactile disorder. Conclusion 

Phosphorylated tau can affect the synaptic function of spinal cord dorsal horn by affecting vGLUT2 

protein and then lead to light tactile disorders in tau-related transgenic AD mice. 

Keywords: Alzheimer’s disease, Light tactile disorder, Tau, vGLUT2, sensory neuron 
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Abstract: Objective Baohuoside I is flavonoid monomer active compounds, which have the 

function of anti-inflammation, anti-tumor and bone protection. Many researchers have reported that 

Baohuoside I can inhibit the activation of microglia and astrocytes, and inhibit the Aβ-induced 

apoptosis. However, the detailed neuroprotective mechanism is still unclear. Methods Western blot 

were used to determine the protein expressions of apoptotic cytokines. The pharmacological 

blockade of G protein coupled estrogen receptor (GPER) and nuclear estrogen receptor (ER) was 

used to study the underlying mechanism. Results Our results found that Baohuoside I can inhibit 

MPP+-induced protein expressions of Bax, Bcl-2, caspase 3 and P-Akt in SH-SY5Y cells. These 

effects were antagonized by GPER antagonist G15. Moreover, the inhibitory effects of Baohuoside 

I on MPP+-induced activation of -synuclein could be blocked by ER antagonist ICI182,780. 

Conclusion Taken together, these data provide the first evidence that Baohuoside I exerts anti -

apoptotic effects in neuronal cells via GPER and ER activation. These beneficial effects of 

Baohuoside I may represent a new strategy for the treatment of neurodegenerative diseases. 
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Abstract: Objective Insulin-like growth factor-1 (IGF-1) is a 70-amino acid polypeptide chain that 

plays a critical role in regulating cellular function, metabolism, survival and differentiation. IGF-

1/IGF-1 receptor (IGF-1R) signaling has been reported to exert its biological effect via G-protein 

estrogen receptor (GPER) in cancer cells. Whether GPER is involved in the neuroprotective effect 

of IGF-1 against neurotoxin-induced neurogliocyte overactivation remains unclear. In the present 

study, we aimed to investigate the detailed mechanism of the anti-inflammatory effects of IGF-1 in 

astrocyte and microglia. Methods Real time PCR and western blot were used to determine the 

expressions of proinflammtory cytokines. The pharmacological blockade and siRNA knockdown 

of GPER were used to study the underlying mechanism. Results Our results found that IGF-1 

treatment could significantly inhibit MPP+-induced upregulation of COX-2 and iNOS in primary 

astrocytes. IGF-1 also significantly inhibited LPS-induced expressions of IL-1β, TNF-α, COX-2 

and iNOS in microglia. Moreover, the anti-inflammatory effects of IGF-1 were antagonized by 
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IGF-1R antagonist JB-1 and GPER antagonist G15. Silencing GPER could also abrogate the anti-

inflammatory effects of IGF-1. Conclusion Taken together, the present study demonstrates that 

GPER is involved in the anti-inflammatory effects of IGF-1 in neurogliocyte. 

Key words: insulin-like growth factor-1; neurogliocyte ； inflammation; G protein-coupled 

estrogen receptor; IGF-1 receptor 
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Abstract: Objective We investigated the effect of cannabinoid type-Ⅱ receptor (CB2R) on iron 

transport in the 1-methyl-4-phenylpyridinium (MPP+) treated ventral mesencephalon（VM）

dopamine neurons. Methods By western blots, the expressions of CB2R, tyrosine hydroxylase (TH), 

divalent metal transporter-1 (DMT1) and inducible nitric oxide (iNOS) were measured. Iron influx 

into dopamine neurons was determined by the quenching of calcein fluorescence. Results We found 

that treatment with JWH133 a selective CB2R agonist, significantly increased TH expression in the 
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MPP+-treated VM dopamine neurons. JWH133 also inhibited the MPP+-induced up-regulation of 

DMT1 and iNOS. Furthermore, JWH133 also suppressed the MPP+-accelerated iron influx in the 

VM dopamine neurons. These effects were blocked by co-treatment with AM630, the CB2R 

antagonist. Conclusion These results suggest that activation of CB2R inhibits MPP+-induced iron 

influx in VM dopamine neurons. 

Keywords: Cannabinoid type-Ⅱ receptor; JWH133; Dopamine neuron; Iron 
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Abstract: Objective Microglia activation in the central nervous system is heterogeneous, which 

can be categorized into two opposite types: M1 phenotype and M2 phenotype. M1 and M2 

microglia exhibit pro-inflammation and anti-inflammation properties, respectively. CB2R play an 

important role in the anti-inflammatory pathway. However, it is not clear whether activating CB2R 

can promote the transformation of microglia from M1 to M2. The aim of the present study was to 
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explore the phenotypic regulation by activation of CB2R in the MPP+ treated microglia. Methods 

The expessions of iNOS, Arg1, IL-6 and IL-10 were measured by western blots in the primary 

cultured microglia. The percentage of CD86 and CD206 marked microglia was measured by flow 

cytometry. Results Treatment with JWH133, a selective CB2R agonist, could significantly inhibit 

the increase in the level of iNOS, IL-6 (markers of M1 microglia) and the decrease in the level of 

Arg1, IL-10 (markers of M2 microglia) in the MPP+ treated microglia. In addition, JWH133  

increased CD206 marked M2 microglia and decreased CD86 marked M1 microglia in the MPP + 

treated microglia. Conclusion These results suggest that activation of CB2R inhibit MPP+ induced 

M1 polarization while promoting transformation from M1 to M2 phenotype in microglia. 

Keywords:  Cannabinoid receptor-2; Microglia; M1/M2 polarization 
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Abstract: Objective Parkinson’s disease (PD) is characterized by selective dopaminergic neuron 

loss in the substantia nigra pars compacta (SNpc), and calcium signal is suggested to be involved 

in the process of dopaminergic neurodegeneration in PD, however, the mechanism of calcium 

homeostasis imbalance is unclear. In this study, we will investigate the role of iron overload and 

α-synuclein overexpression in calcium homeostasis imbalance. Methods The cell cytotoxicity was 

detected by Lactic dehydrogenase (LDH). The level of intracellular calcium was detected by 

calcium colorimetric assay kit and confocal microscope. The expression of calcium channels, 

including Cav1.2, Cav1.3, Cav2.1, Cav2.2, RYR, and TRPML1, were detected by western blotting 

and polymerase chain reaction (PCR). Results (1) When PC12 cells were treated with different 

concentration of ferric ammonium citrate (FAC) (50μM, 100μM, 250μM, 500μM) for 24 hours, 

the intracellular calcium concentration reached its peak at 100μM treatment, while the LDH release 

was increased in a dose dependent manner. (2) In the induced PC12, which overexpressed mutant 

α-synuclein with the treatment of with doxycycline (DOX, 1μg/ml), iron overload aggravated the 

increased calcium influx that caused by α-synuclein overexpresssion , while iron chelator (100μM 

DFO) alleviated the above process. (3) Calcium channels were found to be involved in the process 

of calcium homeostasis imbalance. Conclusion Data from this study indicated that iron and α-

synuclein functioned as a toxic couple which caused calcium homeostasis imbalance.  

Keywords: Parkinson’s disease; calcium homeostasis; iron overload 
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Abstract: Objective The senile plaque due to deposition of β-amyloid (Aβ) is the pathological 

marker of Alzheimer’s disease (AD). Our previous study revealed that 5XFAD mouse, which is a 

common used AD mouse model displayed an obvious intracellular Aβ accumulation in CA1 

pyramidal neurons, around which plaques were not found at the age of 2.5 months, suggesting an 

early stage in the mouse model. Methods We utilized Barnes maze test, which does not involve 

any punishment and allows us to evaluate spatial learning and memory to figure out whether the 

intracellular Aβ deposition is associated with hippocampus-dependent cognitive behavior. The 

paradigm detecting the ability of spatial memory and reversal learning was performed in 5XFAD 

mice and their littermates at age of 2.5-month and 5-month, respectively. Results In acquisition 

training of Barnes maze, the change in spontaneous escape between 5XFAD mice and WT mice 

was not significant at 2.5 months of age, whereas showed obvious at 5 months of age. Intriguingly, 

in reversal training, the cognitive flexibility of 5XFAD mice at 2.5-month-old was remarkably 

impaired compared to that of control mice. Conclusion Decline in cognitive flexibility, 

accompanied with intraneuronal Aβ accumulation predicts an early stage of AD-like process.  

Keywords: Alzheimer’s disease; β-amyloid; 5XFAD mice; cognitive flexibility 
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Abstract: Objective Leucine repeats and immunoglobulin like domains containing Nogo receptor 

interacting protein-1 (LINGO-1) have negative regulatory effects on neurons in many animal 

models. However, the effect of LINGO-1 on neurons in Alzheimer's disease (AD) animal model 

remains unclear. The present study is to explore whether anti-LINGO-1 antibody can prevent the 

loss of hippocampal neurons in AD mice. Methods The cognitive abilities were determined by 

Morris water maze test and Y maze test. Hippocampal volume and neurons were measured with the 

stereological methods. Amyloid beta (Aβ), newborn neurons, and cannabinoid type 1 receptor 

(CB1R)-rich GABAergic interneurons were measured with immunofluorescence. Results (1) The 

anti-LINGO-1 antibody alleviates cognitive impairment in AD mice. (2) The anti-LINGO-1 

antibody delays hippocampal volume atrophy, decreases hippocampal Aβ deposition, and prevents 

hippocampal neuron loss in AD mice. (3) The anti-LINGO-1 antibody improves AHN in AD mice. 

(4) The anti-LINGO-1 antibody increases the numbers of CB1R-rich GABAergic and CCK-

GABAergic interneurons in AD mice. (5) A negative correlation exists between LINGO-1 and 

CB1R on GABAergic interneurons in the hippocampus of AD mice. Conclusion LINGO-1 plays 
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an important role in the process of hippocampal neuron loss in AD mice, and antagonizing LINGO-

1 can effectively prevent the loss of hippocampal neurons in AD mice. 

Keywords: LINGO-1; CB1R; GABAergic interneurons; adult hippocampal neurogenesis; 

cognitive abilities; AD mice 
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Abstract：Objective Alzheimer's disease (AD) is commonly known as senile dementia. The key 

event in AD process is the synaptic degeneration mediated by abnormal Aβ production and  

accumulation, especially in the hippocampus, which is closely related to learning and memory. 

However, the exact pathogenesis of synaptic degeneration still needs to be elucidated. The present 

study was designed to explore possible mechanism underlying dysfunction of synaptic transmission 

relevant to Aβ. Method Whole cell patch clamp recordings of brain slices were perfomed on 2.5-

month-old 5XFAD mice. The AMPAR current was recorded by using concentric electrode to 

stimulate the Schaffer collaterals or the temporoammonic pathway. The long-term potentiation was 

induced by two series of 100 Hz high-frequency stimuli lasting 1 s with 20 s intervals, during which 

the membrane potential was depolarized to -10 mV, given to Schaffer collaterals. Results We 
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performed patch clamp recording of brain slices in early stage of 5XFAD mouse model, when Aβ 

accumulation initiated intracellularly in CA1 pyramidal neurons, and performance declined in 

reversal learning and recent memory. We found that the AMPAR-mediated excitatory synaptic 

transmission of the proximal and distal dendrites of hippocampal CA1 pyramidal neurons present 

different changes. The synaptic transmission onto CA1 pyramidal neuron distal dendrites which 

receive projection from temporoammonic fibers (TA-CA1) was significantly weakened in 5XFAD 

hippocampus compared to wild type mouse, while the basic synaptic transmission onto proximal 

dendrites which connect with Schaffer collateral (SC-CA1) was unaltered. In addition, the long-

term plasticity of SC-CA1 pathway increases temporarily and declines rapidly with age in 5XFAD 

mouse brain. These results suggest that the integration function of hippocampal CA1 pyramidal 

neurons from different inputs is impaired in the early stage of AD. Conclusion Aβ production and 

aggregation in CA1 pyramidal neurons may rearrange different types of AMPARs in proximal and 

distal dendrites, which in turn mediate associative synaptic plasticity of CA1 pyramidal neuron, 

and lead to the rapid depletion of cognitive reserve in the early stage of AD. This study may provide 

theoretical basis for the early pathogenesis of AD from the perspective of synaptic integration. 

Key words: Alzheimer’s disease, hippocampus, Aβ, Schaffer collaterals, temporoammonic 

pathway 
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Abstract: Objective Increased regulator of calcineurin 1 (RCAN 1) is implicated in the 

pathogenesis of Alzheimer’s disease (AD) and Down syndrome (DS). However, underlying 

mechanisms remain elusive. The present study is to reveal the functional role of RCAN1 in the 

brain and the pathogenic role of RCAN1 in AD and DS. Methods The RCAN1 transgenic mice 

were established and global gene expression was profiled in the cortex RCAN1 transgenic mice.  

Results We found that 900 genes are significantly altered in the cortex. These genes are involved 

in a variety of brain function and neurodegenerative disease-related pathways, including 

glutamatergic synapse pathway, calcium signaling pathway, Alzheimer’s disease pathway etc. 

Conclusion RCAN1 upregulation may contribute to the pathogenesis of AD and DS via multiple 

signaling pathways. Our study provides an insight into the pathogenic role of RCAN1 in AD and 

DS in addition to the physiological role RCAN1 in the brain. 

Keywords: RCAN1; gene expression profiling; brain function; Alzheimer’s disease 
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Abstract: In contrast to a widely used bottom-up strategy where a function of a gene is later 

mechanistically linked to a (patho)physiological pathway, the top-down strategy, as we call it, 

focuses on initial identification of a phenotype associated with alteration of a bigger pathway 

followed by delineation of a specific target. The latter strategy is sometimes beneficial in case of 

complex trait disease models due to earlier and easier detection of in vivo phenotypes. In our 

approaches to studying neuronal non-coding RNAs (ncRNAs) functions in energy homeostasis and 

neurodegeneration, we used such top-down (or general-to-specific, “dirty-to-clean”) approaches. 

Indeed, alteration of the whole ncRNA pathway (e.g. by Dicer depletion) in a broad region of the 

brain comprising multiple distinct nuclei, can lead to strong behavioral and molecular phenotypes. 

Further, used Cre-driven viral infection approaches to limit the area of gene alteration followed by 

in silico, in vitro and in vivo studies to identify the specific ncRNA of interest can narrow down 

the target of research. For example, our novel reductionist approach of in vivo delivery of stable 

oligonucleotides into Dicer-depleted tissues was used to screen for chemically stabilized candidate 

ncRNAs by gradually decreasing the number of oligonucleotides in the mixtures. Finally, we used 

specific neuronal population-targeted CRISPR-Cas9 tools to mechanistically characterize, validate 

and link ncRNAs to the initial phenotypes. Using these approaches, we recently identified specific 

neuronal ncRNAs protecting either from neurodegeneration or from insulin resistance and obesity. 

Since both bottom-up and top-down approaches have pros and cons we suggest that it is essential 

to choose an adequate type of approach for any planned study. 
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Abstract: Alpha-synuclein (α-syn) play an important role both familial and sporadic Parkinson's 

disease (PD). The finding that duplications, triplications or missense mutations (e.g. A53T, A30P 

or G46 L) of the α-syn gene (SNCA) cause familial forms of PD. Although mutations of α-syn 

occur infrequently, they share many of the phenotypic characteristics observed in sporadic PD, and 

thus could still aid in the revelation of the key biochemical and pathogenic pathways either in 

genetic or sporadic PD. The A53T mutation was the first to be identified. How does the A53T 

mutation work is not yet clear .GRP75/Mortalin, a molecular chaperone mainly located in 

mitochondria, has been linked to the pathogenesis of PD in recent studies. The relationship between 

A53T mutation and GRP75 is unclear.The present study is to explore how the A53T mutation exerts 

toxic effects through GRP75. Methods: Cytotoxicity induced by A53T mutation was assessed by 

lactate dehydrogenase (LDH) leakage into the culture medium. Mortalin expression was measured 

by Western blot. Results (1) The results LDH-release assay shows that A53T mutation are more 

cytotoxic. LDH assay indicated that the LDH activity in the supernatants of overexpressing A53T 

mutation cells increased suggesting that A53T α-syn are toxic. (2) Western blots shows that the 

expression of mortalin decreased significantly in SH-SY5Y cells and in transgenic mice 

overexpressing human A53T α-syn. Conclusions: A53T mutation overexpression inhibited 
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mortalin expression and resulted in decreased cell viability in SH-SY5Y cells. In SH-SY5Y cells 

overexpressing A53T α-syn, cytotoxicity is increased. 

Keywords: Parkinson's disease; A53T α-synuclein; GRP75 
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Abstract: Objective Parkinson’s disease (PD) is a common neurodegenerative disease, which 

typical pathological characteristic is the loss of dopaminergic neurons in substantia nigra. 

Increasing evidence has demonstrated that circular RNAs can regulate gene expression through 
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interacting with microRNAs, and cerebellar degeneration-related protein 1 antisense (CDR1as), 

acting as miR-7 sponge, is associated with the expression of miR-7 target genes. Several studies 

have shown that miR-7 plays an important role in the pathogenesis of PD. However, whether the 

expression changes of CDR1as in the pathogenesis of PD remains unclear.  The present study is to 

explore the expression level of CDR1as in MPP+-treated cellular model of PD. Methods In order 

to detect the expression of CDR1as in cellular model of PD, 100μM MPP+ was used to establish 

the PD cellular model. N2a cells were treated with 100μM MPP+ for 3h, 6h, 9h, 12h, 24h and 48h, 

respectively. Then the expression level of CDR1as was measured by real-time quantitative PCR. 

Results (1) Compared with the control group, the expression of CDR1as was significantly 

decreased after 3h, 6h, 9h and 12h of 100μM MPP+ treatment in N2a cell lines. (2) The expression 

of CDR1as was significantly increased at 24h and 48h after MPP+ exposure in N2a cells, compared 

with the control. Conclusion The expression of CDR1as changed in N2a cell lines with MPP+ 

treatment, suggesting that CDR1as might be involved in the pathogenesis of PD. 

Keywords: CDR1as; MPP+; N2a cells; Parkinson’s disease  
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Abstract: Objective Evidences support that dysfunction of glutamatergic system in the 

hippocampus is involved in learning and memory deficits of Alzheimer's disease (AD). Our 

previous studies indicate that chronic stress (CS) influences spatial learning by modulating the 

glutamate (Glu) response in the hippocampal dentate gyrus (DG). The present study is to explore 

the possible involvement of NMDA receptor (NMDAR) in the DG in spatial learning and memory 

alteration induced by CS in AD. Methods AD rat model was prepared by once i.c.v. STZ combined 

with D-gal i.p. for 6 weeks, and CS was prepared by random application of varied stressors.  The 

spatial learning and memory of rat was assessed by Morris water maze, and the Glutamate (Glu) 

concentration in the DG was determined by in vivo microdialysis and HPLC; and then the 

expressions of NMDAR (NR2B), p-CaMKII, p-CREB and BDNF were observed by western blot. 

Next, the effect of NMDAR in the DG on CS-induced alteration of spatial cognition in the AD was 

examined by microinjection of the agonists (NMDA) into the DG. Results (1) In AD rats, the 

spatial learning and memory were impaired, the Glu response during spatial learning and NR2B 

expression in the DG were enhanced, and the expressions of p-CaMKII, p-CREB and BDNF in the 

DG were decreased; moreover, CS improves spatial learning and memory impairment, and recovers 

the Glu response and changes of NR2B, p-CaMKII, p-CREB and BDNF expressions in the DG. (2) 

NMDA reversed the enhanced effects of CS on the spatial learning and memory and the expressions 

of p-CaMKII, p-CREB and BDNF in the DG. Conclusion CS improves spatial learning and 

memory impairment of AD rats, by restoring the Glu response during spatial learning, and recovery 

of negative effect of AD on NMDAR-CaMKII-CREB-BDNF pathway in the DG. 

Keywords: Alzheimer's disease; chronic stress; dentate gyrus; glutamate-NMDAR; spatial learning 

and memory  
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Abstract: Objective Alzheimer’s disease (AD) is the most common neurodegenerative condition 

worldwide, amyloid β (Aβ) oligomers are the main pathological features of AD. Therefore, this 

study investigated whether Ginsenoside Compound K (CK) can target Aβ, and through what ways 

to reduce synaptic damage and cognitive impairment. Methods Cellular AD models were 

established by Aβ42 insult in HT22 cells, mouse AD models were established by intraperitoneal 

injection of 2mg/kg scopolamine hydrobromide (SCOP). Detecting the ability of CK to regulate 

Aβ oligomers were performed in vitro and in vivo using transmission electron microscopy (TEM), 

immunohistochemistry, and Western Blotting. Molecular functional analyses of brains in mouse 

AD model were performed by the microarray analyses. The effect of CK on the expression of 

Nrf2/Keap1 signaling pathway and neuronal synaptic function was detected in HT22 cells.  Results 

CK reduced the aggregation of Aβ by Transmission electron microscopy. CK regulates the balance 

between Aβ production and clearance. CK can inhibit the accumulation of Aβ in neuronal 

extracellular and produce in vitro and in vivo. Based on microarray showing that CK affects the 

production of oxidative free radicals in neurons. Further studies indicate that CK improves neuronal 

synaptic function and cognitive function by regulating the expression of Nrf2/Keap1 signaling 

pathway. Conclusions CK can target Aβ inhibition, regulate Aβ production and degradation 

balance, reduce neuronal oxidative damage, improve neuronal synaptic dysfunction, improve 

cognitive function, and protect neurons. 
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Abstract: Objective Hereditary Spastic Paraplegias (HSP), a clinically and genetically 

heterogeneous neurodegenerative disorders, characterized by progressive weakness and chronic 

spastic hypospadias. Recent studies have found that a closely related gene, REEP2, mutated in 

SPG72, with both autosomal and recessive inheritances. However, the precise mechanism between 

REEP2 mutation and HSP remains unclear. Therefore, to study the physiological localization of 

REEP2 may provide insight to understand the pathogenesis of HSP with REEP2 mutation. The 

present study aimed to investigate the expression pattern of REEP2 protein in the mouse brain. 

Methods Immunohistochemisty and immunofluorescence techniques used to unravel the 

expression sites of REEP2 protein in mouse brain. Full-slices were scan with digital scanning 

microscope imaging system and the expressed position of REEP2 anatomically based on The Mouse 

Brain Atlas. Results (1) RERP2 protein was widely expressed in the mouse brain, especially in the 
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neocortex, thalamus, cerebellum, olfactory bulb and moderately in the hippocampus according to 

DAB staining. (2) REEP2 protein was co-localizes primarily with neurons. (3) REEP2 co-localizes 

with, but is not limited, tyrosine hydroxylase (TH) in Substantia Nigra. Conclusions RERP2 

protein expressed in multiple sites in the mouse brain. It mainly localized in neurons, but negative 

in astrocytes and microglia. 

Keywords: Hereditary Spastic Paraplegias; REEP2; localization; physiological functions 
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Abstract: Objective: Aberrant cortical spike-local field potential (LFP) coupling may represent a 

pathological mechanism  of Parkinson’s disease (PD) by which abnormal basal ganglia activity that 

disrupts cortical function and impairs normal movement. Exercise reportedly alleviates motor 

dysfunction and induced neuroplasticity in PD. Here, the primary motor cortex mediated plasticity 

mechanism underlying behavioral improvement by exercise intervention was investigated. 

Methods: The experimental models were prepared by 6- hydroxydopamine injection into the right 

medial forebrain bundle and evaluated with the apomorphine-induced rotation test. Starting 2 weeks 

postoperatively, exercise intervention was applied to the PD + Ex group for 4 weeks. We used in 

vivo multichannel recording technology to record spikes and LFPs in motor cortex of freely moving 

parkinsonian rats and balanced ability tests were carried to evaluate the behavioral performance. 

Results: Balanced ability test results revealed total crossing time / front leg errors / input latency 

time lower in PD+Ex rats than in PD rats (P < 0.05). The scalograms and LFP power spectra further 

indicate that power of beta (10-30 Hz) LFP oscillations in the lesioned hemisphere vary in subtle 

as well as substantial ways depending on the exercise intervention. In PD rats, the spike-triggered 

LFP waveform averages (STWA ) of the motor cortex cell shows strong phase- locking and exercise 

administration dramatically reduced the spike-LFP synchronization. Conclusion: Our results 

suggest that exercise has neuroplastic effects that can suppressed overexcitability of the LFPs and 

minimize the abnormal spike-LFP synchronization in parkinsonian motor cortex, potentially 

contributing to exercise’s motor-improving effects in PD. 

Keywords：parkinson’s disease; exercise; motor cortex; local field potential, synchronization  
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Abstract: Objective Alzheimer’s disease (AD) is a clinically refractory neurodegenerative disease, 

and there is an urgent need to develop effective therapeutic drugs. Previous research and our recent 

preliminary experiments of drug relocation using bioinformatics found that Agomelatine (AGO), 

the first melatonergic antidepressant by activating melatonin MT1/MT2 receptor and antagonizing 

5-HT2C receptor, has great potentials for the treatment of AD. The present study investigated the 

neuroprotective effects and probable molecular mechanisms of AGO in APP/PS1 transgenic mice. 

Methods Based on Swiss database and Gene Expression Omnibus (GEO) database, the 

bioinformatics analysis of AGO was conducted by Metascape. Multiple behavioral tests were used 

to test the mental and cognitive improvement effects of AGO in APP/PS1 mice. Hippocampal 

synaptic plasticity was measured by using in vivo electrophysiological technique. Results (1) The 

bioinformatics analysis showed that the genes up-regulated by AGO were concentrated in 

ensheathment of neurons, signal transduction and glutamatergic synapse, while the genes down-

regulated by AGO were concentrated in carbohydrate derivative transport and astrocyte activation, 

suggesting that AGO has a great potential to improve cognitive impairment in AD. (2) Chronic 

treatment with AGO in APP/PS1 mice relieved the depression- and anxiety-like behaviors in forced 

swimming test and elevated cross maze test, as well as improving long-term spatial learning and 

memory ability in Morris water maze test. (3) AGO-treatment reversed the suppression of long-

term potentiation (LTP) in hippocampal CA1 region of APP/PS1 mice. Conclusion These results 

suggest that AGO may be a novel strategy for the AD treatment.  

Keywords: Agomelatine; learning and memory; synaptic plasticity; APP/PS1 mice 
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Abstract: Objective OTUD3 (OTU domain-containing protein 3), a member of the OTU subfamily 

of the deubiquitylase (DUB) family, is highly associated with tumorigenesis. Our previous research 

found that OTUD3 knockout mice showed Parkinson's disease-like symptoms and degenerative 

death of dopaminergic neurons, but the regulatory mechanism is unknown. PTEN is one of the 

target proteins of OTUD3. PTEN can promote apoptosis by regulating the endoplasmic reticulum 

(ER) stress. However, whether OTUD3 regulates ER stress through PTEN and thus causes 

dopaminergic neuronal death needs to be further investigated. Methods Immunofluorescence 

staining was used to observe the expression of ER stress marker protein PDI (Protein disulfide 

isomerase). Applied lentiviral interference to knock-down intracellular OTUD3. Small interference 

RNA (siRNA) was used to knock down PTEN in SH-SY5Y cells. The expression of ER stress-

related proteins in the substantia nigra (SN) region of OTUD3 knockout mice and SH-SY5Y cells 

were detected by western blot. Results (1) Immunofluorescence results showed that co-localization 

of dopaminergic neurons in the SN of OTUD3 knockout mice with the ER stress marker PDI. (2) 

Western blot results revealed a significant elevation of the ER stress-related protein ATF6α 

(activating transcription factor 6α) in the SN of OTUD3 knockout mice (P<0.05). (3) A significant 

increase of ATF6α, Bip (Glucose regulatory protein 78) were observed in SH-SY5Y cells of 

OTUD3 knockdown (P<0.05). (4) There was increased level of ATF6α in PTEN knockdown SH-
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SY5Y cells (P<0.05). Conclusion These results suggest that knockdown of OTUD3 leads to ER 

stress in dopaminergic neurons, which may be associated with a decrease in PTEN. 

Keywords: Endoplasmic reticulum stress; OTUD3; PTEN; Dopaminergic neurons  
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Research objective: After the occurrence of ischemia stroke, extracellular glutamate is rapidly 

released to the intercellular space and generate accumulation in the brain. Extracellular glutamate 

contributes to brain damage in ischemia. In physiological conditions, glutamate transporters (GLT-

1 for 90%) are responsible for regulating its intracellular/extracellular concentrations in the brain. 

However, how the extracellular glutamate is regulated in ischemia remains unclear. Therefore, the 

purpose of our study was to clarify the mechanism of SHH pathway regulating GLT-1 clearance of 

intercellular glutamate in the process of cerebral ischemia and to improve post-ischemic brain 

injury through SHH pathway. Methods: Used electrophysiological whole-cell patch clamp to 
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record glutamate transporters current in primary astrocytes in vitro to determine the regulation and 

the mechanism of SHH pathway on GLT-1. And established MCAO models in mice and 

cynomolgus monkeys to verify the protective effect of SHH pathway on cerebral ischemia. Results: 

(1) The SHH pathway phosphorylated GLT-1 at amino acid site of 563 via PKCα to regulated 

extracellular glutamate concentration. (2) Inhibition of SHH pathway by NVP-LDE225 effectively 

reduced cerebral infarction volume and improved neurologic function after ischemia in MCAO 

models. Conclusions: Sonic hedgehog (SHH)-Smoothened (SMO)-GLT-1 pathway is an effective 

target for the treatment of ischemic brain injury and the reduction of glutamate excitatory toxicity.  

Key words: SHH pathway, ischemia, GLT-1, NVP-LDE225 

 

Back to top ↑ 

 

 

P-510 

Apoferritin improves motor deficits in MPTP-treated mice by 

regulating brain iron metabolism and ferroptosis 

 

Li-Mei Song, Zhi-Xin Xiao, Jun-Xia Xie, Hua-Min Xu∗  

 

Department of Physiology, Shandong Provincial Key Laboratory of Pathogenesis and Prevention of 

Neurological Disorders, School of Basic Medicine, Qingdao University, Qingdao, 266071, China. 

Institute of Brain Science and Disease, Qingdao University, Qingdao, China 

 

∗Corresponding author  

E-mail: huamin102@163.com 

 

Abstract: Objective Iron deposition is one of the key factors in the etiology of Parkinson's disease 

(PD). Iron-free-apoferritin has the ability to store iron by combining with a ferric hydroxide-
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phosphate compound to form ferritin. In this study, we investigated the role of apoferritin in 1-

methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced PD mice models and elucidated the 

possible underlying mechanisms. Methods Behavioral experiments were used to detect the changes 

in motor function; Western blotting, immunofluorescence, GSH/GSSG kit and other experimental 

techniques were used to detect the expression of iron metabolism-related proteins and ferroptosis-

related proteins in the substantia nigra (SN) of mice. Results Apoferritin remarkably improved 

MPTP-induced motor deficits by rescuing dopaminergic neurodegeneration in the SN. Apoferritin 

inhibited MPTP-induced iron aggregation by down regulating iron importer divalent metal 

transporter 1 (DMT1). Meanwhile, we also showed that apoferritin prevented MPTP-induced 

ferroptosis effectively by inhibiting the up-regulation of long-chain acyl-CoA synthase synthetase 

4 (ACSL4) and the down-regulation of ferroptosis suppressor protein 1 (FSP1). Conclusion These 

results indicate that apoferritin exerts a neuroprotective effect against MPTP by inhibiting iron 

aggregation and modulating ferroptosis. 

Keywords: Parkinson's disease (PD); 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP); iron; 

apoferritin; ferroptosis 
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Abstract: In the current study, fluoxetine (FLX), could improve the cognitive function in 

Alzheimer’s disease (AD) patients and the neurons of the brain in early AD. However, whether 

FLX can improve the prefrontal cortex function in early AD and if it can, what is the underlying 

mechanism for the FLX-induced improvement of the neurons of the prefrontal cortex in AD remain 

unclear. For this purpose, 8-month-old male APP /PS1 transgenic mice were randomly divided into 

Tg+-FLX group and Tg+-NS group (normal saline), and the wild-type mice with littermate 

randomly divided into Tg--FLX group and Tg--NS group. Mice were treated with FLX or normal 

saline by intraperitoneal injection for a period of 2 months. Then, the spatial working memory 

abilities were assessed with the Y maze, and the number of neurons in the medial prefrontal cortex 

(MPFC) and the number of DCX+ neurons (immature newborn neurons) were quantitatively 

studied by unbiased stereology. We found that the Tg+-NS group mice had working memory 

impairment, and two month intervention of fluoxetine could significantly improve the executive 

ability and working memory of the transgenic AD mice. The stereological results of neurons and 

DCX+ neurons in MPFC: The total number of the neurons and the DCX+ neurons in the MPFC of 

the Tg+-NS group mice was significantly less than that of the Tg--NS group mice (p < 0.01), and 

the total number of the neurons and the DCX+ neurons in the MPFC of the Tg+-FLX group mice 

was significantly more than that of the Tg+-NS group mice (p < 0.01). These results suggest that 

FLX can improve working memory impairment in early AD model mice. At the same time, FLX 

can protect the loss of neurons in MPFC and promote the formation of the newborn neurons. The 

present results are expected to provide a structural basis for FLX to improve the working memory 

ability of early AD. 

Key Words：APP/PS1 transgenic mice, fluoxetine, Medial prefrontal cortex, Newborn neurons, 
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Abstract: Objective Disordered regeneration of axons impedes the functional recovery after 

peripheral nerve injury. Collagen VI (COL6) is recently identified as an extracellular signal that 

promotes the formation of orderly axon bundles. However, the large molecular weight of COL6 

complex (≈2000 kDa) limits the production of COL6 by genetic engineering method . In the present 

study, we explored the feasibility of using smaller COL6 subunits, produced by genetic engineering, 

as substitutes for COL6 complex. Methods: The effects of three recombinant COL6 subunits 

(COL6A1, COL6A2 and COL6A3) on axon bundle formation were compared based on a dorsal 

root ganglion (DRG) ex vivo model. Using immunofluorescence and immunoblotting techniques, 

the expression and distribution of neural cell adhesion molecule 1 (NCAM1) on axolemma were 

examined. Antibody blocking assay was used to verify the promotive role of COL6 subunits-

NCAM1 axis for orderly nerve bundle regeneration. Results: (1) DRG ex vivo preparations showed 

that COL6A2 had the best effect in clustering and ordering axons. (2) The accumulation of NCAM1 

on axolemma was demonstrated to participate in the COL6A2-induced orderly nerve bundle 

formation. Conclusion: Our study revealed that the promotive effect of COL6 on orderly nerve 
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bundle formation is substitutable with COL6 subunits, and the genetic engineered recombinant 

COL6A2 may became a potential therapy against the disordered axonal regeneration. 

Keywords: peripheral nerve regeneration; nerve bundle formation; COL6A2; NCAM1;  
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Abstract: Objective Despite the high demand of the visual system for saccades to be highly 

accurate, eyes do not always direct fovea to the target location with a single saccade, but with 

several successive saccades, namely multistep saccades (MSS). It has been argued that the increase 
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of MSS is linked with Parkinson’s disease (PD), which might serve as a biomarker for PD diagnosis. 

The objective of the present study is to test the validity of this argument. Methods Four groups of 

subjects were recruited in the present study. (1) PD patients(n=39);(2) mild cognitive impairments 

patients(n=34);(3)elderly healthy subjects(n=35);(4)young healthy subjects(n=24). The video-

based eye tracking system was employed to record eye positions while subjects were performing 

three oculomotor tasks, i.e., pro-saccade (PS), anti-saccade (AS), and memory-guided saccade 

(MGS). Results MSS were more frequent in elderly subjects compared to young subjects, but there 

were no significant differences among three elderly groups in three tasks. The incidence of MSS 

with more than 2 steps was higher in MCI than PD. There was a clear tendency that the incidence 

of MSS was higher in voluntary saccades than reflexive saccades. There was no significant 

difference in MSS incidence between horizontal and vertical saccades in three tasks.Conclusion 

Our results indicate that ageing is an important factor to develop MSS. However, it is not reliable 

to employ MSS as a behavioral biomarker to diagnose PD. 

Keywords: saccades; ageing; neurodegenerative disease; Parkinson’s disease; Mild cognitive 

impairment 
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Abstract: Objective Running exercise has been proposed as an effective intervention to improve 

cognitive function and reduce pathology associated with Alzheimer’s disease (AD). However, the 

mechanisms underlying the beneficial effects of running exercise on the specific brain cell types of 

AD brain remain poorly understood. Astrocytes, the most abundant type of glial cells in the brain, 

are susceptible to plasticity, induce and stabilize synapses, regulate the concentration of various 

molecules, and support neuronal energy metabolism. The involvement of astrocytes in AD 

pathology has been widely described, but the exact role in exercise-mediated neuroprotective 

effects deserves further investigation. In this study, we investigated the effect of long-term 

voluntary physical exercise on the modulation of the astrocytes state in hippocampus. Methods 

Male APPswe/PSEN1dE9 (APP/PS1) transgenic AD model mice and their wild-type littermates 

(WT) had free access to a running wheel from 10 to 14 months of age. The effects of voluntary 

exercise on cognition and learning were measured with the Novel object recognition (NOR), Y 

maze and Morris water maze. Then, immunohistochemistry and modern stereological methods were 

used to precisely quantify the total number of glial fibrillary acidic protein (GFAP)-positive 

astrocytes in each hippocampal subregion, and immunofluorescence staining was conducted to 

detect disease-associated astrocytes (DAAs) markers including complement 3 (C3)-positive, 

lipocalin-2 (Lcn2), serine peptidase inhibitor clade A member 3N (Serpina3n) and GFAP in each 

hippocampal subregion. Morphological analysis of GFAP-positive astrocytes was performed using 

ImageJ/Fiji plugins including AnalyzeSkeleton (2D/3D), FracLac and Sholl Analysis.  Results (1) 

We found that long-term voluntary wheel running exercise rescued cognitive impairment in 14-

month-old APP/PS1 mice. (2) Four months of running exercise significantly inhibited hippocampal 
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atrophy and observably reduced extracellular amyloid-beta (Aβ) plaques in hippocampus of 

APP/PS1 mice. (3) Running exercise did not change the total number of GFAP-positive astrocytes 

in the hippocampus, but it increased the number of GFAP-positive astrocytes in the hippocampal 

dentate gyrus (DG) region and reduced the number of GFAP-positive astrocytes in the CA1 region. 

(4) Astrocytes expressing DAAs markers were enriched in proximity to Aβ plaques. Running 

exercise increased GFAP immunoreactivity and reduced C3, Lcn2 and Serpina3n immunoreactivity 

in hippocampus. (5) Astrocytes distant from Aβ plaques were smaller in size and the length and 

number of branches in comparison to Aβ plaque-associated GFAP-positive astrocytes. Voluntary 

running exercise partly restored these branching modifications in GFAP-positive astrocytes, 

resulting in an increased length and number of branches. Conclusions These findings demonstrated 

that voluntary wheel running exercise actively enhanced the protective reaction of astrocytes during 

AD pathology and suggested that astrocytes may be a central component for the exercise‐induced 

improvements in the spatial learning and memory abilities of AD. 

Keywords: Alzheimer’s disease, Voluntary exercise, Cognitive abilities, Hippocampus, Astrocyte, 

Morphology, Stereology.  
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Abstract: Objective The immune response plays an important role in slowing or accelerating the 

rate of disease progression in glaucoma. Dedicator of cytokinesis 2 (DOCK2) is a guanine 

nucleotide exchange factor (GEF) expressed in microglia and regulates microglial innate immune 

function in brain. Toll-like receptor 4 (TLR4) signaling is a classic immunity pathway to recognize 

pathogen and activate microglia. However, the role of DOCK2 in microglial activation mediated 

by TLR4 signaling pathway in glaucoma is still unclear. Methods A mouse model of chronic ocular 

hypertension (COH) was established by injecting magnetic beads into eye anterior chamber and 

primary cultured retinal microglia was activated by CRX-527, a specific TLR4 agonist. 

Immunostaining, Western blotting, siRNA, conditional knockout and phagocytosis assay were also 

employed. Results (1) Expressions of DOCK2 and TLR4 were increased during microglial 

activation in COH retinas. (2) TLR4 regulated DOCK2 expression in retinal microglia. (3) DOCK2 

mediated microglial phagocytosis induced by TLR4 activation. (4) Inhibition of DOCK2 attenuated 

microglial activation and increased retinal ganglion cell (RGC) survival in COH retinas. 

Conclusion DOCK2 is identified as a downstream molecular of TLR4, regulates microglial 

phagocytosis and activation, and aggravates RGC death in experimental glaucoma.  

Keywords: DOCK2; microglia; TLR4; glaucoma; retina 
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Abstract: Objective Age-related macular degeneration(AMD) is one of the leading cause of 

blindness worldwide. Clinically, it is classified as early-stage (medium-sized drusen and retinal 

pigmentary changes) to late-stage (neovascular and atrophic). AMD is a multifactorial disorder, 

with dysregulation in the complement, lipid, angiogenic, inflammatory, and extracellular matrix 

pathways implicated in its pathogenesis. We aim to study whether the CM082 can suppress the 

hypoxia-induced retinal angiogenesis in the larval zebrafish. Methods The transgenic zebrafish 

Tg(flk:EGFP) were placed in a hypoxia device for 4 days(1-5 dpf). The retinal blood vessels were 

imaged by laser scanning confocal microscope(FV1000, Olympus). We performed the optokinetic 

response assays(OKR) to visually examine the functional deficiencies at 5 dpf in the zebrafish 

larvae.Q-PCR and frozen section were also performed at 5 dpf. Results (1) CM082 suppresses 

hypoxia-induced retinal angiogenesis in the larval zebrafish. (2) CM082 downregulates the 

VEGFR2 expression. (3) CM082 improves the visual function deficiency. Conclusion CM082 

suppresses hypoxia-induced retinal angiogenesis by downregulating the VEGFR2 expression in the 

larval zebrafish. 

Key words: Age-related macular degeneration (AMD); hypoxia; CM082; retinal angiogenesis 
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Abstract: Multiple sclerosis (MS) is a chronic inflammatory disease that affects the central nervous 

system and results in the degradation of the myelin sheath. The present study aimed to investigate 

the protective effects of dietary in the form of ethyl esters (EE)-fish oil (FO) on the MS mouse 

model, which was induced by cuprizone (CPZ). We found that EE-FO supplementation ameliorated 

CPZ-induced demyelination and improved learning and memory impairments of mice. Meanwhile, 

CPZ-induced demyelination was observed to be alleviated in EE-FO-treated mice based on luxol 

fast blue (LFB) staining and myelin basic protein (MBP) expression analyses. Results of GST-π 
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immunofluorescence staining and CNPase western blotting revealed a noticeable rise in the number 

of mature oligodendrocytes and myelin levels in CPZ mice after EE-FO administration. In addition, 

EE-FO treatment reduced microglia activation in the corpus callosum. Furthermore, we 

demonstrated that EE-FO treatment  down-regulate the expression of M1-markers (CD16 and 

CD32), pro-inflammatory cytokines (IL-1β and TNF-α), and promote the expression of M2-markers 

(CD206 and Arginase-1). Concomitantly, the EE-FO treatment increased the expression of SIRT1 

and AKT, but suppressed the expression of NF-κB p65 and NLRP3 inflammasomes in CPZ mice. 

Taken together, these results suggest that EE-FO supplementation exerts a neuroprotective effect 

on CPZ-induced demyelination mice by modulating the SIRT1/p-AKT and SIRT1/NF-κB/NLRP3 

pathways. 
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Abstract: Objective EphA4/ephrinA3 reverse signaling is responsible for the regulation of 

glutamate transporters in glial cells. Glutamate excitotoxity is an important mechanism for retinal 

ganglion cell (RGC) apoptosis in glaucoma. However, whether and how EphA4/ephrinA3 reverse 

signaling is involved in RGC apoptosis in glaucoma remains elusive. Methods A rat model of 

chronic ocular hypertension (COH) was established by injecting micro-magnetic beads into anterior 

chamber. Glutamate transporter current mediated by GLAST was recorded by whole-cell patch 

clamp technique. Interactions between ephrinA3 as well as GLAST with Src were measured by co-

immunoprecipition assay. Results The expression and current density of GLAST were 

downregulated in Müller cells isolated from COH retinas or EphA4-Fc treatment retinas, followed 

by drastically increased TUNEL-positive signals in the RGC layer. Both the change of GLAST and 

RGC apoptosis were reversed by intravitreally pre-injecting PP2 (a Src family kinase inhibitor). 

The interactions among ephrinA3, GLAST and Src were detectable in normal retinas. Conclusion 

Activated EphA4/ephrinA3 reverse signaling contributes to RGC apoptosis by directly 

downregulating GLAST function.  

Keywords: Müller cell; ephrinA3; EphA4; GLAST; glaucoma; apoptosis 
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Abstract: Objective Parkinson’s disease (PD) is an aging-related neurodegenerative disease with 

the clinical motor symptoms closely linked to the abnormal structure and dysfunction of the basal 

ganglia circuit. Globus Pallidus internus (GPi) is not only a key output nucleus of the basal ganglia 

circuit, but also a clinically crucial target nucleus in deep brain stimulation (DBS) treatment of PD. 

According to the classical theory, GPi accepts both the direct and indirect projection from striatum 

(Str), which is most likely to relate to the principle of DBS. However, the direct input to GPi has 

not been addressed completely yet. Methods The neuroanatomical projection from Str to GPi was 

mapped by retro-AAV-GFP in SD rats. Results After injection for 21 days, the green fluorescence 

of retro-AAV-GFP was observed in GPi. The labeled neurons were seen in cortex by retrograde 

tracing. Unfortunately, the retrograde label were not seen in Str. Conclusion Our data that the 

projection from Str to GPi has not been seen might challenge classical theory, which need to be 

further investigated. 

Keywords: Basal ganglia; globus pallidus internus; striatum; neural tracing technology. 
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Abstract: Objective miR-146a-5p has been implicated in macrophage activation and inflammatory 

process of disease. Activated microglia aggravates neuroinflammation which contributes to 

glaucomatous neuron injury. However, the role of miR-146a-5p in microglial activation in 

glaucoma remains unclear. Methods miR-146a-5p was intravitreally injected in a mouse model of 

chronic ocular hypertension (COH) or transfected in primary cultured microglia. QPCR and 

western blot were used to detect proinflammatory cytokines and the target proteins. Results 

Microglia was activated in COH retinas. miR-146a-5p was decreased in activated microglia 

induced by BzATP while tumor necrosis factor-α (TNF-α) and IL-6 were upregulated. 

Overexpression of miR-146a-5p reduced the release of TNF-α and IL-6 in activated microglia and 

COH retinas. Interleukin 1 receptor associated kinase (IRAK1) and TNF receptor associated factor 

6 (TRAF6), the target genes of miR-146a-5p, were decreased after overexpression of miR-146a-5p 

in activated microglia. Conclusion miR-146a-5p reduced the release of proinflammatory cytokines 

from activated microglia through IRAK1 / TRAF6 in experimental glaucoma mice, suggesting 

miR-146a-5p may be a therapeutic target for glaucoma. 

Keywords: microglia; miR-146a-5p; neuroinflammation; chronic ocular hypertension; TNF-α 
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Abstract: 

Background Hereditary spastic paraplegia (HSP) refers to a group of neurodegenerative disorders 

characterized by bilateral weakness, spasticity, and hyperreflexia in the lower limbs. The autosomal 

dominant HSP (ADHSP) predominantly presents as the pure form, but the clinical profiles and 

causal genetic variants underlying ADHSP are complex, and many remain unknown. 

Methods A cohort of 15 Chinese HSP pedigrees (including 35 patients and their 22 relatives) were 

screened by multiplex ligation-dependent probe amplification (MLPA) or whole-exome sequencing 

(WES). Neurological assessments were also conducted. 

Results The main subtypes of HSP above detected in our cohort were SPG4, SPG3A, and SPG6. 

Fifteen HSP-inducing mutations were identified, among which six were novel mutations: SPAST 

c.1277T>C, c.1292G>C, c.1562T>C, c.1693A>T, NIPA1 c.748A>C, and KIDINS220 c. 4448C>G. 

As expected, the most common presentation of the ADHSP cases was the pure form, manifesting 

spasticity of lower limbs and hyperreflexia, as well as pyramidal signs. Differing substantially from 

previous reports for KIDINS220 variants, our study family exhibited autosomal dominant 

inheritance, and only presented with spastic paraplegia, but no signs of intellectual disability, 

nystagmus, or obesity (SINO). 

Conclusion Our work reveals a non-classical SINO phenotype for a KIDINS220 mutation, which 

broadens both the clinical and genetic spectrum for ADHSP. Beyond underscoring the utility of 

using both MLPA and WES in studies of HSP, our work deepens the scientific understanding of 

phenotypes for ADHSP and defines new genetic variants to facilitate future diagnoses. 
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Abstract: Objective Cell-replacement therapies have long been a promising avenue for treating 

Parkinson disease result from degeneration of dopamine neuron (DA) in the substantia nigra pars 

compacta (SNc). Despite significant advancements in mDA differentiation protocols, TH yield is 

still low after transplantation, within the graft exist plenty unwanted and unknown cell type such 

as proliferating cell or serotonergic neuron, these cells may cause the side effects. In the present 

study, we want to explore new surface markers which can indicate DA precursor, eliminate 

unwanted and proliferated cells, and achieve predictability of cellular composition.  Methods 1. 

Explore novel surface markers based on vitro DA differentiation system by scRNA-seq and bulk 

RNAseq; 2. CRISPR/Cas9-mediated genome editing and generation of hES cell lines; 3. 

Electrophysiology recording of DA neuron derived from grafts in brain slice to validate functional 
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maturation and form functional connection; 4. Immunostaining to validate that surface markers can 

enrich DA neurons and eliminate unwanted cells; Results 1. We found two surface markers (SMs) 

and constructed SM1-tdt and SM2-tdt reporter cell lines; 2. SM1 and SM2 could enrich DA 

precursors in vitro and in vivo; 3. DA neuron in grafts derived from SM1 and SM2 cell line owned 

normal electrophysiological properties; 4. SM1+ and SM2+ grafts could relieve motor deficits in 

Parkinson mouse model; 5. SM1+ and SM2+ could effectively remove unwanted cells.  Conclusion: 

SM1+ and SM2+ cell line can enrich DA neurons, eliminate unwanted cells and relieve motor 

deficits in Parkinson mouse model. Cells from SM1+ and SM2+ graft are predictable.  

Keywords: scRNA-seq, cell sorting, Parkinson’s disease, transplantation , SM1+, SM2+, 

dopaminergic neuron 
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Abstract: Objective Oxidative stress plays an important role in the pathogenesis of Alzheimer's 

disease (AD). Antioxidant therapy may be an effective strategy to ameliorate the neurodegenerative 

process in AD patients. Baicalein, a flavonoid compound, has a wide range of anti -lipid 

peroxidation and antioxidant activities. Although baicalein has been proposed to delay the 

pathology of AD, its specific mechanism is still unclear. Methods APP/PS1 transgenic mice were 

administered with baicalein and equal volume of solvent by intragastric once per day for 3 months. 

The underlying mechanism was verified after the treatment. Results (1) Baicalein can improve the 

antioxidant ability and alleviate Aβ accumulation and plaque formation by shifting amyloid 

precursor protein (APP) processing toward the nonamyloidogenic pathway, thereby improving 

cognitive and memory ability in APP/PS1 transgenic mice. (2) Baicalein induced SIRT1 is involved 

in these processes by deacetylate FOXO3A and up‐regulating ADAM10, respectively. (3) The 

inhibition of 12/15 lipoxygenase (12/15 LOX) by baicalein can reduce the level of lipid 

peroxidation in the brain of APP/PS1 mice. Conclusion Baicalein might be a potential agent for 

AD treatment.  

Key words: Alzheimer’s disease; Oxidative stress; SIRT1; 12/15 LOX; Baicalein 
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ABSTRACT: Limb girdle muscular dystrophy R7 (LGMD R7) is a rare autosomal recessive 

muscle disorder characterized by proximal muscle weakness of pelvic and shoulder girdles. 

Mutation in TCAP is responsible for LGMD R7, and the disease has a wide geographic distribution 

in diverse populations, but genotype-phenotype relationships remain unclear. We collected 5 

LGMD R7 patients from three unrelated Chinese families. The average onset age was 16±1.41; the 

initial symptoms included progressive proximal muscle weakness in limbs, difficulty in fast 

running, and asymmetric muscle atrophy in calves. Muscle MR imaging showed varying severity 

of fatty infiltration in the pelvic girdle, thigh, and calf muscles, and the severity of muscle 

infiltration was related to the length of the disease course. Muscle histopathology revealed 

aberrantly sized muscle fibers, internal nuclei, split fibers, rimmed vacuoles, monocyte invasion, 

and necrotic fibers. Sequencing identified one novel and one previously reported TCAP mutation. 

Our study extends the known distribution of this rare muscular dystrophy and presents the first 

detailed clinical and genetic characterizations of LGMD R7 cases from the Chinese population. 

Our work expands the mutation spectrum known for LGMD R7 and emphases the need for 

clinicians to consider TCAP mutations when evaluating patients with symptoms of limb girdle 

muscular dystrophy.  

Key words ： Limb girdle muscular dystrophy R7; Clinical features; Muscle MRI; Muscle 

histopathology; TCAP mutation; Chinese population. 
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Abstract: Objective: Microglia are the main immune cells in the central nervous system (CNS), 

participating in the development, normal functioning, injury, and aging of the CNS. In a variety of 

neurodegenerative diseases, microglia impair the transcriptional profile, morphology, and 

properties, resulting in the occurrence or the progress of diseases. This paper summarizes the 

research progress of microglia in neurodegenerative diseases, in order to shed new lights to the 

prospective diagnoses and therapies. Methods: The literatures about microglia and 

neurodegenerative diseases are reviewed and summarized from the PubMed database. Results: 

Microglia is defined as innate immune cells of the CNS of myeloid origin that express Cx3cr1, 

CD11b, Iba1, and F4/80. On the one hand, microglia basically function as the following three 

aspects: a guard involved in constant sensing of environment changes, a housekeeper that promotes 

normal neuronal operation, and a defender necessary for neuroprotection. During the process, 

specific genes are used to accomplish these tasks. On the other hand, microglia are also able to 

damage and kill neurons in response to specific stimuli or neuroinflammation. Neuronal damage in 

Alzheimer's disease, Parkinson's disease, Huntington's disease, frontotemporal dementia as well as 

amyotrophic lateral sclerosis is caused by the disruption of the sentinel or housekeeping functions 

and dysregulation of the defense function for neuroinflammation. This imbalance includes several 

sensing and housekeeping pathways, such as TREM2, CX3CR1 and progranulin pathways, which 

act as immune checkpoints to regulate the inflammatory response of microglia and scavenger 

receptor to promote the elimination of harmful stimuli.  Conclusion: Microglial functions play a 

significant role in the initiation or exacerbation of neurodegeneration, so normalizing their function 

may be a potential target for therapy. 

 

Key words: Microglia, neurodegenerative diseases, neurodegeneration, neuroinflammation 
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Abstract: Extracellular matrix (ECM) network homeostasis is closely related to the pathogenesis 

of Alzheimer’s disease (AD). It has been reported the expression level of ECM disrupts  in AD 

patients and animals. While the relationship between ECM and AD is unclear. Here, our results 

should ECM hydrolase chondroitinase ABC (ChABC) noteworthy restores spatial short -term 

memory in AD mice. ChABC also decrease the number and size of senile plaques, and significantly 

reduce oligomer amyloid beta (Aβ). In additional, immunofluorescence staining should the number 

of astrocytes was reactived around senile plaques. Furthermore, we find ChABC didn’t influenced 

the expression of Amyloid precursor protein and β-secretase 1 in vivo, while directly hydrolyze 

aggregated Aβ in vitro. These results indicated that ChABC restores spatial short-term memory that 

maybe depolymerize amyloid beta and reactive astrocytes in AD mice. It suggested further 

investigations into the benefits of ChABC treatment for depolymerizing Aβ in AD. 

Key words: ChABC; Amyloid beta; Memory defects; Alzheimer’s disease. 
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Abstract: Objective Parkinson’s disease (PD) is a neurodegenerative disorder characterized by a 

progressive loss of nigral dopaminergic (DA) neurons, as well as the presence of aggregates 

containing α-synuclein called Lewy bodies. Numerous studies have highlighted a potential role of 
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microgliosis in PD. Reactive microglia were observed in postmortem brain samples of PD patients. 

And recent findings show microglia establishing direct contact with different compartments of 

neurons, microglial processes at these junctions could potentially monitor and protect neuronal 

functions. The interaction between microglia and neurons in neurodegenerative disease remains 

elusive. Here, we investigated functional features of direct microglia-neuron contacts and their 

roles in PD model. Methods Male CX3CR1+/GFP mice were anesthetized with pentobarbital and 

unilaterally injected with rAAV9-hSYN or rAAV9-3FLAG into the right SNpc for establishing an 

α-synuclein-overexpressed PD model. The forelimb lateralization and motor coordination and 

learning of PD model mice were tested by cylinder tests and rotarod tests. The survival of 

dopamine-positive neurons in the substantia nigra of PD mice was detected by immunochemistry 

staining and the stereological quantification of nigral TH-positive cells. The activation of microglia 

and their contact with TH-positive neurons was detected by immunofluorescence staining and 

confocal laser scanning microscopy analysis. Results (1) Histological analysis revealed a 

progressive loss of nigral DA neurons and striatal fiber degeneration after α-syn overexpression 

induced by injection of the rAAV9-hSYN. Signs of α-syn toxicity, including the formation of α-

syn-positive inclusions and dystrophic neurites, developed in the transduced DA neurons ; (2) The 

number of microglia was increased and cell bodies of microglia was enlarged 8W after rAAV 

injection, confirming activation of microglia in the SN. And more protracted microglia response 

correlated with long-lasting CD68 expression which is seen in cases where α-syn has induced both 

pathological changes and cell death; (3) Post-hoc confocal laser scanning microscopy analysis 

revealed increased direct contact between microglia and neurons, and the level of phagocytosis of 

the contacted TH-positive neurons by microglia increased; (4) Modulating MFG-E8 to inhibit the 

integrin mediated phagocytosis pathway in microglia prevents neurodegeneration in rAAV9-hSYN 

PD model. Conclusion Overexpression of α-syn can lead to increased microglia-neuron contacts 

in substantia nigra, and MFG-E8 mediated phagocytosis is involved in the aberrant contacts and 

dopamine neuron loss. 

Keywords: Parkinson's disease, α-synuclein, Microglia-neuron contacts, MFG-E8 
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Abstract: Objective Parkinson’s disease (PD) is a neurodegenerative disease characterized by 

dopaminergic neurons degeneration in the substantia nigra pars compacta (SNc). Abnormal iron 

accumulation is present in the SNc of patients and animal models of PD, accompanied by the 

development of neuroinflammation. A pathologic agent might penetrate and spread throughout the 

central nervous system via the olfactory bulb, which is proposed to be one of the early affected 

regions in Braak stages. Olfactory impairment is the first non-motor disturbances in PD before the 

motor symptoms. We are interested in whether iron accumulation and neuroinflammation in the 

SNc might be synergistic with intranasal insults. Methods In the present study, we investigated the 

effects of the intranasal administration of ferric ammonium citrate (FAC) and/or 

lipopolysaccharides (LPS) on the dopaminergic neurons in the SN. Results (1)We observed there 

are dramatic increase of Ferritin light chain protein levels and decline of tyrosine hydroxylase (TH) 

protein levels in the olfactory blub with the delivery of FAC for 3 weeks. (2) Increased Ferritin 

light chain expression was also observed in the olfactory blub in mice with LPS delivery, 

comparable to that in mice with FAC and LPS co-administration. Whereas the olfactory 

discrimination test exhibits no significant olfactory dysfunction in all groups. (3)Neither the 

number of iron-positive cells nor protein levels of Ferritin light chain were altered in the SN and 
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striatum of mice, indicating intranasal FAC and/or LPS insults for 3 weeks were unable to induce 

nigral iron deposition. The number of IBA1+ cells, as well as the number of TH-positive neurons 

and TH protein levels were unchanged, suggesting that there is no visible neuroinflammation and 

dopaminergic neuron loss in the SN. (4)Interestingly, LPS upregulated the protein levels of Ferritin 

light chain in the medial prefrontal cortex (mPFC). Conclusions Our results demonstrated the 

intranasal delivery of LPS and/or FAC for 3 weeks fail to induce iron deposition and 

neuroinflammation, as well as neurodegeneration in the SN. 

Keywods: Intranasal administration; Iron deposition; Parkinson’s disease; Neuroinflammation; 

Substantia nigra pars compacta 
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Abstract: Objective Parkinson's disease (PD) is a complex neurodegenerative disease. Its main 

pathological change is the progressive death of dopaminergic (DA) neurons in substantia nigra pars 

compacta. Studies have shown that Sirt6 plays an important role in the development of PD, but the 

mechanism is still unclear. The present study is to explore whether sirt6 affects DA neuron survival 

by influencing mitochondrial functions in a 1-methyl-4-phenylpyridinium (MPP+) -induced SH-

SY5Y cell model of PD. Methods ROS, mitochondrial number, mitochondrial superoxide and 

mitochondrial membrane potential were detected by staining to evaluate the severity of 

mitochondrial dysfunction and oxidative stress. The mRNA and protein levels of PGC-1α, Nrf1, 

and TFAM were analyzed using RT-qPCR and western blot assay. Flow cytometer was used to 

detect the degree of apoptosis. Results Increased expression of SIRT6 causes mitochondrial 

dysfunction and apoptosis; SIRT6 knockdown reduces mitochondrial dysfunction and apoptosis. 

Conclusion The reduction of SIRT6 expression can improve MPP+-induced apoptosis by 

alleviating mitochondrial dysfunction. 

Keywords: Parkinson's disease; SIRT6; Mitochondrial dysfunction; Apoptosis 
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Abstract: Objective Parkinson’s disease (PD) is a common neurodegenerative disease in the 

elderly. The loss of dopamine (DA) neurons in the substantia nigra pars compacta (SNpc) and Lewy 

bodies formed by abnormal aggregation of α-synuclein are the typical pathological changes of PD, 

resulting in not only movement disorders including bradykinesia, static tremor, and rigidity and so 

on, but also non-motor symptoms such as depression, anxiety, sleep and cognitive disorder. 

However, the precise mechanisms underlying the pathogenesis of PD remains unclear. A growing 

body of evidence demonstrates that low levels of Ndfip1 might be involved in the pathogenesis of 

PD. The present study is to explore whether Ndfip1 plays a protective effect against PD. Methods 

In this study, western blotting, adenovirus and adeno-associated virus, and immunofluorescence 

were used to explore the protective effects and possible mechanisms of Ndfip1 on MPTP-induced 

PD mice model. Results (1) After treatment with 100 umol/L MPP+ for 24 hrs, the protein level of 

Ndfip1 in SH-SY5Y cells was decreased compared with the control group. (2) Compared with the 

control group, the turning time of the mice in MPTP/AAV. GFP group was prolonged, which could 

be inhibited by AAV. Ndfip1 pretreatment. (3) Compared with the control group, the number of 

tyrosine hydroxylase (TH)-positive cells in the SN of MPTP/AAV. GFP group was decreased; and 

the number of TH-positive cells was increased in the MPTP/AAV. Ndfip1 group compared with 

the MPTP/AAV. GFP group. (4) Compared with the control group, the expression of TH in the 

MPTP/AAV. GFP group was down-regulated respectively, which could be inhibited by AAV. 

Ndfip1 pretreatment. Conclusion Ndfip1 has a protective effect on MPTP-induced PD mouse 

model.  
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Abstract: Accumulations of β-amyloid (Aβ)-containing plaque senile and neurofibrillary tangles 

(NFTs) made up of hyperphosphorylated Tau are two of the main pathological hallmarks of 

Alzheimer’s disease (AD). The inhibition of production or the promotion of clearance of AD -

associated proteins are recognized as promising therapeutic strategies for AD. Both 

deoxytrillenoside CA (DTCA) and epitrillenoside CA (ETCA), two steroidal saponins isolated from 

Trillium tschonoskii Maxim. (TTM), were previously reported to protect neuronal cells against 

oxidative damage via autophagy induction. Here, we further investigated whether DTCA and ETCA 

promoted the autophagic clearance of Aβ and Tau in multiple models of AD, including neuronal 

cells, Caenorhabditis elegans (C. elegans), and APP/PS1 mice. The results showed that DTCA and 

ETCA not only inhibited Aβ production and BACE1 activity but also decreased Aβ-induced cell 

death in neuronal cells. In addition, DTCA and ETCA promoted the clearance of APP, Tau, and 

Tau-P301L, as well as decreasing their cytotoxicity levels in neuronal cells. Mechanistic studies 

found that DTCA and ETCA induced autophagy/mitophagy in HT-22 cells via the mTOR, 

AMPK/ULK1, and PINK1/Parkin signaling pathways, which was closely linked with the clearance 

of APP, Tau, and Tau-P301L. Furthermore, DTCA and ETCA significantly inhibited Aβ(1-42)- or 

Tau-P301L-induced apoptosis in HT-22 cells. In the in vivo experiments, DTCA and ETCA were 

demonstrated to induce autophagy/mitophagy, reduce Aβ aggregation, delay paralysis, and improve 

the food-sensing behavior in C. elegans. Moreover, ETCA alleviated cognitive impairment and 
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pathology in APP/PS1 mice. Therefore, this study strongly highlights the potential of DTCA and 

ETCA to act as anti-AD drugs. 

Keyword: Alzheimer’s disease, Aβ, Tau, deoxytrillenoside CA, epitrillenoside CA, 

autophagy/mitophagy 
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Abstract: Objective Abnormalities in the structure and function of the basal ganglia circuits 

usually leadtomotor related dysfunction, for example, Parkinson’s disease (PD). The function of 

cortical-basal ganglia circuits may play an important role in the pathogenesis and treatment of PD. 

The globus pallidus interna (GPi) is one of the main output nuclei of the basal ganglia, and also is 
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an important therapeutic target of deep brain stimulation for the treatment of motor symptoms in 

PD. The entopeduncular nucleus (EP) in rodents is homogeneous of primates GPi. However, the 

mechanism and function of the cortical-EP circuit have not been elucidated. The present study 

focused on the neural circuitry of cortical-EP and its changes in PD in mice. Methods Retrograde 

neural tracer retro-AAV-GFP and CTB-555 was injected into EP of C57BL/6j mice. Frozen brain 

slices were prepared after 21 days and cortical projection was observed. Results (1) Retrograde 

neural tracer showed that the main motor cortex was labeled which projected directly to the EP. (2) 

The main labeled neurons in the main motor cortex (M1) of mice were located in layer 5. 

Conclusion The cortical-EP circuit might be a component of the basal ganglia circuit and contribute 

to motor regulation.  

Keywords: basal ganglia; entopeduncular nucleus; main motor cortex; Parkinson's disease 
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Abstact: Objective Basal ganglia (BG) coordinate movement, cognition and programmed memory. 

The cortical-basal ganglia loop plays an important role in normal motor function and motor 

disorders. The globus pallidus interna (GPi) is an important output nucleus of the basal ganglia, 

and also it is one of key targets for clinical relief of motor symptoms in Parkinson's disease (PD). 

It is very important to clarify how the cortex regulates the activity of basal ganglia when 

understanding the mechanism of basal ganglia in motor regulation. The present study is to explore 

the neuroanatomical of cortical-GPi pathway. Methods The GPi site was determined by Cholera 

Toxin B subunit (CTB-488) in SD rats. The cortical-GPi pathway was identified by retro-AAV-

GFP, which injected into GPi for 21 days. Results (1) GPi showed green fluorescence by CTB, and 

the site was AP -2.4mm, ML -3.0mm, DV -7.6mm (AP, ML and DV denate anteroposterior, 

mediolateral and dorsoventral distance from the bregma, respectively). (2) In rats, GFP -positive 

neurons could be seen in cortex which projected to GPi by retro-AAV-GFP. Conclusion The 

cortical-GPi pathway might be essential part of cortical-basal ganglia neural circuits and play roles 

in motor regulation.  

Keywords: basal ganglia; globus pallidus interna; cortical-GPi pathway; Parkinson's disease 
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Traumatic brain injury is associated with Alzheimer’s disease-

related pathogenesis and neurodegeneration 

 

Abstract: Tau pathogenesis is a hallmark of many neurodegenerative diseases, including 

Alzheimer's disease. Accumulating evidences show that pathological tau has the ability to function 

as a template and self-amplify and becomes the “seeds” in the pathological process. These “seeds” 

initiate a cascading amplification loop subsequently and spread along the neural circuit to a wider 
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brain area, which is positively correlated with the patients’ disease progression. However, the 

causes for the formation and the factors that drive transmission of pathological tau are still unclear. 

Clinical data show that people who have experienced traumatic brain injury (TBI) have a higher 

incidence of tauopathies and their neurological changes are very similar to AD patients. Thus, TBI 

is considered to be a risk factor for neurodegenerative diseases, including AD. However, the exact 

correlation between TBI and tau pathogenesis are still unclear. 

We have developed a repetitive mild TBI (rmTBI) mouse model, combining with several AD-

related mouse models, we found rmTBI disrupted axonal microtubules, induced tau pathogenesis 

and caused neurodegeneration in wild-type mice and APP transgenic mice carrying abundant Aβ 

plaques. Aβ and TDP43 pathogenesis were also increased in rmTBI-treated mice. Treating the mice 

with microtubule stabilizing compound, we could rescue the TBI-induced tau and TDP43 

pathogenesis and the associate neurodegeneration. 

In addition, we found rmTBI also promoted the transmission of pathological tau in mice with pre -

existing or exogenously injected tau “seeds”. 

In conclusion, TBI plays a critical role in the formation of the initial pathological “seeds”, 

subsequent transmission, and neurodegeneration. Our study provides new insights on AD 

pathogenesis mechanisms. 

Key words: traumatic brain injury, tau, TDP43, transmission, Alzheimer's disease, microtubule 
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Screening the co-factors that promote the formation of 

pathological tau strain in Corticobasal degeneration  

 

Abstract: Pathological tau inclusion is a hallmark of many neurodegenerative diseases, including 

Alzheimer’s disease (AD), Chronic traumatic tncephalopathy (CTE), Pick’s disease (PiD), 
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Progressive supranuclear salsy (PSP) and Corticobasal degeneration (CBD), which are generally 

classified as tauopathies. The conformation of the pathological protein strains, the cell types  

harboring pathologies, and the disease symptoms are variable among different tauopathies. 

However, little is known about how the tau seeds with the pathological conformation is initially 

formed. In the pathological CBD-tau structure, three lysines (K290, 294 and 370) enclose a region 

of unknown density. We suspect that it might be a non-protein molecule, function as a co-factor, 

insert into the tau structure and lead to CBD-specific tau strain formation. Citrate, an important 

metabolic molecule with multiple negative charge centers, as well as other 8 compounds in the 

tricarboxylic acid cycle were tested. Some of them showed the ability to induce tau prefabricated 

fibrils (PFF) in vitro, although their activities to induce endogenous aggregation in cell and in vivo 

were not detected. The small-molecule metabolomics data from AD/FTLD patients and normal 

brain tissue samples showed some abnormalities of carbohydrate metabolism molecules, which is 

consistent with our finding that the sugar ring structure conforms to the size of the aforementioned 

unknown density in CBD-tau structure. Next, we will focus on negatively charged, rigid linear 

glycan molecules as co-factors screening candidates. To sum up, different cofactors may be 

responsible for the diversity of tau strains, and identifying these cofactors would provide insight 

into the tauopathies pathogenesis. 

Key words: Tauopathy, Neurodegenerative disease, Corticobasal degeneration, Pathological 

conformation 
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锁阳乙酸乙酯提取物对 AD 线虫的治疗作用及相关机制研究 

 

Abstract: Background: Alzheimer's disease (AD) is a neurodegenerative diseases, which is 

characterized by cognitive decline and eventually dementia. Although there are many researches 

on the pathogenesis, diagnosis and treatment of AD, there are still few effective treatment methods 

in prevention, delay and reversal of the disease.In our rsearch,we found that Cynomorium 
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songaricum can protect nervous system and regulate hormones, but its mechanism is not completely 

eliminated.This mechanism may be related to energy metabolism, so this experiment will further 

explore the relationship between mitochondrial energy and AD caused through -LKB1-AMPK-

ULK1/PGC1α pathway of energy metabolism. 

Objective: In this study,the pharmacological and toxicological effect of ethyl acetate extract of 

Cynomorium songaricum (ECS)  was tested on the C.elegans and PC12 cell line,so as to provide 

reference for the further study of AD. 

Methods: The wild-type C. elegans were cultured to L4 stage at 20 ℃ and randomly selected. The 

concentration of ECS was set as 10mg / ml, 5mg / ml, 1mg / ml, 0.8mg/ml, 0.4mg/ml, 0.1mg/ml. 

The blank control group was set.Acute heat stress test at 35 ℃ was carried out to preliminarily 

screen the concentration of ESC to observe whether ESC can improve the stress resistance of C.  

elegans in extreme environment and prolong the life span of C. elegans.The longevity of wild -type 

C. elegans was observed under different concentrations of ESC.The effects of ESC on the motility, 

swallowing ability and reproductive ability of C. elegans were observed under microscope .By this 

way ,we can observe the effect of ESC on the life span and paralysis of AD model C. elegans 

(CL4176).CCK-8 method was used to screen the concentration of injured cells, the concentration 

of drug administration and the concentration and time of drug toxicity. The protein ULK1、AMPK

α、PGC1α and LKB1 expression level related to energy metabolism were detected by Western 

blot to explore its mechanism. 

Results: Heat stress test:we found that ECS with high concentration (10mg / ml, 5mg / ml, 1mg / 

ml) had obvious toxicity to C. elegans. Therefore, we choose (0.8 mg / ml, 0.4 mg / ml, 0.1 mg / 

ml) for the later experiment. Life span test in CL4176 showed significant difference（* P < 0.05）. 

Compared with the blank group, the life curve of ECS 0.4mg/ml group moved up, and the average 

life span was extended from 12.38d to 14.53d, which was 17.36% longer.Compared with the control 

group, the frequency of pharyngeal pump experiment in the treatment group was normal， C. 

elegans don’t prolong life by dietary restriction.  ECS could effectively improve the paralysis of 

AD model C. elegans(CL4176) (* P < 0.05), and the effect was extremely significant when the 

concentration of ECS was 0.4mg/ml (* * P < 0.01).In cell experiments，the results showed that the 

best injury time was 4 h and the best injury concentration was H202（400 µmol·L-1），LA （150 

µmol·L-1）.The best administration time was 2 hours before injury, and the best concentration 

was ECS 200 µg·mL-1（400 µmol·L-1，injuried by H202 ）；ECS 200 µg·mL-1（150 

µmol·L-1，injuried by LA）.Compared with the control group,LKB1（*P<0.05）、AMPKα



The 14th Annual Meeting of Chinese Neuroscience Society 

 

（**P<0.01）、ULK1（**P<0.01）  in H202 group and LA group increased significantly.No 

matter what kind of injury, ECS can significantly reduce the expression of LKB1（*P<0.05）、

AMPKα（**P<0.01）、ULK1（**P<0.01）.Although there was no significant difference in the 

expression level of PGC1 between H202 group and LA group. But compared with the control group, 

The expression level had a downward trend; compared with the model group, The expression of 

PGC1 α increased after ECS administration. 

Conclusion: ECS has a protective effect on C.elegans and PC 12 cell line, the mechanism of its 

action is related to the imbalance of mitochondrial energy metabolism caused through pathway -

LKB1-AMPK-ULK1/PGC1α. 

Key words: Alzheimer's disease, Ethyl acetate extract of Cynomorium songaricumn, C.elegans, 

energy metabolism, - lkb1-ampk-ulk1 / PGC1 α channel 
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Abstract: Objective Alzheimer’s disease (AD) is a progressive neurodegenerative disease with 

high prevalence rate among the elderly population. A large number of clinical studies have 

suggested repetitive transcranial magnetic stimulation (rTMS) as a promising non-invasive 

treatment for patients with mild to moderate AD. However, the underlying cellular and molecular 

mechanisms remain largely uninvestigated. Methods Cognitive functions and pathological changes 

in the brains of 4- to 5-month old 5xFAD mice, an early pathological stage with pronounced 

amyloidopathy and cognitive deficit 5xFAD mice, were examined for determining the therapeutic 
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effects of high frequency rTMS treatment. The stimulation was continued for 2 weeks, which 

contained a total of 4000 magnetic stimulation pulses given daily, consisting of 100 burst trains 

and 40 pulses of each train at 20 Hz with a 5 sec intertrain interval.  At the end of rTMS treatment, 

mice underwent memory tests including Y-maze, novel object recognition and novel location 

recognition. A 10 kDa Dextran-Alexa Fluor 647 tracer was injected into the cisterna magna 

compartment, and brains, meninges and deep cervical lymph nodes were collected 30 min later for 

subsequent immunofluorescence analysis. Results rTMS treatment effectively prevented the 

decline of long-term memories of the 5xFAD mice for novel objects and locations. Importantly, 

rTMS treatment significantly increased the drainage efficiency of brain clearance pathways, 

including the glymphatic system in brain parenchyma and the meningeal lymphatics, in the 5xFAD 

mouse model. Significant reduction of Aβ deposits, suppression of microglia and astrocyte 

activation, and prevention of decline of neuronal activity as indicated by the elevated c-FOS 

expression, were observed in the prefrontal cortex and hippocampus of the rTMS-treated 5xFAD 

mice. Conclusion Our findings provide a novel mechanistic insight of rTMS in regulating brain 

drainage system and β-amyloid clearance in the 5xFAD mouse model, and suggest the potential 

use of rTMS for the intervention of other neurodegenerative and psychiatric disorders related to 

meningeal lymphatic dysfunction. 

Keywords: Alzheimer’s disease, repetitive transcranial magnetic stimulation, meningeal 

lymphatics，glymphatic system 
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Abstract: Objective α-synuclein (α-syn), especially its abnormal oligomeric and phosphorylated 

form, plays a critical role in the pathogenesis of Parkinson's disease (PD). Plasma exosomal α-syn 

species have been shown to be a promising PD biomarker. However, whether different α-syn 

species in plasma exosomes (the oligomeric α-syn and the Ser129 phosphorylated α-syn (p-α-syn)) 

which represent the PD pathogenesis in the brain could be specific peripheral PD biomarker haven’t 

been well elucidated. Methods In this study, we successfully extracted the human plasma exosomes 

by the exosome precipitation method and differential centrifugation method, and identif ied them 

by TEM, NTA assays, and the CNS-derived exosomes were also detected by western bolt. The 

different aggregation status, localization and degradation characteristics of α -syn and p-α-syn in 

the plasma exosomes between PD patients and healthy controls were further analyzed by protease 

K treatment assays. The Receiver operating characteristic (ROC) curves for analytes were also 

generated to evaluate the sensitivities and specificities in distinguishing PD from healthy control 

subjects. Results (1) The results suggested that α-syn and p-α-syn in the plasma exosomes of PD 

patients showed poor solubility after protease K treatment. (2) Aggregated α-syn and p-α-syn 

existed both inside and on the membrane surface of plasma exosomes. (3) The ROC performance 

of α-syn oligomer/total α-syn in exosomes was moderately helpful in PD diagnosis (AUC = 0.71, 

sensitivity = 60.5%, specificity = 59.4%), and the ratio of p-α-syn oligomer/total p-α-syn showed 

similar result (AUC = 0.69, sensitivity = 60.0%, specificity = 59.5%). Conclusion This study 

indicates that the oligomeric α-syn/total α-syn and oligomeric p-α-syn/total p-α-syn ratio in plasma 

exosomes may be applied to assist the PD diagnosis, which needs further research.  



The 14th Annual Meeting of Chinese Neuroscience Society 

 

  

Key Words: Parkinson’s Disease; α-synuclein; exosome; oligomer; phosphorylation; biomarker 

 

Back to top ↑ 

 

 

P-539 

Genetic heterogeneity contributes to the spatio-temporal pattern 

of brain decline in SCA3 

 

Zhi-Xian Ye1, Shi-Rui Gan1, Yu-Sen Qiu1, Ning Wang1, Ying FU1,* 

 

1Department of Neurology and Institute of Neurology, First Affiliated Hospital, Institute of 

Neuroscience, Fujian Medical University, Fuzhou 350005, China 

 

*Corresponding author 

E-mail: fuying@fjmu.edu.cn 

 

Abstract: Objective Spinocerebellar ataxia type 3 (SCA3) is a hereditary polyglutamine disease, 

driven by an expanded trinucleotide CAG repeat located in exon 10 of ATXN3. This pattern of 

stage brain decline was uncovered in the studies of pathology and imaging of patients with SCA3. 

However, the contribution of genetic heterogeneity to spatio-temporal pattern of brain decline is 

far from sufficiently established. Methods In this prospective cross-observational study, with 

voxel- and ROI-based brain and upper cervical cord analyses, we assessed the MRIs of 73 patients 

with SCA3 (9 pre-symptomatic, 64 symptomatic) and 42 healthy controls. Results Four outcomes 

predominated. First, SCA3 evolved along a 3-stage decline in the brain that began with a pre-

symptomatic stage in the cerebellum, progressed to the spinal cord and basal ganglia in the 

intermediate stage, and manifested as subcortex damage in the final stage. These stages of the 
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disease paralleled its clinical progression. Second, the trajectory was a nonlinear structural decline, 

and the cerebellar atrophy was fastest in the pre-symptomatic stage, whereas atrophic rate of the 

upper spinal and brainstem arose in the intermediate stage. Third, larger repeat allele size hastened 

the atrophic progression; the CAG repeat number was strongly associated with a specific brain 

damage pattern, especially in the basal ganglia region. Fourth, we developed the digitized 

diagnostic models for screening early SCA3 mutation carriers. Conclusion Our data support that 

selective loss of specific neurons occurred in the cerebellum, spinal cord, and basal ganglia, which 

may relate to CAG-dependent injury mechanisms. These results not only enhance understanding of 

the association between clinical and pathological observations in patients with SCA3, but impart 

important information for clinical trials of treatment. 

Keywords: spinocerebellar ataxia type 3; structural MRI; CAG repeat number; brain declines. 
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Abstract: Alzheimer’s disease (AD) is characterized by increased permeability of blood-brain 

barrier（BBB）partly induced by amyloid-β(Aβ). In this study, we revealed the mechanism of 

NOVA2/PART1/PPP2R3A/p-NFκB-p65 axis in Aβ(1-42)-incubated endothelial cells (ECs) 

modulating BBB permeability through STAU1-mediated messenger RNA (mRNA) decay (SMD) 

pathway. NOVA2, PPP2R3A were down-regulated while PART1, p-NFκB-p65 were up-regulated 

in Aβ(1-42)-incubated ECs comparing with normal ECs. Knockdown of either NOVA2 or 

PPP2R3A and overexpression of PART1 increased BBB permeability. Lower BBB permeability in 

overexpression of NOVA2 and PPP2R3A as well as knockdown of PART1 and NFκB-p65 were 

observed. Same tendencies were found in the tight junction-related (TJ) proteins expressions. 

Furthermore, the high expression level of PART1 was derived from the weakened destabilization 

of low expression level of NOVA2 and it is the longer half-life of PART1 that results in it. High-

expressed PART1 contributed to more PPP2R3A mRNA decay through SMD pathway. In addition, 

p-NFκB-p65 as a transcription factor negatively regulated the expression of TJ-associated proteins, 

which was prompted by low protein level of PPP2R3A. Therefore, low expression of NOVA2 

leaded to high level of PART1, and thus the mRNA level of PPP2R3A was reduced by high PART1 

level through SMD pathway. Down-regulated PPP2R3A reduced the dephosphorylation of NFκB-

p65, leading to negatively TJ proteins expression, thereby increasing the BBB permeability. These 

results might provide a novel strategy for therapy of the Alzheimer’s disease. 

Keywords: blood-brain barrier, Alzheimer’s disease, SMD pathway, PART1, PPP2R3A, NOVA2, 

NFκB 
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Abstract: Amyotrophic lateral sclerosis is a neurodegenerative disease, affecting both upper and 

lower motor neurons. SOD1 is the first gene identified to be associated with familial ALS, and it 

has the highest mutation rate in the Asian population. The mutant SOD1 protein in patients' neurons 

usually presents abnormal aggregation. Currently, studies on its pathogenic mechanism involve a 

variety of cellular activities, including endoplasmic reticulum stress, however, the pathogenic 

mechanism remains unclear. In this study, we identified a fast progressing ALS patient contains 

GRP78 mutation. Mice with specific GRP78 knockout in motor neurons developed ALS-like 

phenotypes such as weight loss, paralysis, and premature death, as well as pathological features 

such as motor neuron loss, muscular atrophy, and neuromuscular junction denervation. Our work 

shows that in motor neurons, loss of GRP78 is sufficient to cause motor neuron death and 

degeneration. We hypothesize that haploinsufficiency of GRP78 may accelerate disease 

progression in patients with SOD1-ALS. Our study may explain the pathological mechanisms of 

SOD1-ALS, and provide new therapeutic strategies for ALS patients. 

Keywords: ALS; SOD1; GRP78; Neuron Degeneration 
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Abstract: Objective Progranulin (PGRN) is a secreted glycoprotein expressed mainly by microglia 

and neurons in in the central nervous system (CNS). Mutations in PGRN encoding gene GRN that 

result in haploinsufficiency lead to frontotemporal lobar degeneration and Alzheimer's diseases. 

However, the underlying molecular mechanisms remain largely unknown. To determine whether 

PGRN is involved in a broad spectrum of neurodegenerative conditions including prion disease, we 

aimed to delineate the role of PGRN in prion pathogenesis. Methods We intracerebrally infected 

GRN-/- mice and their GRN+/- and wild type littermates with RML6 prions.  Survival curves 

determined by the time lapse between the prion inoculation and end stage of disease were compared 

between the three genotypes. Vacuolation, lesion pattern, PrPSc deposition, astrogliosis and 

microglial activation in RML6-infected GRN-/- mice and their GRN GRN+/- and wild type 

littermates were characterized by histology and biochemistry. Whole transcriptome of mouse brains 

were analyzed by RNA-sequencing. Results We found that GRN-/-mice showed accelerated prion 

progression in comparison to GRN+/- and wild type littermates. Histology revealed that GRN -/- 

microglia were aberrantly activated, resulting in amoeboid morphology and altered cytokine 

profiles.  Biochemical analysis demonstrated that at 120 days post prion inoculation, GRN -/- 

microglia were more activated and competent to clear prions, resulted in decreased prion deposition. 

Whereas at 150dpi, over-activation of GRN-/- microglia led to excessive complement activation and 

insufficiency of prion clearance, resulting in similar level of PrPSc to that of GRN+/- and wild type 
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littermates. These results suggest that PGRN modulates prion-induced microglial activation and 

protects prion diseases by suppressing excessive activation of complement cascade. Furthermore, 

RNA-seq results suggest that PGRN deficiency in prion-infected mice shifted microglia from a 

homeostatic status to a pro-inflammatory phenotype. Conclusion Microglial activation by prion 

infection is a stepwise process. PGRN is an important negative regulator of prion-induced 

microglial activation. Depletion of PGRN resulted in aberrant microglial activation and accelerated 

prion disease, suggesting that PGRN could be a potential target for prion therapeutics.   

Key words: Prion disease; progranulin; microglia; neuroinflammation; neurodegeneration 
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Abstract: Objective Attention deficit hyperactivity disorder (ADHD) is a common 

neuropsychiatric disorder characterized by inattention, hyperactivity and impulsivity. It is 

commonly believed that the reduction of dopamine and dopaminergic neuron development are key 

causes of ADHD. A series of microRNAs were identified in an ADHD animal model in our previous 

research, among which miR-206 shows the most significant difference. Bioinformatics prediction 
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results show that miR-206 can target to Nurr1, a key factor that specifically regulates the 

development of dopaminergic neurons. Here, we systematically investigated the regulatory roles of 

miR-206 on Nurr1 and its functions on dopamine signaling pathway and ADHD phenotypes. 

Methods: (1) The dual luciferase assay was used to detect the interaction between miR-206 and 

Nurr1, and whether miR-206 is regulated by circadian system or not. (2) The miR-206 levels were 

modified through injection the adeno-associated viruses (AAV) containing different constructs into 

the lateral ventricles of the mice. The ADHD like behaviors were tested by the open field, social 

interaction and Morris water maze experiments. 

Conclusion: (1) miR-206 targets to Nurr1 and is regulated by the circadian system. (2) When miR-

206 is knocked down/overexpressed, the expression of Nurr1 is significantly increased/decreased. 

(3) Knockdown or overexpress miR-206 showed partial ADHD symptoms, indicating that miR-206 

plays critical roles in dopamine mediated behaviors. (4) The expression level of miR-206 in blood 

sample of ADHD patients were significantly increased compared with the healthy controls. 

Keywords: attention deficit hyperactivity disorder (ADHD), dopamine, Nurr1, microRNA 
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Abstract: The hexanucleotide GGGGCC repeat expansions in the intron region of C9orf72 are the 

most common cause of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). 

Both loss of C9ORF72 and gain of toxicity have been arisen to explain how the repeat expansions 

cause neurodegeneration. However, the pathological mechanisms of C9orf72 ALS/FTD patients 

remain unclear. Here, we show that reduced C9ORF72 attenuated DNA double-strand break (DSB) 

repair and exacerbated gain of toxicity from repeat expansions. C9ORF72 protein was rapidly 

recruited to DNA DSB regions and interacted with DNA-PKcs, a crucial kinase for DSB repair. 

Phosphorylation of DNA-PKcs and H2AX was reduced in C9ORF72-deficient cells after DNA 

DSB induction, resulting in impaired DNA repair capacity. Furthermore, we found that loss of 

C9ORF72 accelerated repeat expansion-induced neuronal loss, glial activation, and neuromuscular 

dysfunction in the mouse models. Accumulated DNA DSB was observed in C9ORF72-deficient 

neurons with repeat expansions. The evidences support a pathological mechanism that C9ORF72 

haploinsufficiency, which impairs DNA repair capacity, synergizes with poly-GR-induced DNA 

DSB to cause DNA damage accumulation and neurodegeneration in C9orf72 ALS/FTD patients. 
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Abstract: Objective: To explore the mechanism of Wuzi Yanzong Pill in the prevention and 

treatment of Parkinson's disease by using network pharmacology and molecular docking 

technology. Methods: TCMSP, TCMID and TCM Database @Taiwan were used to obtain the 

chemical constituents of each single drug in Wuzi Yanzong Pill, and the active ingredients were 

screened by the "Rule of Five". Based on the Similarity Ensemble approach, Swiss Target 

Prediction and Hitpick analysis platform, the Target points of Wuzi Yanzong Puan were predicted. 

Parkinson's disease related targets were obtained through OMIM, GeneCards and DisGeNET 

databases, and the intersection was further taken to obtain the target of Wuzi Yanzong Pill for 

Parkinson's disease. Cytoscape 3.7.2 software was used to construct component-target network and 

active ingredient target-disease target interaction network. Use DAVID database to analyze the 

biological process of Wuzi Yanzong Pill and KEGG pathway Autodock Tools and Vina were used 

to dock the main compounds with the core targets respectively. Western blot was used to detect the 

expression of PI3K/Akt signaling pathway related proteins in the brain tissues of PD mice induced 

by MPTP. Results: The results showed that Wuzi Yanzong Pill had 126 active components on PD, 

and the related core targets included ALB, GAPDH, Akt1, TP53, IL6 and TNF, which were 

involved in various biological processes such as inflammatory response, oxidative stress and cell 

apoptosis. Parkinson's disease may be treated by regulating HIF-1, PI3K/Akt signaling pathways, 
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dopaminergic synaptic and insulin resistance pathways. The results of molecular docking showed 

that the binding energy of mullein glycoside, quercetin, schisandrol methyl and other compounds 

in Wuzi Yanzong Pill was low. Western blot results showed that Wuzi Yanzong Pill may play a 

role in the prevention and treatment of PD by activating PI3K/Akt signaling pathway. Conclusion: 

The mechanism of Wuzi Yanzong Pill in the treatment of PD is clarified, which provides a new 

direction for the further study of TCM in the treatment of PD. 

Key words: Wuzi Yanzong Pill; Network pharmacology; Molecular docking; Parkinson's disease; 

PI3K/Akt signaling pathways 
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Abstract: Objective: To observe the effect of Wuzi yanzong pill on IRE1α pathway in mice with 

experimental autoimmune encephalomyelitis. Methods: Female C57BL/6 rats were randomly 

divided into normal group, model group and Wuzi yanzong pill group. From the 3rd day after 

immunization, the rats were treated with drug intervention for 25 days.  Neurological function 

scores were recorded daily. The spinal cord specimens of mice were collected for HE staining and 

LFB staining to observe the neuroprotective effect of Wuzi yanzong pill. The mRNA expressions 

of GRP78, IRE1α and Caspase-3 in spinal cord were detected by fluorescence quantitative PCR. 

Results: Compared with model group, Wuzi yanzong pill could delay the onset time and improve 

the neurological function of mice (P<0.05). Inhibiting inflammatory cell infiltration and 

demyelination of spinal cord (P<0.01); the mRNA expressions of GRP78, IRE1α and Caspase-3 in 

spinal cord were decreased (P<0.05, P<0.01). Conclusion: Wuzi yanzong pill has a certain 

prevention and control effect on EAE mice, which may be related to the down-regulation of GRP78, 

Caspase-3 and IRE1α mRNA expression, and thereby contribute to the reduction of cell damage 

caused by sustained endoplasmic reticulum stress response through IRE1 pathway.  

Keywords: Wuzi Yanzong Pill; Experimental autoimmune encephalomyelitis; Multiple sclerosis; 

Endoplasmic reticulum stress; IRE1 pathway 
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Abstract: Objective Although every glioma patient varies in tumor size, location, histological 

grade and molecular biomarkers, structural abnormalities are commonly conducted at a group-level, 

leading to the miss of individual structural atrophy. In this study, we introduced an individual-level 

structural abnormality detection method for glioma patients and proposed several novel 

abnormality indexes to depict the individual atrophy pattern Methods Forty-five glioma patients in 

frontal lobe and fifty-two age-matched healthy controls participated in the study. All patients 

underwent neurocognitive test and molecular examinations, including 1p/19q co-deletion, isocitrate 

dehydrogenase (IDH) mutation, telomerase reverse transcriptase (TERT) promoter mutation and 

O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation. Individual structural 

abnormality maps for every glioma patient were calculated from the preoperative T1 images, and 

the individual abnormality index were further computed and explored the associations with clinical 

indicators. Results 1. Every glioma patient shows a unique atrophy pattern; 2. Glioma patients also 

share consistent atrophy regions: No matter if the tumor is located in the left hemisphere or right 

hemisphere, the gray matter (GM) atrophies in right temporal lobe are more obvious than the left 

one, mainly including hippocampus, amygdala, parahippocampus and thalamus.  The main white 

matter (WM) atrophy regions are located at bilateral thalamus and pallidum, and the contralateral 

part is more severely atrophied than the ipsilateral part; 3. The atrophy pattern is influenced by 

some molecular biomarkers: WM contralateral atrophy ratio was found with significant differences 

between IDH wild type and mutation type, WM relative atrophy ratio was obviously different 

between 1p/19q wild type and mutation type, and both GM/WM relative atrophy ratio displayed 

between-group differences in TERT wild type and mutation type. Conclusion Our study provides 
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an effective way to access the individual structural abnormalities in glioma patients, and displays 

great potentials in individualized precision medicine for glioma patients.  

Keywords: Frontal glioma; Structural MRI; Individual structural atrophy; Abnormality index; 

Molecular indicators 
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Periaqueductal gray 

 

Abstract: Objective This study employed a chronic dry skin model, combined with 

immunohistochemistry, in situ hybridization, virus injection and other research methods to explore 

the central mechanism of electroacupuncture to play an antipruritic effect .Methods The mice were 

treated with a mixture of acetone-ether on their shaved back of neck, twice a day for 9 consecutive 

days. Then, using c-Fos immunohistochemistry staining method to study chronic itch activate 

neurons in PAG; The parameter of electroacupuncture is 3 mA 、 100 Hz. The sham 

electroacupuncture treatment only shallowly insert into the skin of acupoint without electrical 

current stimulus. Electroacupuncture treatment was from the first day of employing AEW treatment, 

once every other day, a total of 5 times. And acupoints "Quchi" (LI11) and "Hegu" (LI14) were 

chosen.A video recording device was used to record the spontaneous scratching behavior of 

experimental mice, in which acute itch was recorded for 0.5h and chronic itch was recorded for 1 

hour. Results The immunofluorescence staining showed that compared with the control group, the 

number of c-Fos positive neurons in the PAG brain area was significantly increased in the chronic 

models. The scratch behavior results of C57 mice showed that compared with the control group, 

the spontaneous itch behavior of chronic itch mice was significantly increased. After 

electroacupuncture treatment, the spontaneous itch behavior of chronic itch model decreased 

significantly.Conclusion Electroacupuncture alleviating chronic itch through Ventrolateral 

Periaqueductal gray. 

Key Words: Electroacupuncture; Chronic itch 
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Abstract: Senile plaque formed by the deposition of β-amyloid (Aβ) and neurofibrillary tangles 

(NFTs) made up of hyperphosphorylated Tau are two of the main pathological hallmarks of 

Alzheimer’s disease (AD), both of them lead to severe oxidative damage, apoptosis of neuronal 

cells and ultimately abnormalities of the central nervous system. P38MAPK/p53 signaling pathway 

involved in AD’s pathological cascade. Kaempferol 3-rutinoside (KRS) is an active monomer 

mailto:yulu863@sina.com


The 14th Annual Meeting of Chinese Neuroscience Society 

 

extracted from Safflower, which was previously reported to protect neuronal cells against oxidative 

damage and apoptosis in rats with multiple infarct dementia and cerebral ischemia-

reperfusion injury. Here, we further investigated whether KRS promoted the clearance of 

pathogenic proteins in HT-22 cells induced by Aβ(1-42) and P301L Tau, and verified the 

neuroprotective effect of KRS in APP/PS1/Tau mice. The results showed that KRS not only 

inhibited Aβ production and accumulation, but also decreased Aβ-induced neuron death. In addition, 

KRS promoted the clearance of APP and P301LTau. Based on the analysis of network 

pharmacology, it was found that p53 may be the target of KRS in AD, and KRS significantly 

increased the expression of Nrf2, decreased the intracellular ROS levels and inhibited the cell 

apoptosis caused by Aβ (1-42) in HT-22 cells by p38MAPK/p53 Signaling pathway. Next, KRS was 

demonstrated to reduce Aβ aggregation and hyperphosphorylated Tau, inhibited the proliferation 

of microglia and astrocytes, and alleviated cognitive impairment in APP/PS1/Tau mice. Finally, 

Molecular docking proved the binding of KRS with p38MAPK and p53 receptor. All the evidence 

showed that neuroprotective effect of KRS in AD was realized by p38MAPK/p53 signaling 

pathway. Thus, this study strongly highlights the potential of KRS to act as anti-AD drugs.  

Keywords: Alzheimer’s disease; Aβ; Tau; Oxidative damage; Apoptosis; KRS; Network 

pharmacology; Molecular docking 
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Abstract：Parkinson‘s disease is the secondary common degenerative nervous disease, However, 

we do not know enough pathology mechanism and lack good animal model recapitulating the 

pathological process in PD patient. Scientists usually use human mutation form to generate 

transgenic mice, which are thought to mimic the pathological process in human patient better than 

6-OHDA or AAV virus injection in SNc model. Among the SNCA mutation transgenic models, 

A53T is most commonly used. However, PrP promoter driven A53T transgenic mice cannot 

recapitulate the degenerative process in PD patient, nor they exhibit phosphorylated α-synuclein in 

SNc and TH neuron loss, which are core pathological feature of PD. Here we generated a new PD 

mice model, which expresses double mutation form of human α-synuclein, A53T and *. We have 

data that manifest the new model can mimic the PD pathology better than A53T single mutant 

transgenic form. 

Keyword: Parkinson’s disease model; A53T; TH neuron loss 
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Abstract: Objective Parkinson’s disease (PD) is characterized by the loss of dopaminergic neurons 

in substantia nigra and the motor deficit. The accumulation of mutated α-synuclein leads to the 

degeneration of dopaminergic neurons, which is recognized to be one of the main pathological 

hallmarks of PD. Autophagy plays an important role in the cellular degradation of damaged 

mitochondria or mutant proteins in PD. Peristrophe japonica (PJ), a traditional Chinese medicine, 

is reported to exhibit anti-inflammatory, anti-bacterial, and anti-oxidative effects. However, the 

neuroprotective components of PJ and the mechanism remain un-elucidated. The present study 

aimed to identify the novel autophagy enhancers from PJ, and investigated their neuroprotective 

effects in vitro and in vivo. Methods Identification of autophagy inducers was performed by an 
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autophagy activity-guided isolation using the stable GFP-RFP-LC3 U87 cells. The neuroprotective 

effect of the compounds was evaluated by determining the anti-oxidative, anti-apoptosis, inhibition 

of α-synuclein, and the improvement of behavioral performance in H2O2- or 6-OHDA-induced or 

α-synuclein expressed PC-12 and SHSY5Y cells, C. elegans, and Rats. Results Three lignans, 

including justicidin A (JA), justicidin B (JB), and justicidin C (JC) were identified to induce 

autophagy in PC-12 and SHSY5Y cells, which was regulated via Atg7, AMPK/ULK1, 

Raf/MEK/ERK, but mTOR-independent signaling pathways. In addition, JA, JB, and JC 

significantly improved the cell viability and decreased ROS production in both 6-OHDA and H2O2-

induced PC12 cells and SHSY5Y cells. Furthermore, JA, JB, and JC could induce autophagy, 

decrease ROS levels, rescue dopaminergic neurons, inhibit α-synuclein aggregates, and improve 

food sensing deficit in multiple C. elegans models. Moreover, JA was able to improve the motor 

deficit and recovery TH expression in 6-OHDA-induced PD rats. Taken together, the findings in 

this study illuminated that the liganans are the main substance in PJ being responsible for 

autophagic effect and neuroprotective effect in PD models  in vitro and in vivo. Conclusion The 

liganans including JA, JB, and JC are the potent autophagy inducers that are identified in PJ, which 

may be developed into the novel candidates for treating neurodegenerative disease such as PD in 

the future. 

Keywords: Parkinson’s disease; autophagy; Peristrophe japonica; lignans; 6-OHDA 
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Abstract: Objective α-Synuclein (α-Syn) aggregation, one of the main pathological features of 

Parkinson’s Disease (PD), may initiate in the gut and spread simultaneously to the central nervous 

system (CNS). Many factors can contribute to the peripheral-to-central α-syn pathological 

propagation, especially activated immune responses in both the peripheral tissues and brain. 

Therefore, investigating the immune dis-homeostasis induced by α-syn aggregation possess crucial 

importance to understanding the mechanism of α-syn propagation, revealing potential therapeutic 

approaches to prevent the spreading of α-syn pathology from an anti-inflammation point of view. 

Methods Mouse intestinal integrity was assessed based on the fecal sample features and intestinal 

tissue morphology. Immunohistochemistry against microglia, macrophages, CD4+T cells and 

CD8+T cells were performed to investigate the activation of immune cells in both CNS and colon. 

Flow cytometry was applied to determine the T cell landscape, especially proportions of T helper 

cells (Th1, Th2, Th17) in the colon and blood. Results (1) α-Syn aggregation reduced the water 

content of fecal sample, the number of goblet cells, and the expression of tight junction protein in 

the colon of PD mice, suggesting compromised intestinal integrity; (2) Macrophages in the colon 

of PD mice were activated and migrated to the muscle layer, suggesting activation of intestinal 

native immune responses; (3) Proportion of CD4+ T cells and CD8+ T cells increased in the colon 

of aged PD mice, suggesting further activation of native and adaptive immune responses;  (4) Th1 

cells secreting IFN-γ (which activates macrophages and microglia) increased in the peripheral 

blood of aged PD mice, suggesting systematic pro-inflammatory reactions; (5) Microglia were 

activated in the substantia nigra and striatum of PD mice, with increased MHC II expression, 

indicating neuroinflammation. Conclusion α-Syn aggregation causes inflammatory responses and 

damaged intestinal barrier in the colon of PD mouse models, which may simultaneously trigger 

systematic pro-inflammatory responses and induce CNS inflammation. There may exist an 

“inflammatory pathway” for the spreading of immune responses from the gut to the brain, 

contributing to α-syn propagation.  
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Abstract: Objective Attention deficit hyperactivity disorder (ADHD) is a common and 

multifactorial neurodevelopmental disorder. It was widely believed that impaired dopamine 

signaling pathway or dopamine level were the main pathogenesis. Carbon dots have attracted 

considerable attention owing to their applications in various fields such as biotechnology and 

biomedicine. Here, we demonstrate the discovery of a bio-safe carbon dots (VCDs) and its functions 

on zebrafish behaviors. Methods carbon dots was obtained by an electrochemical etching method. 

Locomotor activity assay and mirror attack assay were used to estimate the effects of carbon dots 

on zebrafish behaviors. Results (1) the circadian period was prolonged for nearly 0.6 hours after 

VCD treatments. (2) Application of VCDs can strongly rescue the hyperactive and impulsive 

behavior of the zebrafish ADHD model. (3) The dopamine level was specifically and significantly 

increased which may be caused by the stimulations of dopaminergic neuron development after 

treated with VCDs. Meanwhile, the serotonin level was not altered. Conclusion Our results provide 

the dynamic interactions of carbon dots with dopamine system, which illustrates a potential 

application of carbon dots for the treatment of attention deficient and hyperactive disorder.  
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Abstract: Objective: Postoperative cognitive dysfunction (POCD) is defined as a new type of 

cognitive impairment that appears after surgery. POCD may affect patients of any age, but i t is 

more common in the elderly. With the aging of the world population and the latest advances in 

medicine, the number of elderly patients will continue to rise due to a large number of trauma and 

tumor-related surgeries, so POCD will gradually turn into an increasingly serious social and public 

health problem. 

Methods: Studies have shown neuroinflammation in the central nervous system of cognitively 

impaired patients, such as Alzheimer's disease (AD), Parkinson's disease (PD), and epileptic 

dementia. Recent advances have shown that neuroinflammation is also present in the brains of 

people with POCD. However, how inflammatory signals or mediators affect the brain across the 

blood-brain barrier (BBB) and ultimately lead to cognitive changes is still largely unknown. 

Results: Recent studies have highlighted the central role of neuroinflammation in the occurrence, 

maintenance, and regression of POCD. Central or peripheral inflammation may lead to increased 

BBB permeability, which in turn contributes to the occurrence and deterioration of 

neuroinflammation and POCD. The mechanism of neuroinflammation may be peripheral or central 

stimulation acting on central microglia cells across the blood-brain barrier. The stimulated 
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microglia changed from an inactive state (M1) to an active state (M2). Activated microglia can 

release inflammatory cytokines (IL-1β, IL-6, TNF-α, etc.) to migrate to the lesions to play an anti-

inflammatory role, such as removing pathogens, removing lesions, repairing injuries, etc. If the 

inflammatory process is too intense or lasts too long, it may damage the vascular endothelial cells, 

the feet of astrocytes and the tight connections between them, leading to increased BBB 

permeability. Aggressive inflammatory responses and collapse of the blood-brain barrier may lead 

to neurological damage in the hippocampus and/or prefrontal cortex, ultimately leading to cognitive 

decline. Surgery is an irritant that can lead to neuroinflammation, blood-brain barrier disruption, 

and ultimately POCD. The prevention and treatment of POCD includes drug therapy such as 

dexmedetomidine, minocycline and NASIAD as well as non-drug therapy such as physical exercise 

and cognitive exercise. Changes in intestinal flora may also be involved in the pathophysiological 

process of POCD, and bacterial community transplantation is also a potential treatment for POCD. 

With the development of neuroscience, optogenetics and transcranial magnetic stimulation may 

provide new ideas for the treatment of POCD. 

Conclusion: POCD has attracted more and more attention as it continues to affect more and more 

patients. The prevention and treatment of POCD may lie in perioperative comprehensive treatment. 

Adjusting the cholinergic anti-inflammatory pathway can inhibit neuroinflammation and improve 

cognitive function. Drug therapy requires drugs that can cross the blood-brain barrier in order to 

work at the site of the disease. Since a functioning BBB is difficult to cross, it is possible to do so 

along with nanoparticle loaded drugs. 

Keywords: Postoperative Cognitive Dysfunction; Neuroinflammation; Blood-Brain Barrier 
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Abstract: Migraine is a primary headache disorder characterized by recurrent unilateral headaches, 

severely affecting people’s life quality. Excitatory and inhibitory (E/I) synaptic transmission 

imbalance has been found to be one of the key factors in migraine progress. CACNA1A encodes 

the pore-forming α subunit of CaV2.1 (P/Q-type) voltage-gated calcium channel. Several gain-of-

function mutation of CACNA1A had been found to cause familial hemiplegic migraine type 1 

(FHM1) through disruption of the E/I balance. However, approved medicines for migraine a lmost 

all focus on attenuating the symptoms but not prevent the onset of the disease, so it’s necessary to 

conduct drug screen for migraine therapy. Caenorhabditis elegans (C. elegans) is a canonical model 

organism that has long been used as a human disease-related animal model. unc-2 is the homologue 

of human CACNA1A, encoding the worm CaV2α in C. elegans. Interestingly, a previous study has 

reported that unc-2 gain-of-function mutation unc-2 G1132R specifically strengthens the 

cholinergic excitatory signal transmission while impairs the GABAergic inhibitory transmission, 

leading to similar E/I imbalance found in migraine mechanism. Since the unc-2 G1132R worms 

become apparently hyperactive in reversal movement, making it an ideal migraine-like in vivo 

model for drug screen which is not feasible in mouse and cell model considering the workload of 

screening and neuronal complexity.  
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Abstract: Background: Oxidative stress is a prominent feature of inflammatory degeneration of 

central nervous system. It forms a spiral vicious circle with chronic neuroinflammation and causes 

serious neural injury. So the therapeutic approaches aimed at restoring oxygen metabolic balance 

may be useful. Procyanidin B2 (PC-B2), is the most common procyanidins, can reduce the risk of 

cardiovascular diseases, T2DM and cancers. The anti-inflammatory and anti-oxidative properties 

might contribute to the health benefits of PC-B2. We thus hypothesized that PC-B2 could be highly 

effective in suppressing experimental autoimmune encephalomyelitis (EAE) 

development. Methods: C57BL/6 mice were immunized with MOG35-55 and divided into EAE 

group and EAE+PC-B2 group. PC-B2 was injected subcutaneously 12 days after EAE induction at 

a dose of 1 mg / mouse/day for 9 consecutive days. Splenocytes, lymph node cells and purity T 

cells stimulated by anti-CD3CD28  were treated with PC-B2 9 days after immunization in EAE 

mice. Results: In the present study, we define mechanisms by which adaptation to PC-B2 

functionally ameliorates the clinical symptoms of EAE. Also, decreased numbers of cluster of 

differentiation of Th17 cells were found in the PC-B2 treatment group in vivo and in vitro, which 
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mechanism is related to the reduction of hydrogen peroxide and interferon regulator factor 4 (IRF4) 

expression. Conclusion: PC-B2 treatment effectively prevents immunological and histological 

damage caused by EAE due to the effect of inhibiting IRF4. It was thought that the beneficial 

effects of PC-B2 are likely a result of its strong antioxidant properties. Further understanding of 

these mechanisms system may pinpoint possible new therapeutic targets to treat neurodegenerative 

disease. (This work was supported by NNSF of China 81903596, Science and technology 

innovation project of Shanxi Colleges No. 2019L0721, 2019L0728. Cultivation Project of shanxi 

universtity of chinese medicine No.2019PY130, No. 2020PY-JC-14.) 
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Abstract: Genome-wide association studies have revealed that rs4409785 is a susceptibility locus 

of multiple sclerosis (MS), and the C allele is associated with the disease risk. To confirm the 

disease phenotype when people carry the risk C allele, we analyzed the cytokine expression profile 
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in naïve CD4+ T cells isolated from human PBMCs using IsoCode chip, and found that the effector, 

regulator and stimulatory cytokines were all increased in CC/CT vs TT genotype. We further 

performed cis-eQTL analysis and found that SESN3 mRNA level was significantly decreased in 

naïve CD4+ T cells with C allele (p = 1.58E-16). In light of the potential role of sestrin 3 (encoded 

by SESN3 gene) in the pathogenesis of MS, we isolated mouse spleen naïve CD4+ T cells for T-cell 

subset differentiation, and found that both the gene and protein levels of sestrin 3 were significantly 

increased in T helper 17 (Th17) cells, compared to naïve, Th0, Th1 or Th2 cells. The increased 

gene expression of Sesn3 is a specific outcome in Th17 cells, not an effect induced by individual 

cytokine (IL-6 or TGFβ ) or blocking antibody (anti-IFNγ ) which are required for Th17 

differentiation. Both pathogenic and non-pathogenic Th17 cells had a higher gene expression level 

of Sesn3. Finally, the in-vitro Th17 differentiation was impaired in Sesn3 cKO mice vs WT controls. 
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Abstract: Objective Fragile X-associated tremor/ataxia syndrome (FXTAS) is a rare neurogenetic 

disease caused by the amplification of CGG trinucleotide repeats (55-200) in the 5'UTR of the 

FMR1 gene. At present, the pathogenic mechanism has not been clarified. To investigate whether 

5hmC-mediated hydroxymethylation is involved in the pathogenesis of FXTAS will contribute to 

clarify the disease mechanism. Methods Dot blot was performed to quantify the overall 5hmC level 

of two FXTAS mice and WT mice. Genome-wide 5hmC profiles were identified by hydroxylmethyl 

selective chemical labeling (hMe-Seal) and high-throughput sequencing technology. RNA-seq 

technology was used to sequence the transcripts. Weighted correlation network analysis (WGCNA) 

was used for joint analysis of hydroxymethylation and transcriptome data. We further explored the 

correlation between the interest genes and phenotype. RNA interference (RNAi) technique was 

used to inhibit the expression of the candidate genes in FXTAS Drosophila model. Results The 

total 5hmC levels in the cerebellum of two FXTAS mouse models were significantly lower than 

WT group (p<0.05). Genome-wide 5hmC profiles were obtained. The differentially 

hydroxymethylated genes were enriched in biological processes such as nervous system 

differentiation, growth, and development. In addition, motif analysis revealed the similar regulated 

patterns of transcription factors. WGCNA found 76 differentially expressed genes that may be 

regulated by DNA hydroxymethylation. After inhibiting the expression level of 5 candidate 

genes(FREM3, CAMK1D, ARMC4, CR2, and KCNC3), the eye phenotype of FXTAS Drosophila 

were all aggravated. Conclusions The RNA only model may serve as a premorbid state. The 

FMRpolyG model can partially simulate the typical phenotypes of FXTAS patients. The decrease 

of 5hmC level could be an epigenetic feature of FXTAS. 5hmC modification may be involved in 

the pathogenesis of FXTAS by regulating the binding of 5hmC genomic region with transcription 

factors, and thereby regulating biological processes such as neuronal death and aging. Furthermore, 

Five candidate genes (FREM3, CAMK1D, ARMC4, CR2 and KCNC3) are related to the 

pathogenesis of FXTAS.  
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Abstract  

Objective: To observe the effects of different concentrations of Aβ25-35 and medicated serum of 

Liuwei Dihuang Pill (MSLDP) on rat adrenal pheochromocytoma cells(PC12) and the expression 

of FoxO3a and p-FoxO3a proteins, and to study the protective effect of MSLDP pretreatment on 

Aβ25-35 injury AD cell model.  

Method: Prepare Aβ25-35 mother liquor and prepare medicated serum of Liuwei Dihuang Pill, 

culture PC12 cells with different concentrations of Aβ25-35 (10μmol/L, 20μmol/L, 40μmol/L) and 

MSLDP (2.5%, 5%, 10%, 20%, 30%) medium, MTT method to detect cell viability and observe 

changes in cell morphology, Western Blot to detect changes in the expression of FoxO3a and p-

FoxO3a proteins in the cells.Take the appropriate concentration of MSLDP to pretreat the AD cell 

model induced by Aβ25-35, and observe the changes in cell morphology, viability and FoxO3a and 

p-FoxO3a expression.  

Results: 1. Aβ25-35 reduced the survival rate of PC12 significantly (P<0.01), and causedchanges 

in cell morpholog. The expression of p-FoxO3a in PC12 cells decreased, but the expression of 

FoxO3a increased. 2. MSLDP improved the survival rate of PC12 cells significantly(P<0.01), and 

promoted the cells to increase their differentiation tendency, the expression of FoxO3a in the cells 

decreased, and the expression of p-FoxO3a increased with the increase of concentration. 3. MSLDP 
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pretreatment can significantly reduce the damage of Aβ25-35 to PC12 cells. Compared with the 

model group, the protein expression of FoxO3a in the MSLDP intervention group decreased 

(P<0.01), and the protein expression of p-FoxO3a increased significantly (P<0.05)  

Conclusion: MSLDP can increase the activity of Aβ25-35-induced AD cell models and have a 

protective effect on PC12 cells. The mechanism may be related to the increase of phosphorylated 

FoxO3a protein expression. 

Keywords: Alzheimer's Disease; Aβ25-35; PC12 cells; MSLDP; Foxo3a; p-FoxO3a 

 

Back to top ↑ 

 

P-560 

STN-ANT plasticity is crucial for the motor control in 

Parkinson's disease model 

 

Hui ZHANG1,3, Chun-Kui ZHANG1,3, Zhong-Wei QU1,3, Bing LI1, Yu-Juan SU1, Xia LI1, Xiao-Juan 

ZHOU1,Wen XIE1,Lu-Xiu ZANG1,and Yi-Zheng WANG1,2 * 

 

1 Center of Cognition and Brain Science, Institute of Military Cognition and Brain Sciences, Beijing 

100039, China 

2 National Clinical Research Center for Aging and Medicine, Huashan Hospital, Fudan University, 12 

Middle Wulumuqi Road, Shanghai 200040, China 

3 These authors contributed equally. 

 

*Corresponding author 

E-mail: yzwang@ion.ac.cn. 

 



September 16-19, 2021 Chongqing 

Abstract: Objective The basal ganglia-thalamic circuit is important for motor control and the 

aberrant activity in this circuit leads to movement disorders, such as Parkinson’s disease (PD). How 

this activity change in the circuit results in a long-term motor abnormality remains largely unknown. 

Methods Multiple virus tracing methods were used to map the downstream nuclei that may 

participate PD movement disorder. Further, in vivo recording, in vitro whole cell recording 

combined with optogenetic method and pharmacology technique were used to verify the underlying 

neural mechanism. Results We dissected subthalamic nucleus (STN) to anterior thalamic nucleus 

(ANT), a newly identified circuit and synaptic plasticity in this pathway plays a crucial role in 

motor control in PD model rodents. We observed aberrant high-beta oscillation and enhanced firing 

rate in ipsilateral ANT in PD model. Blocking the excitatory input from STN to ANT eliminated 

the increased activity of ANT and corrected the motor abnormalities in PD model mice. Moreover, 

the enhancement in STN-ANT synaptic strength was induced by PKA-dependent phosphorylation 

of GluR1-S845 in ANT neurons. Blocking the phosphorylation greatly corrected the motor deficits 

of PD model mice. Conclusions Altogether, the study reveals that the synaptic plasticity in a newly 

identified basal ganglia-thalamic circuit, i.e. STN-ANT circuit, plays an essential role in motor 

control of PD model rodents. 

Keywords: Motor control; neural circuit; anterior thalamic nucleus; synaptic plasticity; 

Parkinson’s disease  
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Abstract: Objective Alzheimer’s disease (AD) is a chronic neurodegenerative disease and the most 

common form of age-related dementia, which has become a global health and social problem with 

the ageing of the world’s population. Accumulating evidence has suggested  that the content of 

adiponectin (ADPN) in cerebrospinal fluid of AD patients is significantly decreased, suggesting 

that the low level of ADPN in brain may be related to the pathogenesis of AD. However, the 

underlining mechanism of ADPN involved in the pathogenesis of AD remains unclear. Methods 

The 5-month-old APP/PS1 mice were intraperitoneally injected with chlorogenic acid (CGA) for 8 

weeks. Morris water maze and nesting test were used to assess the spatial learning and memory 

ability of mice; The distribution of Aβ in the brain was analyzed by immunofluorescence and 

thioflavine S staining; Western blot was performed to detect the protein expression levels. The 

expression of ADPN in adipose tissue was observed under a confocal laser scanning microscope. 

Results (1) ADPN may regulate the expression of amyloid precursor protein (APP) cleavage 

enzymes through the AMPK/SIRT1 signaling pathway, and participate in Aβ generation. (2) 

Chronic treatment with CGA significantly enhanced the levels of ADPN in white adipose tissue, 

brown adipose tissue and serum, inhibited amyloidogenic pathway and alleviated cognitive deficits 

in APP/PS1 transgenic mice. Conclusion CGA treatment significantly reduced Aβ deposition 

through increasing adipocytes ADPN expression, then improved the cognitive decline of APP/PS1 

mice. Therefore, CGA may be expected to be a candidate compound for prevention and treatment 

of AD. 
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摘要 

目的：糖尿病是一种以高血糖为特征的代谢性疾病，心、脑血管疾病的独立危险因素之一。

为深入理解糖尿病脑血管病变，本文对糖尿病转基因模型脑区血管特征进行探究。 

方法：本实验应用番茄凝集素 Dylight 对啮齿类动物的血管染色作用并结合国内先进的荧光

显微光学切片成像技术及 Imaris软件对 4月龄，7月龄 KKAy糖尿病模型动物以及同月龄 C57

鼠 的 脑 血 管 超 微 结 构 观 察 以 及 脑 区 血 管 进 行 定 量 分 析 ， 比 较 。 

结果：脑区血管体积/脑区体积的结果显示 4 月龄 KKAy组各脑区血管体积比与同月龄 C57 组

相比无显著变化，但存在减少的趋势。7 月龄时，KKAy 组皮层，海马血管体积比与同月龄

C57 组相比较明显减少（P < 0.01）（以左侧为代表）。其中 KKAy 转基因鼠脑皮层体积减

小，顶部大脑皮层厚度变薄。皮层组织间隙内存在渗漏，血管排列较为规则。KKAy 组脑顶

部皮层 LPtA 区以及 MPtA 区血管体积与同月龄 C57 鼠相比分别减少了 39.1 %，49.0 %。除

此之外，LPtA 区血管长度与同月龄 C57 鼠相比缩短了 29.8 %，MPtA 区碎片（体积小于 10 

μm3）数量增加了 180.4 %。KKAy 转基因鼠脑海马区血管排列错乱，血管较为稀疏，主要表

现在DG区，CA1区。7月龄KKAy转基因鼠海马DG区，CA1血管体积分别减少了 43.80%，

43.36%。KKAy 组海马 CA3 区组织间隙内存在明显渗漏，碎片（体积小于 10 μm3）与同月

龄 C57 鼠相比增加了 195.6 %。与此同时，海马 CA3 区血管平均直径比同月龄 C57 鼠相比缩

小了 21.1 %。 
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结论：随着糖尿病病程发展，大脑皮层，海马微血管体积出现明显减少，组织间隙渗漏增加。

但脑区血管特征变化具有一定的位置特异性。大脑皮层主要以顶部皮层变化为主，血管长度

减少较为明显。而海马血管变化主要集中于 CA3 区，血管直径变小。 
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Abstract: Objective Motor learning is a process of improving speed, accuracy and coordination of 

movement through repeated practice, and is crucial to the survival of animals. Motor learning 

disability is an important symptom of Parkinson’s disease, whereas lack of investigation. Striatal 

neurons are involved in motor learning, while the participation of dopamine receptor 1 (D1) and 

dopamine receptor 2 (D2) neurons is controversial. Striatal neurons can also be divided into three-

dimensional labyrinth striosome and the surrounding matrix. While striosome is indicated in 

learning and reward, matrix is more involved in motor control. In this study, we aim to investigate 

the regulatory role of striosome in the process of motor learning. Methods We used rotarod as the 

classic motor learning paradigm. NP67-cre and OG1-cre transgenic mice were used to mark 
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striosome and matrix respectively. Striosomal neurons were selectively depleted to determine their 

effects towards motor learning and the dynamic activity of striosomal neurons were characterized 

with in vivo fiber photometry. The sufficiency of striosomal neurons to drive motor learning in 

Parkinsonian mice was verified with optogenetic activation. Results Cell apoptosis in the striosome 

flattened the learning curve on the rotarod while the locomotion activity and grip strength of mice 

retained. Depletion of matrix neurons did not diminish the steepness of the learning curve. 

Striosomal neurons labeled by calcium indicator GCaMP6s were weakly engaged during initial 

trails of rotarod learning but increased their engagement in the early and late stages. The calcium 

fluorescence in matrix neurons peaks in initial trails and rapidly decreased in later stages. 

Conclusion The striosomal neurons selectively encode motor learning process and mediate motor 

learning deficient in Parkinson’s disease. 

Keywords: striatum; striosome; matrix; motor learning; Parkinson's disease 
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Abstract: Parkinson’s disease (PD) is a progressive neurodegenerative disease with early 

prominent losses of dopaminergic neurons in the substantia nigra pars compacta (SNc) and the 

inner plexiform layer of retina. Although the patient with PD showed lack of dopamine cause motor 

symptoms, the retinal pathology associated with visual dysfunction is not well understand. In this 

study, we used an ophthalmologic measure to reveal the mechanism of visual impairments, α-

synuclein distributing character and relation with clinicopathological features in TgM83 mice. A 

key result of retinal circuit defect is the result of visual disorder in PD mice. This retinal circuit 

defect involves upstream and downstream synapse decrease to the rod-bipolar cells in rod pathway. 

Overexpression of α-synuclein caused histological and ultrastructural changes of rod-bipolar cells 

in retina, such as, mitochondrial degeneration, loss of synapse in outer plexiform layer and inner 

plexiform layer. Additionally, the most significant neuropathological change is a preferential loss 

of dopaminergic neurons and reduction of synaptic connections in the inner plexiform layer. These 

retinopathies could result in contrast sensitivity lost and middle range of spatial frequencies 

impaired in Parkinson’s mice. 
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Abstract: Objective Postoperative cognitive dysfunction (POCD) is connected with increased 

morbidity and mortality and has become a major concern for perioperative patient, which is 

associated with neuroinflammation. Recent studies have shown that knockdown or reduction of 

PHD3(Phosphate hydroxylase 3) can enhance cell metabolism and inhibit cell apoptosis in heart 

and muscle , but the protective role of PHD3 in central inflammation is unknown .The present study 

is to explore whether PHD3 plays a key role in neuron inflammation. Methods The expression of 

pro-inflammatory factors(TNF-α, IL-1β,IL-6) was in CNS identified by RT-Qpcr and Western 

blotting; the inhibitor f PHD3(DMOG) was administration in vivo and vitro, the siRNA of PHD3 

was made in BV2 cells; the behavioral tests(Morris water maze, Open field test, Novel object 

recognition test) wa used to evaluate the cognition and learning of mice. Results Administration of 

LPS increased the expression of proinflammatory cytokines and leading to increased PHD3 protein 

expression in BV2 and hippocampus of mice. Inactivation of PHD3 alleviated LPS-induced 

inflammation and improved metabolic reprogramming in BV-2 cells. Finally, Inhibition of PHD3 

improves learning and memory impairments in mice after injection of LPS. Conclusion Inhibition 

or deletion of PHD3 reduces LPS-induced neuroinflammation in vitro and in vivo 

Key words:  Phosphate hydroxylase 3(PHD3); LPS; neuroinflammation; metabolic reprogramming 

 

Back to top ↑ 

 

mailto:snapzhang@aliyun.com


The 14th Annual Meeting of Chinese Neuroscience Society 

 

P-566 

The role of PV neurons of GPe in PD 

 

Chang Liu1,Jun Jia2,*,Xiaomin Wang1 

 

1 Department of Neurobiology, Capital Medical University, Beijing 100069, China 

2 Department of Physiology, Capital Medical University, Beijing 100069, China 

 

*Corresponding author 

E-mail: xmwang@ccmu.edu.cn  

 

Abstract: Objective Parkinson's Disease (PD) is a degenerative disease of the central nervous 

system that occurs most frequently in the elderly. The dysfunction of basal ganglia is an important 

pathophysiological factor. The external segment of the globus pallidus (GPe), as an important 

inhibitory nucleus of the basal ganglia, has projections to multiple nuclei in the basal ganglia. Its 

unique cell types has been the focus of recent research. PV-positive neurons are the most numerous 

of them, and their activation can continuously improve the motor dysfunction in PD mice. But the 

causal relationship between GPe-PV neuron classes and movement remains to be established. 

Substantia nigra pars reticulata (SNr) is one of the main downstream projections, and we focused 

on the Regulatory role of GPe-PV-SNr pathway on parkinsonian behavior. Methods We used fiber 

photometry to demonstrate the relationship between the GPe-PV neurons and the motion state and 

their changes in PD mice. By using optogenetic approaches in mice, GPe-PV-SNr was then 

activated to observe the effect on locomotion. The synaptic alterations of GPe-PV-SNr in PD mice 

were recorded by patch clamp technique in vitro. Results (1) Activation of GPe-PV neurons in 

normal mouse can increase the motor speed in the open field. (2) The motor velocity of mice that 

were bilaterally injected with 6-OHDA in MFB was significantly decreased, and activation of PV-

positive neurons in the GPe of those PD mice could increase their motor velocity in the open field. 

Conclusion Activation of GPe-PV neurons can increase the movement of PD mice. 

Keywords: Parkinson’s disease，parvalbumin positive neuron，the external segment of the 

globus pallidus 
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Abstract：Objective Glutamate transporter-1 (GLT-1) removes most glutamate in the synaptic 

cleft. Sulbactam confers neuronal protection against ischemic insults in the hippocampal CA1 

region accompanied by up-regulation of GLT-1 expression in rats. The present study further 

investigates the effect of sulbactam on glutamate concentration and the uptake and binding 

properties of GLT-1 for glutamate in the hippocampal CA1 region of rats with global brain ischemia. 

Methods The extracellular glutamate concentration was dynamically detected using methods of 

microdialysis and high- performance liquid chromatography- mass spectrometry. The uptake 

capacity and binding properties of GLT-1 were determined using a radioligand binding assay with 

L-3H-glutamate. Neuropathological evaluation was performed based on thionin staining. Results It 

was shown that sulbactam pre-treatment inhibited the elevation in extracellular glutamate 

concentration, increased the GLT-1 uptake capacity, and improved the glutamate-binding 

properties of GLT-1, including increased Bmax and decreased Kd values in rats with global cerebral 

mailto:liwbsjz@163.com
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ischemia. These effects of sulbactam were accompanied by its neuronal protection on the 

hippocampal CA1 neurons against ischemic insult. Furthermore, administration of GLT-1 antisense 

oligodeoxynucleotides, which inhibited the expression of GLT-1, blocked the aforementioned 

sulbactam-related effects. Conclusion It could be concluded that sulbactam improves the binding 

properties and uptake capacity of GLT-1 for glutamate and then reduces the glutamate 

concentration and excitotoxicity during global cerebral ischemia, which contributes to the 

neuroprotection induced by sulbactam against brain ischemia. These findings provide an option for 

clinical study on preventing predictable ischemic injury using sulbactam. 

Key words: Sulbactam, glutamate transporter-1, glutamate concentration, binding property, uptake 

capacity, rats.  
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Abstract: Objective Autophagy is vital for neuronal homeostasis and functions. Our previous 

study suggest that upregulation of autophagy occurred following ischemic stroke. Whether 

autophagy is involved in the damage and restoration of synaptic structures after cerebral ischemia 

remains unclear. In the current study, we used intravital two-photon imaging combined with 

transmission electron microscopy to investigate whether enhancing autophagy affect the restoration 

and plasticity of synaptic structures after ischemic stroke. Methods A reversible cerebral ischemia 

model was established with bilateral common carotid artery ligation in GFP-Thy1 transgenic mice. 

Rapamycin, a specific activator of autophagy, was injected intraperitoneally immediately after 

reperfusion. The expression of autophagy-related proteins was evaluated by western blotting. 

Intravital two-photon imaging and transmission electron microscopy were used to image the 

structural changes of dendritic spines and ultrastructure of the synapses. Results (1) The results 

indicated that rapamycin treatment significantly upregulated autophagy compared to vehicle group. 

(2) In vivo two-photon imaging revealed that autophagy promoted the restoration of dendritic 

structure and suppresses the loss of dendritic spines. (3) Transmission electron microscopy showed 

that autophagy ameliorated the damage of synaptic structures. Conclusion These results suggest 

that enhancing autophagy promoted the recovery of synaptic structures after cerebral ischemia, 

indicating that autophagy can be used as a potential therapeutic target for the treatment of ischemic 

stroke.  

Keywords: Autophagy; Stroke; Synaptic structures; Dendritic spine; Two-photon imaging 
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Abstract: Objective NECG, the effective components group of Naodesheng, has been 

demonstrated to exhibit protective effects after ischemic stroke. This study aimed to investigate 

whether NECG can improve neurological recovery and restore neurovascular function in rats even 

when the first administration time was prolonged to 24 hours after cerebral ischemia reperfusion. 

Methods Male wistar rats were subjected to transient middle cerebral artery occlusion and 

reperfusion (MCAO/R) and were randomly divided into six groups: sham operation group, model 

group, NECG (7, 20 and 70 mg/kg) groups and NDS tablet group (1.075 g/kg). The vehicle used in 

the sham and MCAO group is 0.5% sodium carboxymethyl cellulose (CMC-Na). Rats were 

administrated with the assigned substances orally starting 24 hours after MCAO/R surgery once a 

day for 14 days. TTC staining, neurological functional tests and immunostaining assays were 

performed to evaluate the recovery of neurological function. Results NECG treatment of stroke 

significantly attenuated the volume of brain damage and neurological deficit, and promoted 

neuronal regeneration by promoting the formation of dendrites and myelin sheaths, and decreasing 

axon damage while increased vascular remodeling in the ischemic brain. Conclusion NECG 

treatment in rats following MCAO/R promotes the process of neurovascular restoration during the 

course of long-term recovery. 

Keywords: NECG; neurorestoration; white matter remodeling; vascular remodeling; stroke 
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Abstract: Decreased blood flow to the brain causes stroke and damage to neuronal networks. 

Neuronal damage occurs not only in the infarct core but also in areas away from the infarcts. This 

study was aimed to assess alterations of the cortical projection neurons that were distantly 

connected with the infarcts. Unilateral cortical ischemia was generated by middle cerebral artery 

occlusion in the right somatosensory cortex. Ischemic mice showed motor deficits with a shorter 

stride length and increased foot slips in the left hindlimb. Pre-labeled thalamocortical neurons 

disappeared, whereas corticocortical afferent neurons survived 48 h post-ischemia. The unilateral 

ischemia increased the length and number of dendritic segments, and the volume of dendritic spines, 

for the layer V callosal neurons in the homotopic cortex of the contralateral hemisphere. The 

morphology remolding of the contralateral cortical neurons cannot be reproduced by the spinal cord 

hemisection that cuts axons of corticospinal projection neurons of layer V. The data suggest that 

the retrograde degeneration of axons may not account for the early morphological changes in the 

contralateral cortex. We hypothesize that the loss of innervations from the ischemic cortex may 

bring in adaptive changes to the connected neurons, and adult cortical neurons can adjust their 

morphology to meet the reduction of synaptic inputs. This study may improve our understanding 

of the re-organization of cortical circuits following focal cerebral ischemia and help  the 

development of new treatments designed to minimize the disability associated with stroke.  
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Key Words: Permanent middle cerebral artery occlusion; Cerebral ischemia; Cerebral cortex; 

Layer V; Dendrite; Dendritic spine. 
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Abstract: Objective Ischemic stroke remains a major cause of death, and anti-inflammatory 

strategies hold great promise for preventing major brain injury during reperfusion.  A number of 

studies have demonstrated that stem cell-derived extracellular vesicles (EVs), which mirror the 

functions of stem cells, plays a pivotal role in immune regulation. However, intravenous delivery 

of EVs into the ischemic brain remains a challenge due to the poor targeting of unmodified EVs 

and the high cost of mass production, thus hampering the clinical application of stem cell-derived 

EVs. 

Methods EVs were isolated from a human neural progenitor cell line, and their anti-inflammatory 

effects were verified in vitro. To attach targeting ligands onto EVs, we generated a recombinant 

fusion protein containing the arginine-glycine-aspartic acid (RGD)-4C peptide (ACDCRGDCFC) 

fused to the phosphatidylserine (PS)-binding domains of lactadherin (C1C2), which readily self-
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associates onto the EV membrane. Subsequently, the RGD-C1C2-bound EVs (RGD-EV) were 

intravenously injected into a mouse model of middle cerebral artery occlusion (MCAO), and 

fluorescence imaging was performed to assess the expression of pro-inflammatory cytokines and 

microglial activation. Results The neural progenitor cell-derived EVs exhibited inherent anti-

inflammatory activity. The RGD-EV targeted the lesion region of the ischemic brain after 

intravenous administration，and had a strong inhibitory effect on inflammatory response. The 

RGD-EV down-regulated the levels of TNF, IL-1β and IL-6 in the lesion region, and inhibited the 

activation of microglia cells in the peri-infarct area. Furthermore, RNA sequencing revealed that 

seven miRNAs packaged in the EVs inhibited the inflammation-related MAPK pathway. 

Conclusion These results point to a rapid and easy strategy to produce targeting EVs and suggest 

a potential therapeutic agent for ischemic stroke. 

Key words: extracellular vesicles; anti-inflammation; targeted delivery; cerebral ischemia 

 

Back to top ↑ 

 

 

P-572 

A mouse model of microinfarcts induced by the injection of the 

fluorescent microspheres into the common carotid artery 

 

Yi Shen, Yu-Xin Su, Dong-Sheng Xu, Jia Wang, Jing-Jing Cui, Wan-Zhu Bai* 

 

Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences, Beijing, 

100700, China 

 

*Corresponding author 

E-mail: wanzhubaisy@hotmail.com 

 



The 14th Annual Meeting of Chinese Neuroscience Society 

 

Abstract: Objective To figure out the neurovascular unit injury caused by acute ischemic stroke, 

a mouse model of cerebral microinfarcts was established by the injection of fluorescent 

microspheres in diameter of 45-53 µm into the common carotid artery, and histological changes 

were examined 6 hours after modeling. Methods The fluorescent microspheres were directly 

observed from the brain surface and sections with the fluorescence stereomicroscope. By using 

fluorescent histochemistry or immunohistochemistry with phalloidin, CD31, Nissl, caspase 3, glial 

fibrillary acidic protein and ionized calcium binding adapter molecule 1, the alteration of blood 

vessels, neurons, and glial cells associated with microinfarcts were examined.  Results It was found 

that microspheres located in the arterioles, predominately on the cortex, striatum, thalamus, 

hippocampus and other regions in the cerebral hemisphere ipsilateral to the side of injection. In the 

regions of microinfarcts, the lodged microspheres had induced the vascular and neuronal injury as 

well as astroglial and microglial activation. Conclusion The histopathological changes indicate that 

the cellular components associated with blood-brain barrier and neurovascular unit have been 

damaged as early as 6 hours after vascular blocking with microspheres, providing a valid model to 

further look into the mechanisms underlying ischemic stroke.  

Keywords: Fluorescent microsphere; microinfarcts; stroke; common carotid artery; histochemistry; 

neurovascular unit; blood-brain barrier; neuron  
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摘要：目的 借助于基质辅助激光解析/电离-飞行时间质谱成像技术（MALDI-TOF MS），构

建新生儿缺血缺氧性脑病中三羧酸循环相关代谢物的空间质谱影像图谱，阐明新生儿缺血缺

氧性脑病发生的病理生理机制。方法 将出生 7d 的新生大鼠分为假手术组和模型组，采用

Rice-Vannucci 法建立新生大鼠脑缺血缺氧模型，TTC 染色评估模型成功与否；以 1，5-萘二

胺盐酸盐为基质，运用 MALDI-TOF 质谱成像技术构建新生儿缺血缺氧性脑病的空间质谱影

像图谱。结果 与假手术组相比，TTC 染色结果显示新生儿缺血缺氧性脑病模型构建成功，

MALDI-TOF 质谱成像结果表明三羧酸循环相关代谢产物中葡萄糖、草酰琥珀酸和谷氨酰胺

等含量显著升高，ATP、ADP、顺式乌头酸、天冬氨酸及谷氨酸等含量显著降低。结论 应用

MALDI-TOF 质谱成像技术成功构建了新生儿缺血缺氧性脑病的能量代谢空间质谱影像，揭

示了新生儿缺血缺氧性脑病脑损伤后三羧酸循环相关代谢产物的变化，且在皮层区变化最显

著。 

Keywords: 新生儿缺血缺氧性脑病；MALDI-TOF 质谱成像技术；空间质谱影像；三羧酸循

环 
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摘要: 目的: 探讨 GSS 对血管性痴呆（VD）大鼠海马神经元线粒体动力学平衡的调控作用。

方法: 采用改良 2-VO 制作慢性脑缺血大鼠模型，并将大鼠分为 3 组：假手术组、2-VO 模型

组、2-VO 模型+GSS 治疗组。运用透射电镜观察海马 CA1 区线粒体的变化；运用 iTRAQ 技

术筛选大鼠海马组织中差异表达蛋白情况，并运用 Real time-PCR 及 Western blot 方法进一步

验证海马神经元线粒体分裂与融合相关分子的 mRNA 及蛋白表达水平。结果:（1）透射电镜

结果显示，GSS 减轻 2-VO 大鼠海马神经元线粒体双层膜破坏或嵴断裂等伤害；（2）iTRAQ

结果显示，模型组大鼠海马组织中促线粒体分裂过程蛋白 MTFP1明显较假手组升高，经GSS

治疗后明显降低；（3）进一步研究发现，与假手术组相比，模型组大鼠海马神经元线粒体

中 MTFP1以及分裂蛋白 Drp1的 mRNA 及蛋白表达水平明显上升，而融合蛋白 Mfn1和 Opa1

则明显下降，给予 GSS 治疗后均得到有效逆转。结论：GSS 可能通过纠正线粒体动力学失衡

发挥对 2-VO 大鼠海马神经元线粒体的保护作用。 

关键词：染料木素磺酸钠；血管性痴呆；MTFP1；线粒体动力学 
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Abstract: Objective Reperfusion injury exists as the major obstacle to full recovery of neuron 

functions after ischemic stroke onset and clinical thrombolytic therapies. Ischemia-reperfusion 

leads to aggregation of reactive nitrogen and oxygen species (RNOS) and infiltration of 

inflammatory cells, resulting in secondary injury after ischemia. Although some neuroprotective 

drugs and immunosuppressive agents are used to alleviate ischemia-reperfusion injury (IRI), the 

presence of the blood-brain barrier limits their efficacy. Methods Cerebral ischemia-reperfusion 

was induced in mice by transient middle cerebral artery occlusion (tMCAO). Dendrimer or saline 

placebo was administered immediately post reperfusion. The brain-targeted capability, RONS level, 

and therapeutic effects of different formulations were evaluated both in vitro and in vivo. Results 

We designed a RNOS-scavenging dendrimer Generation-4-Phenylborate-Polyethylene glycol (G4-

PB-PEG), which exihbits long circulation in the blood and specifically targets the central nervous 

system in the presence of RONS. G4-PB-PEG accumulate at injury brain site by intravenous 

injection into the tMCAO model mice. Then, due to scavenging RNOS and inflammation by G4-

PB-PEG, tMCAO mice exhibit significant decrease in infarct volume and improved athleticism by 

mNSS test, which demonstrating alleviation of cerebral IRI. Conclusion The neuronprotective 
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effect of RONS scavenging dendrimer G4-PB-PEG against IRI is proved and the revealed 

mechanism herein suggests their future use for the treatment of cerebral IRI in the clinic.   

Keywords: dendrimer; cerebral ischemia-reperfusion injury; reactive oxygen species; 

neuroinflammation 

 

Back to top ↑ 

 

 

 

 

  



September 16-19, 2021 Chongqing 

P-576 ~ P-600 

 

 

P-576 

Timely and appropriate administration of inhaled argon provides 

better outcome for tMCAO mice: a controlled-randomized and 

double-blind animal study 

 

Juan He1,2,3, Ke Xue2,3, Jiayi Liu2, Jin-hua Gu1, Bin Peng2, Lihua Xu2, Guohua Wang2, Zhenglin 

Jiang2*, Xia Li2*, Yunfeng Zhang1,2*  

 

1 Stroke Center & Department of Neurology, Affiliated Hospital of Nantong University, Nantong, 

Jiangsu 226019, China  

2 Institute of Special Environmental Medicine, Co-innovation Center of Neuroregeneration, Nantong 

University, Nantong, Jiangsu 226001, China 

3 Juan He and Ke Xue contributed equally to this work 

 

* Correspondence: Yunfeng Zhang (dannychangnt@sina.com), Xia Li (lixia7979@ntu.edu.cn) and 

Zhenglin Jiang (jiangzl@ntu.edu.cn) 

 

Abstract  

Background: Inhaled argon (iAr2) has provided a promising therapeutic efficiency for acute 

ischemic stroke (AIS) and exhibited impressive advantages over other inert gases as 

neuroprotective agents. However, the optimal dose, duration and time point of iAr 2 for AIS are 

unknown. Here, we explored variable iAr2 schedules and evaluated the neuroprotective effects of 

acute iAr2 administration on lesion volume, brain edema, neurological functions in a mouse model 

of cerebral ischemic/reperfusion (I/R) injury. 
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Methods: Adult ICR mice were randomly subjected to sham or moderate (1.5h) or severe (3h) 

transient middle cerebral artery occlusion (tMCAO). 1 h after tMCAO, the mice were randomized 

to variable iAr2 protocols or air (Ctr). General and focal deficits scores were assessed during 

double-blind treatment. Infarct volume, overall recovery and brain edema were analyzed at 24 h 

after cerebral I/R injury.  

Results: Compared with post-iAr2 group, lesion volume (P < 0.01), and neurologic outcome 

(general, P < 0.05; focal, P < 0.001) were significantly improved in pre-iAr2 group, which were 

assigned to argon inhalation 1h after ischemia (before the onset of reperfusion). Short -term argon 

treatment (1 h or 3 h) showed significantly better outcome in infarct volume (P < 0.001), and focal 

neurological score (P < 0.001), when compared to argon inhalation for 24 h. The concentration of 

argon inhalation was confirmed as a key factor dominating the general neurological outcome versus 

to the tMCAO group, the higher the better. In addition, even though ischemia research has shown 

an increase in cerebral damage proportional to ischemic time, argon administration showed 

significantly neuroprotection efficiency on infract volume (P < 0.001), neurological deficits 

(general, P < 0.001; focal, P < 0.001), weight recovery (P < 0.001), and edema (P < 0.001) in 

general, particularly in moderate stroke.  

Conclusion: Timely argon inhalation before the onset of reperfusion showed optimal neurological 

outcome and minimal infarct volumes. Meanwhile, appropriate length of administration was also 

important for better neuroprotection efficiency. These findings may provide vital guidance for 

argon as neuroprotective agents and moving to clinical trials in acute ischemic stroke.  

Key Words: argon; inert gases; neuroprotectant; ischemic reperfusion injury; double-blind study 
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Abstract: Objective Cerebral stroke remains one of the leading causes of death and disability 

worldwide, with nearly 80 to 85% of cases characterized as ischemia. However, limited advances 

have been achieved in developing treatments to counter the deleterious effects of cerebral ischemia. 

Annexin A1 (ANXA1) is a 37-kDa member of the annexin superfamily of proteins, our previous 

study found that SUMOylated ANXA1 in microglia promotes marked improvement in neurological 

function of cerebral ischemia. Tat-NTS, It is a cell-penetrating peptide that derived by conjugating 

the trans-activator of transcription (Tat) domain to the unique nuclear translocation signal (NTS) 

sequence of ANXA1. This Tat-NTS peptide specifically blocked the nuclear translocation of 

ANXA1, consequently protecting neurons from ischemic stroke damage. However, the role of 

ANXA1 accumulated in the cytoplasm under the effect of Tat-NTS is unclear,a previously 

unrecognized molecular mechanism of Tat-NTS peptide may offer a promising new therapeutic 

approach in ischemic stroke therapy. Methods In vitro cell model of cerebral ischemia-reperfusion 

injury by challenged primary microglia with oxygen-glucose deprivation and reoxygenation 

(OGD/R). The interaction between ANXA1 and SUMO2 was identified by co-immunoprecipition 

assay. The expression of inflammatory factors （ IL-1β, TNF-α ） in cell supernatants were 

determined by using commercially available ELISA kits. The number of apoptotic cells in the 

hippocampus was examined by TUNEL staining. Results (1) The accumulation of ANXA1 in 

cytoplasmic and its binding with SUMO2 in microglia challenged with OGD/R was up-regulated 

by Tat-NTS peptide treatment. (2) OGD/R-induced Bid expression, caspase-3 activation, and 

neuronal cell apoptosis was alleviated by treatment of the Tat-NTS. (3) The expression of 
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proinflammatory mediators (IL-1β, TNF-α) in microglial was attenuated by Tat-NTS peptide 

treatment after cerebral ischemic-reperfusion injury. (4) OGD/R-induced NF-B signaling pathway 

activation was suppressed after treatment with Tat-NTS peptide. (5) SUMOylated ANXA1 

promoted the interaction of IKK with the autophagy receptor NBR1 by forming a complex, which 

was enhanced under the effect of Tat-NTS peptide tretmeant. (6) The selective autophagic 

degradation of IKK was specifically mediated by administration of Tat-NTS peptide. (7) The 

learning, memory and motor function of mice with cerebral ischemic injury was improved by Tat-

NTS peptide，which occurred specififically through the effect of ANXA1 SUMOylation in 

microglia. 

Keywords: cerebral ischemia; ANXA1; Tat-NTS; SUMOylation; microglia; neuroprotective 

mechanism 
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Abstract: Objective Neuroinflammation play a significant role in cerebral ischemic stroke 

processes. The microglia can be activated and transformed into two different phenotypes with 

distinct physiological functions to response inflammation. Stimulator of interferon genes (STING) 

mediated innate immune signaling and involved in the immune response. However, the effect and 

underlying mechanism of STING on microglia polarization after cerebral ischemia/reperfusion (I/R) 

remain unclarified. Methods Ischemic stroke model was established by middle cerebral artery 

occlusion. As the inhibitor of STING, C-176 was administered intraperitoneally at 30min after 

MCAO. In vitro, Oxygen-glucose deprivation was applied to microglial cell line BV2. Brain 

damages were assessed by brain infarction, neurological score, and neurodegeneration. Histology 

and immunofluorescence assessment were executed to determine microglial morphological 

transformation. Results STING was mainly located in microglia, the expression of microglia 

STING was increased following cerebral I/R injury. Stimulator of interferon genes mediated the 

microglia polarizing into M1 pheontype, which ultimately resulted in the severely cerebral 

infarction, neuronal injury and neurological deficits after MCAO. With the anti-inflammatory 

effect, C-176 could weaken M1 microglia polarization and promote M2 microglia polarization. 

Conclusion Targeting STING facilitated neuroprotection by shifting microglia polarization from 

the M1 to M2 phenotype in ischemic mouse brain. Our data indicates that STING might be a novel 

therapeutic strategy of ischemia/reperfusion. 

Keywords: ischemia/reperfusion; STING; microglia; polarization; neuroinflammation 
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Abstract: Objective: Bilateral common carotid artery (BCCA) occlusion (2-VO) combined with 

systemic hypotension is a model for global ischemia. The method is easy to perform but limited by 

low success rate. There are protocols for this model but whether it is necessary to preserve head 

heat is not stressed. Methods: Overnight fasted mice were incubated with 5% isoflurane for 

anesthetization and then mechanically ventilated with 2% isoflurane. The isoflurane concentration 

was increased to 5% to induce systemic hypotension after the BCCAs were freed via a neck incision. 

The BCCAs were clamped simultaneously 4 minutes later for another 6 minutes. The neck incision 

was closed and the mice were placed in a warm recovery chamber for recovery. The animals were 

sacrificed after 3 or 8 days of reperfusion, and the brain tissues were prepared for histology test. 

The brain sections were used for nissel staining. Results: (1) 1/3 mice (n=3) at day 3 of reperfusion 

and no mice (n=3) at day 8 showed a significant neuron loss (greater than 50%) in hippocampal 

CA1 region, when the surgery was performed under room temperature (~20℃) and the intra-

ischemia head heat was not preserved. (2) 1/2 mice (n=4) at day 3 and all mice (n=3) at day 8 

showed a significant neuron loss in CA1 region when the intra-ischemia head heat was preserved 

at 37℃. Conclusion: Higher head heat during ischemia might lead to a poor prognosis after 

reperfusion. Head heat preservation is necessary for the modeling of mouse 2-VO combined with 

systemic hypotension. 

Keywords: Global ischemia, mouse model, ischemia/reperfusion 
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磁共振动脉自旋标记技术在脑血管搭桥手术中的应用 
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摘要 

目的：总结磁共振动脉自旋标记技术在脑血管搭桥手术中的应用。 

方法：对我科自 2018 年 1 月至 2020 年 12 月行脑血管搭桥治疗脑缺血疾病（烟雾病及动脉粥

样硬化性脑血管闭塞）的患者中，应用磁共振动脉自旋标记技术( Arterial Spin Labeling，

ASL)的体会进行总结分析。本组手术共 30 例，其中烟雾病 26 例，动脉粥样硬化性脑血管闭

塞 4 例。缺血发病 22 例，出血发病 8 例。均采用颞浅动脉-大脑中动脉搭桥及硬膜翻转颞肌

贴敷手术方式。术后 DSA 复查显示吻合口全部通畅。 

结果：我们体会，ASL 技术在脑缺血搭桥手术中的应用包括以下方面：（1）标记后延迟时

间（Post Label Delay，PLD）1.5S 时可显示脑灌注不足区域，PLD 2.5S 时显示是否存在侧支

血管代偿；（2）区域性动脉自旋标记灌注成像（territory arterial spin labeling ，T-ASL）可

显示代偿血管来自哪条血管；可以避免数字减影脑血管造影（DSA）正侧位上血管影重叠造

成的判断困难；（3）搭桥术后，T-ASL 重叠解剖图，可以显示手术后，桥血管及新生血管

向颅内供血范围，并反过来指导搭桥术中受体血管的选择；比如手术设计，是否以保证脑运

动区供血为首要目的；（4）搭桥术后 T-ASL 可以分别标记手术侧颈外动脉及颞浅动脉向颅

内供血范围，两者差异范围即为新生血管供血范围，可以分别评估桥血管及新生血管供血范

围；既往 DSA 无法达到这样的目的；（5）经颅彩色双功能超声（Transcranial Colour-Coded 

Duplex Sonography，TCCS/TCCD）可以准确测量桥血管的血流量，结合 T-ASL 测量桥血管

及新生血管的供血范围的比例，可以计算得新生血管向颅内的供血量，从而可以更准确进行

随访评估、观察向颅内代偿供血的变化；（6）由于避免了注射的对比剂量、注射速率、检

查者心输出量等干扰因素，ASL 相比动态磁敏感对比增强磁共振灌注成像 ( Dynamic 

Susceptibility Contrast Magnetic Resonance Imaging，DSC-MRI)来说，具有更强的定量意义，

即同一患者手术前后数值可比较。 
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结论：充分运用 ASL 技术，能对脑缺血搭桥患者的术前评估、术后随访观察起到重要的作用，

甚至提示受体血管的选择，指导手术方案。 

关键词：脑缺血，烟雾病，脑血管搭桥，磁共振动脉自旋标记 
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Abstract: Objective Brain has poor tolerance to ischemia/hypoxia, both endogenous 

ischemic/hypoxic factors (including aging and disease) and exogenous hypoxic environments (such 

as high altitude) can cause cerebral injury, which is slow, insidiousness and irreversibility. It is of 

great significance to detect hypoxia induced cerebral injury by monitoring peripheral specific 

biomarkers change. α-Synuclein (α-syn) is a soluble protein, which widely expressed in the central 

nervous system. Its phosphorylation (p-α-syn) and abnormal aggregation are involved in a variety 

of neurological diseases, such as Parkinson's disease, Lewy body dementia, however, it is not clear 

whether the abnormal changes of α-syn are involved in hypoxic/ischemic brain injury. In this study, 

we explore whether α-syn pathology involved hypoxic/ischemic brain injury, and whether serum 

α-syn/p-a-syn can be acted as a potential biomarker of these injury. Methods Hypoxic mice model 

and cerebral ischemic/hypoxia model (MCAO) are established. Cerebral injury is detected by 

behavioral tests and immunohistochemistry, cerebral α-syn/p-α-syn level is measured by WB and 

immunofluorescence, and serum α-syn/p-α-syn level is detected by ELISA. Results (1) Both 

systemic hypoxia and cerebral local ischemic/hypoxia can cause the increase of α-syn/p-α-syn in 

both brain tissue and blood in time-dependent manner; (2) The level of α-syn/p-α-syn in the blood 

is consistent with behavioral impairment. Conclusion The increase of serum α-syn/p-a-syn can be 

acted as a reliable biomarker for ischemic/hypoxia brain damage.  

Keywords: α-synuclein, ischemia, hypoxia, nerve damage, biomarker  
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Abstract: Background and purpose: Stent-assisted coiling (SAC) of intracranial aneurysms is 

usually treated with antiplatelet therapy to reduce the risk of postoperative ischemic events. 

However, using the same antiplatelet therapy for all patients may increase the risk of bleeding in 

patients with aneurysmal subarachnoid hemorrhage (aSAH). Thromboelastography-platelet 

mapping (TEG-PM) measures platelet function, which reflects the effect of antiplatelet drugs. This 

study aimed to evaluate the benefits of individualized antiplatelet regimens based on 

thromboelastography-platelet mapping (TEG-PM) for patients with aSAH who underwent SAC.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Methods: We retrospectively included patients with aSAH who treated with SAC during the period 

from June 2012 to December 2019. Patients were divided into 2 groups: patients whose antiplatelet 

therapy adjusted by TEG-PM parameters after surgery (adjustment group) and patients who treated 

with standard dual antiplatelet therapy without TEG-PM test (control group). The occurrence of 

major/minor bleeding events, major/minor thromboembolic events, and favorable outcome 

(modified Rankin scale < 3) were compared in both groups during hospitalization. 

Results: Of 187 aSAH patients considered for this study, 145 met the criteria for inclusion and 

were included in the analysis (93 patients in the adjustment group and 52 patients in the control 

group). The risks of minor bleeding events (1.1% vs 9.6%, p = 0.02) were significantly lower in 

patients in the adjustment group. But there was no significant difference in the rate of major 

bleeding events at discharge between adjustment and control groups (p = 0.35). The rates of 

thromboembolic events and favorable outcome were similar in both groups (22.6% vs 28.8%, p = 

0.42, 95.7% vs 96.2%, p = 1.00 ). Furthermore, the minor thromboembolic events rate was 

significantly lower in the patients treated with treatment plan C (P=0.02 for treatment p lan C versus 

treatment A, P= 0.03 for treatment plan C versus treatment plan B). But there was no significant 
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difference in the rate of other mentioned above complications and favorable outcomes among 

patients treated with different antiplatelet regimens.  

Conclusions: Individualized antiplatelet therapy based on TEG-PM parameters might positively 

impact the bleeding risk of aSAH patients, without increasing the risk for clinically relevant 

thromboembolic events. 

Keywords: aneurysmal subarachnoid hemorrhage, thromboelastography, platelet function, stent-

assisted coiling  
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Abstract: objective Heat-sensitive suspended moxibustion has a neuroprotective effect against 

focal cerebral ischemia/reperfusion injury, but the underlying mechanisms remain unclear. The 
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duration of heat-sensitive suspended moxibustion (usually from 30 minutes to 1 hour) is longer 

than traditional suspended moxibustion (usually 15 minutes). However, the effects of 15- and 35-

minute suspended moxibustion in rats with cerebral ischemia/reperfusion injury are poorly 

understood. In this study, we performed 15- or 35-minute suspended moxibustion at acupoint 

Dazhui (GV14) and compare their effects in an adult rat model of focal cerebral 

ischemia/reperfusion injury. Methods Infarct volume was evaluated with the 2,3,5-

triphenyltetrazolium chloride assay. Histopathological changes and inflammatory cells infiltration 

at the injury site were examined by hematoxylin-eosin staining. Neuronal apoptosis at the injury 

site was assessed by terminal deoxynucleotidyl transferase dUTP nick end labeling assay. Neuronal 

inflammatory factors were detected by radioimmunoassay. Cerebral cortical MDA content were 

determined by colorimetry. Caspase-9, caspase-3, and CD11b expression at the injury site were 

detected using immunofluorescent staining. Bax, Bcl-2, NF-κB p65, p-IKKα/β, and SOD2 

expression at the injury site were assessed using western blot assay. Results In the 35-minute 

moxibustion group, infarct volume was decreased; neurological function score was increased; 

neuronal apoptosis, inflammatory reaction and oxidative stress were reduced; caspase-9, caspase-

3, Bax, NF-κB p65 and p-IKKα/β expression were lower; Bcl-2 and SOD2 expression was increased, 

compared with the 15-minute moxibustion group. Conclusion Our findings show that 35-minute 

moxibustion has a greater anti-apoptotic, anti-inflammatory and anti-oxidative effect than 15-

minute moxibustion after focal cerebral ischemia/reperfusion injury.  

Key Words： suspended moxibustion; middle cerebral artery occlusion; cerebral 

ischemia/reperfusion injury; infarct volume; apoptosis; inflammation; oxidative stress  

 

Back to top ↑ 

 

 

P-584 

急性脑缺血小鼠三维脑成像与病理药理学新发现 

 

李迪迪，李卓，徐少锋，王伟平，王晓良* 



September 16-19, 2021 Chongqing 

 

中国医学科学院药物研究所，北京市西城区先农坛 1 号，100050，中国 

 

*通讯作者：王晓良 

wangxl@imm.ac.cn 

 

Abstract：急性缺血性脑卒中是中老年人的最严重致残和致死原因之一。我们利用显微光学

断层成像技术研究了小鼠急性脑缺血（MCAO 模型）脑的结构变化及给予丁苯酞（NBP）治

疗后的作用。C57BL/6 小鼠插线法造急性缺血性脑卒中模型，缺血前 1h 和缺血后 2h 分别给

予 NBP 100mg/kg。缺血不同时间后动物处死，用缓冲液经心脏进行血管灌流，然后用

0.4mg/ml 的 FITC 溶液心脏灌流为血管标记荧光。取脑，固定，fMOST5000 进行脑切片成像。 

成像结果显示，分辨率可达 0.35 x 0.35µm x 1µm 级别，单层血管内皮细胞清晰可见。投射后

动脉及微动脉环形肌可以非常清晰的还原。大脑中动脉供血脑区可见大片白质坏死，血管染

色荧光消失，白质与脑皮层之间 external capsule 部分出现明显分离。提示大量神经元轴突断

裂，而大脑皮层的轮廓，形态及血管染色相对较好。此外，阻断侧白质内测的纹状体部位受

损严重，形态结构改变，细胞排列紊乱，提示小鼠可能出现肌张力异常，精细复杂运动协调

能力降低，与我们观察到的小鼠震颤，对侧偏瘫等行为学一致。根据立体定位，缺血损伤的

周边脑区（半暗带）血管染色荧光强度加强，而对应部位的健侧血管染色荧光强度却降低，

说明急性缺血后半暗带及周边血流代偿性增加，脑内血流重新分布，由健侧部分转移至损伤

侧，损伤侧半暗带可能伴随微动脉环形肌及毛细血管前括约肌舒张，毛细血管开放率大大提

高。给予丁苯酞后上述病理改变明显减轻。 

Conclusion：小鼠急性脑缺血（大脑中动脉）显著的病理改变为脑白质大面积缺血坏死，纹

状体损伤严重，皮层与内部核团的连接部位，如 external capsule 发生断裂，皮层相对受损较

少， 半暗带血流代偿性增加。 

Keywords：大脑中动脉阻断, 缺血性脑卒中，三维脑成像，白质损伤，脑血管 
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Abstract: Objective Uncaria rhynchophylla, a traditional Chinese herb, has been used for centuries 

to treat epileptic seizures. With the aim to seeking lead components that could be further developed 

into active components against epilepsy, various alkaloid components isolated from Uncaria 

rhynchophylla were tested to explore the antiepileptic effects in different epilepsy models of 

zebrafish. Methods Several alkaloid components were isolated from Uncaria rhynchophylla. 

Pentylenetetrazole (PTZ) and 4-aminopyridine (4-AP) were used to induce distinct patterns of 

epileptic seizure in zebrafish larvae at 120 hpf. Different dosage of alkaloid components was added 

to the culture medium 24 h before seizure induction. Behavioral tracking system was applied to 

record and analyze the locomotor activity after drug treatment. qRT-PCR and whole mount situ 

hybridization (WISH) assay were used to detect the level of c-fos expression, which is the neuronal 

activity marker gene. Results Three alkaloid components isolated from Uncaria rhynchophylla 

were found to exhibit antiseizure activity in zebrafish larvae, and the effect of Fraction 9 (F9) was 

the highest. F9 component could reduce the hyperactivity induced by PTZ and 4-AP in a dose-

dependent manner respectively, with the optimal protective effect at 80 μg/ml. Furthermore, the 

induced c-fos transcription by PTZ and 4-AP in the brain of zebrafish could be antagonized by F9 

component. Conclusion In summary, these data suggested that F9, an alkaloid component isolated 

from Uncaria rhynchophylla, might be a potential anti-epileptic drug. Our study further expanded 

the clinical application of Uncaria rhynchophylla in the treatment of epilepsy.  
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Abstract: Objective Death-associated protein kinase 1 (DAPK1) expression is upregulated in the 

brains of human epilepsy patients. However, it is unknown whether and how DAPK1 expression or 

activity is regulated in epilepsy, and whether targeting DAPK1 has a protective effect against 

epilepsy. Methods Two epilepsy mouse models were established in wild-type and DAPK1 

knockout (KO) mice: the model that received a single dose of 50 mg/kg pentylenetetrazol (PTZ) 

(the acute paradigm) and the model that received 35 mg/kg PTZ every other day (the kindling 

paradigm). Electroencephalograms, seizure grade, immunohistochemical and biochemical analyses 

were assessed. Results DAPK1 activity but not DAPK1 expression was increased immediately 

after convulsive PTZ exposure in both cortex and hippocampus. However, both DAPK1 activity 

and expression were highly increased after repeated PTZ treatment during the kindling paradigm. 

The DAPK1 KO mouse showed significantly reduced seizure phenotypes induced by PTZ. 

Mechanistically, epileptic seizure stimulated the phosphorylation of NR2B through DAPK1 
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activation. In addition, inhibition of DAPK1 kinase activity exerted rapid antiepileptic effects in 

both acute and chronic epilepsy mouse models. Conclusion Our results demonstrate a novel 

mechanism of DAPK1 regulation in both acute and chronic epilepsy, and targeting to DAPK1 

provides new therapeutic strategies for the epilepsy treatment. 

Keywords: Death-associated protein kinase 1; epilepsy; kindling; seizure  
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Abstract: Objective Mutations of the cyclin-dependent kinase-like 5 (CDKL5) gene cause severe 

neurodevelopmental disorders characterized by intractable epilepsy, intellectual disability, and 

autism. Multiple mouse models generated for mechanistic studies have exhibited phenotypes 

similar to some human pathological features, whereas none of the models have developed one of 

the major symptoms tormenting CDKL5 deficiency disorder (CDD) patients: intractable recurrent 

seizures. As disrupted neuronal excitation/inhibition balance is closely associated with the activity 

of glutamatergic and GABAergic neurons, our aim was to study the effect of the loss of CDKL5 in 

different types of neurons on epilepsy. Methods Using the Cre-LoxP system, we generated the 

conditional knockout (cKO) mouse lines, allowing CDKL5 deficiency in glutamatergic or 

GABAergic neurons. We employed the non-invasive video recording and in vivo 

electrophysiological approaches to study the seizure activity in these Cdkl5 cKO mice. Furthermore, 

we conducted Timm staining to confirm a morphological alteration. Finally, we performed whole -

cell patch-clamp in dentate granule cells to investigate the cell-intrinsic properties and synaptic 

excitatory activity. Results (1) CDKL5 deficiency in forebrain glutamatergic neurons, but not in 

GABAergic neurons, causes recurrent spontaneous seizures.   (2) Emx1-cKO mice manifested high-

frequency spontaneous seizures and abnormal hippocampal mossy fiber sprouting. (3) The dentate 

granule cells of Emx1-cKO mice showed enhanced excitatory synaptic activity. Conclusion 

Selective Cdkl5 knockout in telencephalic glutamatergic neurons results in recurrent spontaneous 

seizures. Our study introduces the animal models of recurrent spontaneous seizures associated with 

CDKL5 deficiency and their potential for scientific studies of the molecular pathogenesis of the 

CDD-related seizures.  

Keywords: CDKL5 deficiency disorder; spontaneous seizure; glutamatergic neuron 
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Abstract: ASD-associated genes are enriched for synaptic proteins and epigenetic regulators. How 

those chromatin modulators establish ASD traits have remained unknown. We find 

haploinsufficiency of Ash1l causally induces ASD-associated behavior, including anxiety, 

repetitive behavior and alters social behavior. Specific depletion of Ash1l in forebrain induces 

similar ASD-associated behavioral defects. While the ability of learning remains intact, 

discrimination ability of Ash1l mutant mice is reduced. Mechanistically, deletion of Ash1l in 

neurons induces excessive synapses due to the synapse pruning deficits, especially during the post-

learning period. Dysregulation of synaptic genes is detected in Ash1l mutant brain. Specifically, 

Eph receptor A7 is downregulated in Ash1l+/- mice through accumulating EZH2-mediated 
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H3K27me3 in its gene body. Importantly, increasing activation of EphA7 in Ash1l+/- mice by 

supplying its ligand, ephrin-A5, strongly promotes synapse pruning and rescues discrimination 

deficits. Our results suggest Ash1l haploinsufficiency is a highly penetrant risk factor for ASD, 

resulting from synapse pruning deficits. 

Keywords: Ash1l; epigenetics; autism spectrum disorders; synapse; synapse pruning; in  vivo 

imaging; EphA7; Regulation of gene expression 
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Abstract: Objective Unidentified mechanisms largely restrict the viability of effective therapies 

in pharmacoresistant epilepsy. Our previous study revealed that hyperactivity of the subiculum is 
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crucial for the genesis of pharmacoresistance in temporal lobe epilepsy (TLE), but the underlying 

molecular mechanism is not clear. Methods Here, we examined the role of subicular caspase-1, a 

key neural pro-inflammatory enzyme, in pharmacoresistant TLE. Results We found that the 

expression of activated caspase-1 in the subiculum, but not the CA1, was upregulated in 

pharmacoresistant amygdaloid-kindled rats. Early overexpression of caspase-1 in the subiculum 

was sufficient to induce pharmacoresistant TLE in rats, whereas genetic ablation of caspase -1 

interfered with the genesis of pharmacoresistant TLE in both kindled rats and kainic acid-treated 

mice. The pro-pharmacoresistance effect of subicular caspase-1 was mediated by its main 

downstream inflammasome interleukin-1β. Further electrophysiological results showed that 

inhibiting caspase-1 decreased the excitability of subicular pyramidal neurons through influencing 

the excitation/inhibition balance of pre-synaptic input. Importantly, a small-molecular caspase-1 

inhibitor CZL80 attenuated seizures in pharmacoresistant TLE animals, and decreased the neural 

excitability in the brain slices obtained from pharmacoresistant TLE patients. Conclusion These 

results support the subicular caspase-1-interleukin-1β inflammatory pathway as a novel alternative 

mechanism hypothesis for pharmacoresistant TLE, and present caspase-1 as a potential target. 

Keywords: subiculum, caspase-1, pharmacoresistance, temporal lobe epilepsy 
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Abstract: Objective The subiculum is supposed to crucially participate in the initiation and 

propagation of seizure in temple lobe epilepsy (TLE). However, traditionally viewed subiculum is 

heterogenous anatomically, how distinct subregions or neural circuits of subicular pyramidal 

neurons were involved in TLE remains unclear. The present study aims to explore the heterogeneity 

of subicular pyramidal neurons in TLE. Methods Fiber photometry, optogenetics, chemogenetics, 

electrophysiology, and single-pulse measurement approaches were used to study the precise role of 

the subicular pyramidal neurons in hippocampal kindling and intrahippocampal kainic acid TLE 

models. Results (1) Subicular pyramidal neurons bidirectionally modulates seizures in TLE. (2) 

The anterior thalamus-projecting subicular circuit amplifies seizures via enhanced synaptic 

transmission. (3) The entorhinal cortex-projecting subicular circuit acts as a parallel but contrary 

pathway to attenuate seizure severity. Conclusion Distinct subicular pyramidal layer roles contrary 

in TLE via different downstream targets, suggesting precisely targeting specific subicular circuit is 

necessary for the treatment of TLE.         

Keywords: Epilepsy; Subiculum; Seizure; Neural circuit 
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Abstract: Objective Focal cortical dysplasia (FCD) is one of the most common causes of pediatric 

and adult intractable epilepsies. Dysmorphic neurons were the major feature of type II FCD in 

histopathological examinations, but the etiology of FCD pathogenesis remains unclear. The present 

study aims to quantify the morphological and electrophysiological properties of dysmorphic 

neurons by whole-cell patch-clamp recordings and morphological reconstruction, as well as the 

potential mechanism of how dysmorphic neurons would contribute to epileptogenesis in type II 

FCD. Methods The morphological and electrophysiological properties of dysmorphic neurons and 

pyramidal neurons were identified by whole-cell patch-clamp recording and intracellularly loading 

with biocytin. Morphological reconstruction was performed by post-hoc immunohistochemistry, 

confocal imaging, and quantified by Neurolucida 360. Quantification of morphological and 

electrophysiological parameters was done by R 4.0.3 software. Synaptic inputs were recorded by 

whole-cell patch-clamp recordings and quantified by Miniature Analysis software.  Results （1）

We identified five morphological subtypes (M1–M5) and three electrophysiological subtypes (E1–

E3) of pyramidal neurons in human epilepsy intractable cortical samples. （2）M1 and M2 neuron 

subtypes were dysmorphic neurons that exhibited distinct morphological features, including 

enlarged cell soma and aberrant dendritic arbors, reminiscent of dysmorphic neurons in type II FCD.

（3）Dysmorphic neurons were enriched in the upper layer cortex of type II FCD and mainly in 

E1 cluster, exhibited reduced action potential firing frequency and required increased injection 
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current for rheobase action potential firing. （4）Decreased glutamatergic synaptic inputs but 

increased GABAergic synaptic inputs were recorded in the upper layer dysmorphic neurons, which 

also upregulated the Na+ K+ Cl− transporter NKCC1, suggesting enhanced GABAergic synaptic 

inputs may exert depolarizing effect in dysmorphic neurons. Conclusion We demonstrated that 

dysmorphic neurons enriched in the upper layer cortex of type II FCD displayed distinct 

morphological and electrophysiological features, and imbalance of synaptic excitation and 

inhibition of dysmorphic neurons may contribute to epileptogenesis in type II FCD. 

Keywords: Focal cortical dysplasia, dysmorphic neuron, whole cell patch clamp recording, 

morphological reconstruction, excitation-inhibition balance 
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Abstract:  Objective To study the pharmacological properties and potential molecular mechanism 

of Dingxian Pill in the treatment of epilepsy.  Method Healthy adult male Wistar rats induced 

chronic epilepsy by intraperitoneal injection of PTZ and were randomly divided into model group, 

Dingxian pill low-dose group, Dingxian pill high-dose group, and sodium valproate group.The anti-
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epileptic effects of Dingxian Pills were evaluated by animal behavior and electroencephalogram 

(EEG) ,and the learning and memory abilities of epileptic rats were tested by Morris water maze 

tests. The protein table of the immediate early gene c-fos was detected by immunohistochemistry, 

and the gene expression was analyzed by transcriptomics and real-time PCR. Result The treatment 

of Dingxian pill dose-dependently inhibited PTZ-induced seizure-like behavior and reduced the 

seizure grades, LFP power spectral density, and brain wave of the epileptiform EEG component 

induced by PTZ. In Morris water maze tests,the learning and memory ability of kindled epileptic 

rats could be attenuated more efciently by Dingxian pill. For the immediate early gene c-fos, the 

expression was reduced afer Dingxian pill treatment, and the diference was signifcant between the 

treatment and the model group. Trough the transcriptome analysis of the gene expression in 

hippocampus, Egr3, Nrg, Arc, and Ptgs2, closely related to epilepsy, had been proved to be 

downregulated by application of Dingxian pill.  Conclusion Dingxian pills can relieve the seizures 

of chronic epilepsy rats injected by PTZ through inhibiting the abnormal discharge of hippocampal 

neurons in epileptic rats. Te treatment of epilepsy pill can efectively improve the spatial learning 

and memory ability of epilepsy model. The Dingxian pills might interfere with epilepsy as well as 

cognitive dysfunction through Egr3-GABRA4 signal, NRG1-ErbB4 signal, and ERK-Arc pathway. 

All of the results not only highlight the antiepileptic efects of Dingxian pill and its molecular 

mechanism, but also provide a modern validity theory for the clinical application of tradit ional 

Chinese medicine (TCM). 

Keywords: epilepsy; Dingxian Pill; learning and memory; transcriptomic analysis 
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Abstract: KCNMA1 encodes the α-subunit of high-conductance calcium- and voltage-dependent 

（BK）potassium channel. Although the number of loss-of-function（LOF） variants was less 

than gain-of-function mutants（GOF）of KCNMA1 and LOF variants are identified later than 

GOF mutants, LOF mutation is closely related to generalized epilepsy and paroxysmal dyskinesia. 

With the development of new generation gene sequencing technologies, more novel KCNMA1 

mutants have been identified. Here, we screened a rare mutant of KCNMA1 (BKE134Q) in 38 patients. 

BKR458T （putative） and BKE134Q reduced the BK current amplitude. Then, KCNMA1 knockout 

(BK KO) mice as the animal model to observe the behavior of epilepsy, morris, Y-maze, open-field 

and catwalk. We found that BK KO mice had spontaneous epilepsy, behavioral cognitive and motor 

disorders, and anxiety. It suggested that LOF KCNMA1 mediates epilepsy. Finally, transcriptome 

analysis was used to explore the possible mechanism of epilepsy. To reveal the relationship between 

KCNMA1 dysfunction and epilepsy is helpful to improve the therapeutic effect of epilepsy.  

Keywords high-conductance calcium- and voltage-dependent （ BK ） potassium channel, 

KCNMA1, loss-of-function（LOF） variants, epilepsy 
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Abstract Genetic mutants of voltage-gated sodium channels (VGSCs) are considered to be 

responsible for the increasing number of epilepsy syndromes. Previous research has indicated that 

mutations of one of the VGSC genes, SCN9A (Nav1.7), result in febrile seizures and Dravet 

syndrome in humans. Despite these recent efforts, the electrophysiological basis of SCN9A 

mutations remains unclear. Here, we performed a genetic screen of patients with febrile seizures 

and identified a novel missense mutation of SCN9A (W1150R). Electrophysiological 

characterization of different SCN9A mutants in HEK293T cells, the previously-reported N641Y 

and K655R variants, as well as the newly-found W1150R variant, revealed that the current density 

of the W1150R and N641Y variants was significantly larger than that of the wild-type (WT) channel. 

The time constants of recovery from fast inactivation of the N641Y and K655R variants were 

markedly lower than in the WT channel. The W1150R variant caused a negative shift of the G–V 

curve in the voltage dependence of steady-state activation. All mutants displayed persistent currents 

larger than the WT channel. In addition, we found that oxcarbazepine (OXC), one of the 

antiepileptic drugs targeting VGSCs, caused a significant shift to more negative potential for the 

activation and inactivation in WT and mutant channels. OXC-induced inhibition of currents was 

weaker in the W1150R variant than in the WT. Furthermore, with administering OXC the time 

constant of the N641Y variant was longer than those of the other two SCN9A mutants. In all, our 

results indicated that the point mutation W1150R resulted in a novel gainof-function variant. These 

findings indicated that SCN9A mutants contribute to an increase in seizure, and show distinct 

sensitivity to OXC. 

Keywords Voltage-gated sodium channel, SCN9A Epilepsy, Electrophysiological function, 

Oxcarbazepine Sensitivity 
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Abstract: Objective Epilepsy is one of the most common serious neurological disorders. The 

neural hyperexcitability caused by the excitation/inhibition imbalance is regarded as a major 

mechanism of epilepsy. At present, the exploration of the epileptic process mainly relies on the 

animal epilepsy model induced by chemoconvulsants and electrical stimulation. However, the cell 

types of neuron activated in these models lack specificity. We, therefore, try to develop a novel 

epileptic mouse model to specifically modulate the neuronal activity of excitatory projection 

neurons or the inhibitory interneurons using chemogenetic method. Methods The excitatory 

projection neurons or the inhibitory interneurons are genetically tagged with AAV2/9-CaMKIIa-

hM3D(Gq)-mCherry-WPRE-pA or AAV2/9-mDlx-hM4D(Gi)-mCherry-WPRE-pA using 

stereotaxic infusion of the adeno-associated virus into the hippocampus of mice. The epileptic 

seizure was induced by intraperitoneal injection of DREADD agonist 21 (Compound 21)  and was 

recorded by an EEG-video system. Timm staining and Fluoro-Jade C staining were used to 

confirming the mossy fiber sprouting and cell death induced by epilepsy. Results The video 

analysis showed that the seizure was induced by C21 in both the CaMKIIa-Gq group and the mDlx-

Gi group. The typical epileptic features including higher amplitude spikes for epileptiform 

discharges and depression of EEG potentials after seizures were found in the EEG recording. In 

addition, the mice expressing mDlx-Gi were more susceptible to seizure induction compared with 

the mice expressing CaMKIIa-Gq. Moreover, the latency of seizure was shortened but the number 

of the seizure reduced in both the CaMKIIa-Gq group and the mDlx-Gi group after repeated 

injections several days. Conclusion Our Chemogenetic epileptic mouse models share many 

behavioral and EEG features with classic mouse epileptic mouse models. But our chemogenetic 
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models demonstrated the clear link between the specific neuron populations and epileptogenesis. 

They may be powerful tools for studying the detailed mechanisms of the excitation/inhibition 

imbalance and provide new ideas for epileptic treatment in the future. 

Keyword Epliepsy; Chemogenetic; Hippocampus; Mouse models 
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Abstract 

Objective: To compare the effects of traditional medicine Dingxian pill combined with sodium 

valproate (VPA) to that of VPA separate application on chronical epilepsy, and try to clarify the 

pharmacological mechanisms of Dingxian pill and VPA combined application. Methods: The 

epilepsy rats were established by Pentylenetetrazol (PTZ) water solution (35 mg/kg), then rats were 

divided into 4 groups and treated with different drugs once a day for 28 days (the combination 

group consisted of saline, Dingxian Pill (2.4 g/kg), VPA (0.2 g/kg) and the combination group 

consisted of Dingxian Pill (2.4 g/kg) and VPA (0.2 g/kg)). The difference of rats in different 

administration groups was compared by animal behavior, electroencephalogram (EEG), Morris 

water maze, immunohistochemistry, transcriptomics and realtime PCR. Results: the treatment of 

integrated Dingxian pill and sodium valproate inhibited PTZ-induced seizure-like behavior and 

reduced the seizure grades more significantly than application of VPA separately. In Morris water 

maze (MWM) tests, the learning and memory ability of chronic PTZ-induced epileptic rats could 

be improved by all of the drug treatment groups, especially for the group of integrated Dingxian 

pill and VPA. Similar to the results of MWM tests, the expression of neuroexcitability marker gene 

c-fos was reduced after each treatment, and the effect was most pronounced in the combined 

treatment group. Through the transcriptomic analysis on the gene expression of the rodent 

hippocampus, closely related to epilepsy, had been found to be upregulated by application of 

integrated Dingxian pill and VPA compared to application of VPA alone. Conclusion: Our results 

not only highlight anti-epileptic effects of integrated Dingxian pill and VPA and the molecular 

mechanisms, but also provide a forceful basis and therapeutic way for the application of traditional 

Chinese medicine (TCM) in treating neurological disease. 

Keywords: epilepsy; Dingxian pill; VPA; learning and memory; transcriptomic analysis 
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Abstract: As a common neurological disease, epilepsy has been extensively studied. Most rodents 

and other model animals are used to reveal its pathogenic mechanisms and develop new drugs. 

However, studies on non-human primates are relatively limited. Meanwhile, the existing epilepsy 

model cannot fully mimic different kinds of epilepsy in human. The common marmoset (Callithrix 

jacchus) is a New World monkey that widely used in neuroscience research. In the course of daily 

feeding, we found part of individuals in a marmoset family show generalized seizures during 

handling operation. Here we described the main characteristics of this natural epileptic marmosets, 

which  similar to human. The pedigree of this epileptic marmosets suggested an autosomal 

dominant inheritance. To gain phenotypic and mechanistic insights, we employed 

electrocorticogram to identify epileptiform discharges in free roaming marmoset. Spike-waves 

were detected in epileptic marmosets. Pentylenetetrazol (PTZ) kindling results also showed that 

epileptic marmosets had higher seizure scores and more severe behavioral phenotypes. Our data 

suggest that this kind of epileptic marmoset could be a potential model for human epilepsy study. 
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Abstract: Epilepsy, resulted from neuronal hypersynchronous activities, is a serious neurological 

disorder and affects approximately 1-2% population worldwide. There have been no effective anti-

epilepsy drugs (AEDs) largely due to its heterogeneous nature. Clinical observations recently 

showed that epileptic seizures display robust daily oscillations. However, very little is known about 

circadian roles in epilepsy. Here, we examined zebrafish larvae treated with PTZ 

(Pentylenetetrazol), and observed that seizures of this PTZ-evoked model exhibit daily oscillations, 

peaking during ZT4 and ZT8, which was reconfirmed by the GABA receptor α 1 knockout (gabra1-

/-) zebrafish. RNA-seq-based transcriptome analysis of the PTZ-evoked zebrafish model revealed 

approximately 711 differentially expressed genes (DEGs), including 293 up-regulated genes and 

418 down-regulated genes, among which 31 were epilepsy-related genes. Furthermore, we analyzed 

time-series data of a mouse TLE (temporal lobe epilepsy) model induced by Pilocarpine and found 

that approximately 268 epilepsy-related genes with altered expression in the mouse TLE model. 

Intriguingly, among these genes with altered expression, 19 epilepsy-related genes lost their 

rhythmicity and 28 epilepsy-related genes gained their rhythmicity, while 4 epilepsy-related genes 

maintained their rhythmicity but with altered amplitude and/or phase, including driver genes 

(Kcnq2, Atp1a2 and Samd12), passenger genes (Vamp2, Gsr and Abcb6) and undetermined genes 

(Scn9a, Per3 and Apeh). Taken together, these results suggest that epileptic daily oscillations could 

be resulted from altered rhythmicity of some epilepsy-related genes, shed light on circadian roles 

in epilepsy and provide novel targets for epileptic prevention, diagnosis and treatment.   
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Immunomodulatory effect of Celecoxib on HMGB1/TLR4 

pathway in a Post-traumatic epilepsy model in rats 

 

Abstract: Post-traumatic epilepsy (PTE) is a common consequence associated with 

traumatic brain injury (TBI), a chronic process triggered by various insults. 

Neuroinflammation is one of the main causes of epileptogenesis. Celecoxib (CCX) is a non-

steroidal sulfa anti-inflammatory drug (NSAID) that considered as a blocker of one of the 

major proinflammatory mediator cyclooxygenase 2 (COX-2).  

In this study, we aimed to investigate the effects of Celecoxib on epileptogenesis of post-

traumatic epilepsy and elucidate the underlying mechanism. The Post-traumatic epilepsy 

rats’ model was established by intracortical injection of ferrous chloride (FeCl2). Morris 

water maze was used to test cognitive dysfunction while hippocampal neuronal apoptosis 

was assessed via immunofluorescence staining. Using quantitative real-time polymerase 

chain reaction, Western blotting, immunofluorescence staining, and enzyme-linked 

immunosorbent assay determined the levels of High-mobility group box-1 (HMGB1) and 

Toll-like Receptor 4 (TLR4) inflammasome complexes and inflammatory cytokines.  

Celecoxib alleviated seizure susceptibility, reduced ferrous chloride induced cognitive 

dysfunction, and the apoptosis of hippocampal neurons also was inhibited in ferrous 

chloride induced PTE rats. Besides, Celecoxib blocked the HMGB1/TLR4 inflammasome 

and decreased the levels of inflammatory cytokines in the cortex and hippocampus of 

ferrous chloride induced PTE rats.  

Our results demonstrated that celecoxib can decrease epilepsy susceptibility of post- 

traumatic epilepsy and exerts anti-inflammatory effects by inhibiting the HMGB1/TLR4 

inflammasome. Consequently, celecoxib makes it possible to treat post-traumatic epilepsy 

after traumatic brain injury while also show the strong connection between 

neuroinflammation and development of epilepsy post-TBI.  
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Abstract: Objective Sleep-related hypermotor epilepsy (SHE) is a focal epilepsy syndrome whose 

underlying pathomechanism is presumed to be closely related with disruption of GABAergic 

neurotransmission medicated by γ-aminobutyric acid type A receptor (GABAA-R) for many years. 

To test and validate whether mutations in GABAA-R subunit genes contribute to the etiology of 

SHE. Methods We performed next exmoe sequencing on 58 SHE patients and the characterized 

the functional effects of the identified variants in both neuronal and non-neuronal cells using a 

combination of electrophysiology recordings, western blot, flow cytometry and confocal 

microscopy. Results In our study, we detected three pathogenic variants (T90M, Q217X and T317N) 

in the GABRG2 gene in three SHE patients. Functional analysis showed that both the missense 

mutations (T90M, T317N) decreased GABA-evoked whole cell current amplitudes by diverse 

mechanisms including impaired surface expression, endoplasmic reticulum retention, and channel 
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gating defects. And the nonsense mutation (Q217X) altered synaptic clustering and distribution of 

γ2XL(Q217X) subunit-containing receptors. Conclusions Thus, the functional assessment together 

with the genetic sequencing suggests that these GABRG2 variants may constitute genetic risk 

factors for SHE. Our study further supports the view that defects in GABAergic neurotransmission 

participate in the pathogenesis of SHE. 

 

Keywords: Sleep-related hypermotor epilepsy; GABAA receptor; GABRG2 mutations; next 

generation sequencing 
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Abstract: Objective Drug memory that generally develops with drug-paired contextual stimuli and 

drug administration is critical for the development, persistence and relapse  of drug addiction. 

Previous studies have suggested that adult hippocampal neurogenesis (AHN) plays a role in cocaine 

memory formation; however, the underlying mechanism is not fully understood. Methods 

Conditioned place preference (CPP), self-administration and locomotor activity were used to 

investigate the role of Tau in cocaine behaviors. Virus-mediated gene transfer, western blot, 

immunohistochemistry, flow cytometry analysis, Tau interacting proteomics, co-

immunoprecipitation, and mutation of 4R Tau were performed. Results (1) Tau was significantly 

downregulated in the hippocampus of cocaine memory formation. (2) Tau-knockout promoted 

AHN in the hippocampal dentate gyrus, resulting in the enhanced memory formation evoked by 

cocaine-cue stimuli. (3) In contrast, genetically overexpressed 4R Tau in the hippocampus 

disrupted cocaine-cue memory by suppressing AHN. (4) 4R Tau directly interacted with 
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phosphoinositide 3-kinase (PI3K)-p85 and impaired its nuclear translocation and PI3K-AKT 

signaling, which is essential for adult hippocampal neuronal proliferation. Conclusion Collectively, 

4R Tau modulates cocaine memory formation by disrupting AHN, suggesting a novel mechanism 

underlying cocaine memory formation and provide a new strategy for the treatment of cocaine 

addiction. 

Keywords: 4R Tau, PI3K-p85, cocaine memory, adult hippocampal neurogenesis, PI3K-AKT 

signaling 
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Abstract：Tourette's syndrome （Tourette syndrome, TS） is a common neurobehavioral disorder 

in childhood. The etiology and pathogenesis of this disease are unknown. In recent years, with the 

increasing incidence of the disease, more and more attention is focus on this disease. A large 
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number of studies have found that heredity, central neurotransmitter disturbance, infection, 

immunity, psychological factors and social and environmental factors are involved in the 

pathogenesis of TS. Along with the rapid development of imaging technology, developmental 

defects, anatomical and functional abnormalities in the relevant brain regions of the central nervous 

system such as basal ganglia, frontal cortex and limbic system are considered to play an important 

role in the etiology and pathogenesis of TS. This review will carry out a systematic review of the 

latest research progress in TS genetics, neurotransmitters, imaging, infection, immunity and so on 

at home and abroad, in order to help clinical and scientific researchers engaged in TS research.  

Keywords：Tourette syndrome; Obsessive-compulsive disorder; Attention deficit hyperactivity 

disorder; Dopamine system 
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Abstract: The kappa opioid receptor (KOR) system holds a key position in producing the 

prodepressive and aversive consequences of stress. Prior studies have revealed a dense distribution 

of KORs in the ventral pallidum (VP), which is critical for reward and stress resilience. However, 

the role of KOR and its endogenous agonist dynorphin in the VP in stress-induced behavioral 

impairments and the mechanisms underlying its effects remain unknown. Here, by 

electrophysiology, western blotting, immunohistochemistry, combined with behavioral tests, we 

find that activation of KOR by dynorphin directly inhibits neuronal excitability within the VP 

through regulation of G-protein gated inwardly rectifying potassium channels (GIRK) and voltage-

gated calcium channels and induced depressive behavioral effects in forced swimming test and 

sucrose preference test. Interestingly, acute stress and chronic stress although both released 

dynorphin in the VP, chronic stress significantly reduced KOR mediated GIRK and calcium 

currents recorded in VP neurons. An increase in phosphor-immunoreactivity suggest that this 

functional dysregulation may be the consequence of phosphorylation of KOR at Ser-369, which 

often caused KOR desensitization and internalization. In addition, we found that the phospho-p38 

MAPK levels in the VP of chronic stress group were significantly higher than that in the acute 

stress group, indicating phosphorylation of KOR stimulated the β-arrestin signaling cascade that 

subsequently recruited and activated p38 MAPK. These data elucidate a mechanism for stress -

induced dysregulation of the excitability of neurons in the VP and different signaling mechanisms 

underlying distinct stress stimuli.  

Keywords：kappa opioid receptor; ventral pallidum; stress; depressive behaviors; p38 MAPK 
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Abstract: Objective High-risk (HR) populations of schizophrenia can be mainly identified as 

genetic high-risk (GHR) individuals based on putative endophenotypes and ultra-high-risk (UHR) 

individuals based on clinically manifested symptoms. Previous studies have consistently shown 

brain structural abnormalities in both GHR and UHR individuals. In this study, we aimed to 

disentangle the convergent and divergent pattern of gray matter alterations between GHR and UHR. 

Methods We used SIEMENS 3T Trio MRI scanner and voxel-based morphometry (VBM) to 

analyze grey matter volume (GMV) differences among 23 UHR subjects [meeting the Structured 

Interview for Prodromal Syndromes (SIPS) and the Scale of Prodromal Symptoms (SOPS) criteria] , 

18 GHR subjects (unaffected first-relatives of schizophrenia), 26 first-episode schizophrenia 

patients (FES) and 54 healthy controls (CN). Results We found that a number of brain regions 

exhibited a monotonically decreasing trend of GMV from CN to GHR to UHR to FES. Compared 

with CN group, the UHR group showed significantly decreases of GMV similar to the patients in 

the inferior temporal gyrus, fusiform gyrus, middle occipital gyrus,  insula and hippocampus, while 

the GHR group only showed significant decline in the inferior temporal gyrus and fusiform. 

Moreover, the GMV in the somatosensory association, limbic association and visual cortex were 

negatively correlated with the positive score of SIPS in the UHR group, while the GMV in the 
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cerebellum was positively correlated with the PANSS score in the FES group. Conclusion GMV 

deficits and regional dysfunction are evident prior to the onset of psychotic symptoms and are more 

prominent in UHR than GHR individuals. 

Keywords: Schizophrenia; genetic high risk; ultra-high risk; Gray matter volume; Voxel-based 

morphometry 
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Abstract: Objective: Major depressive disorder is one of the most common mental disorders that 

causes disability and death around the world. Women are nearly twice as likely to be diagnosed 

with depression than men. However, the biological mechanisms of gender difference in stress 

susceptibility remain unclear. Meningeal lymphatic vessels, the recently identified structures in the 

dura mater, are essential for the drainage of macromolecules in the brain parenchyma to the 

peripheral immune system through the cervical lymph nodes, as well as the residential sites for 

immune cells in the brains. Whether the meningeal lymphatics may contribute to the pathogenesis 

of depression remains to be addressed. Methods: We used the variable stress paradigm to induce 

depression-like behaviors, and examined changes in the structure and function of meningeal 

lymphatic vessels by immunofluorescence and infusion of fluorescently-tagged tracer into the 

cisterna magna in both female and male mice. We also examined the effects of AAV-mediated 

manipulation of the drainage efficiency of meningeal lymphatic vessels on stress -induced 

depressive-like behaviors. Results: We found significant gender difference in stress-induced 

structural and functional deficits of the meningeal lymphatic vessels. Enhancement of the drainage 

efficiency of meningeal lymphatic vessels reduced depressive-like behaviors, whereas suppression 

of meningeal lymphatic function rendered the susceptibility of mice to subthreshold stress-induced 

depressive phenotypes. Conclusion: Our findings reveal stress-induced drainage deficiency 

through the meningeal lymphatic vessels contributes to gender differences in the pathological 

development of depression. Functional restoration of meningeal lymphatic vessels may be of 

therapeutic potentials for the treatment of stress-related neuropsychiatric disorders.  

Keywords: Meningeal Lymphatics; Stress; Depression; Gender Difference 
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Abstract 

Objective chronic fatigue syndrome (CFS) is an idiopathic, heterogeneous condition involving 

homeostasis disorder of multiple organ systems. Immune mechanism plays an important role  in the 

pathogenesis of CFS. The aim of this study was to investigate the role of neuroinflammation in the 

pathogenesis of fatigue syndrome by using a fatigue animal model induced by repetitive sleep 

deprivation combined with short interval rest. Methods SD rat fatigue model was established by 

repeated sleep deprivation with short interval rest for 10 days. Physiological homeostasis indexes 

including body weight, body temperature, sleep time and spontaneous activity were detected . 

Behavioral tests including weight-loading forced swimming test, Y-maze test and elevated plus 

maze test were conducted after fatigue loading. Cytokine levels in fatigue-related brain areas were 

measured by ELISA. Microglia activation in above brain areas was explored by 

immunohistochemistry. Results during the fatigue loading period, the weight gain of rats 

significantly decreased, the body temperature rhythm changed, and the compensatory sleep time 

changed during the intermittent rest period. Ten-day fatigue loading significantly decreased 

spontaneous activity and swimming time of rats. In Y-maze test, the correct arm entry rate of fatigue 

rats was significantly lower, and the total arm entry times had no difference compared to the control 

group. In the elevated plus test, the number of arm entry and the time of staying in the open arm of 
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fatigue rats were significantly lower than that of the control group. The levels of pro-inflammatory 

cytokines IL-1β were significantly increased in hippocampus, prefrontal cortex and striatum, while 

the anti-inflammatory cytokine TGF-β1 was significantly decreased in hippocampus and pituitary. 

The number of microglia was increased in hippocampus. Conclusion rats show fatigue syndrome 

like behaviors and altered homeostasis after 10 days of repeated sleep deprivation with intermittent 

short rest. The neuroinflammatory changes may contribute to this behavior and physiological 

homeostasis disorder. 

Keywords chronic fatigue syndrome; homeostasis; cytokine; IL-1β; TGF-β1; microglia 
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Abstract: Objective Oxytocin (OT) is recognized as a critical neuropeptide in pain-related 

disorders. Chronic pain caused by the comorbidity of temporomandibular disorder (TMD) and 

fibromyalgia syndrome (FMS) is common, but whether OT plays an analgesic role in the 

comorbidity of TMD and FMS is unknown. Methods Female rats with masseter muscle 

inflammation combined with 3-day forced swim (FS) stress developed somatic hypersensitivity, 

which modeled the comorbidity of TMD and FMS. Using this model, the effects of spinal OT 

administration on mechanical allodynia and thermal hyperalgesia were examined. Furthermore, the 

protein levels of OT receptors and 5-HT2A receptors in the L4-L5 spinal dorsal horn were analyzed 

by Western blot. The OT receptor antagonist atosiban and 5-HT2A receptor antagonist ritanserin 

were intrathecally injected prior to OT injection in the separate groups. Results (1) Intrathecal 

injection of 0.125 μg and 0.5 μg OT attenuated the somatic hyperalgesia induced by orofacial 

inflammation combined with stress. (2) The expression of OT receptors and 5-HT2A receptors in 

the L4-L5 spinal dorsal horn significantly increased following intrathecal injection of 0.5 μg OT. 

(3) Intrathecal administration of either OT receptor antagonist atosiban or 5-HT2A receptor 

antagonist ritanserin blocked the analgesic effect of OT. Conclusions OT may inhibit somatic 

hyperalgesia evoked by orofacial inflammation combined with stress through OT receptors and/or 

5-HT2A receptors, thus providing a therapeutic prospect for drugs targeting the OT system and for 

patients with comorbidity of TMD and FMS.   

Keywords: Oxytocin; serotonin; temporomandibular disorder; fibromyalgia syndrome; pain 
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Abstract Objective ：  Both neuroinflammation and lipid metabolism contribute to the 

physiopathology of depression. A growing body of evidence demonstrates that liver X receptors 

(LXRs) agonists are promising treatment for depression. Rhein, an active component of rhubarb, is 

a natural agonist of LXRs. It has been shown that rhein regulates neuroinflammation and lipid 

metabolism. The effect of rhein on depression and its detailed mechanism remains to be explored. 

Methods： After rhein treatment, behavioral tests were performed to determine its antidepressant 

effect. Tail suspension test was conducted 60 minutes after intraperitoneal injection of different 

doses of rhein (5mg/kg, 10mg/kg). After 5-day injections, we performed forced swimming test and 

open field test. Then the protein samples after 1 hour treatment and 5 days of treatment were 

collected and the expression of LXRs in the prefrontal cortex was measured through Western blots.  

Results： (1) Immobility time in tail suspension test was effectively reduced after one injection of 

high-dose rhein, suggesting an antidepressant effect. (2) 5-day injections of high-dose rhein 

significantly lowered the immobility time in forced swimming test. (3) The total travelling distance 

in open field test showed no significant difference compared with the control. (4) The expression 

of LXRs in the prefrontal cortex was significantly increased after 5 days of treatment.  

Conclusions： Rhein may be an effective treatment for depression via increasing the expression 

and activating its receptor LXRs, without inducing mania. 
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Abstract 

Background: Recent reports suggest G protein-coupled receptor 55 (GPR55) is an atypical 

cannabinoid receptor. It can be activated by a range of plant, synthetic and endogenous 

cannabinoids and blocked by the non-psychoactive phytocannabinoid, cannabidiol. As a new 

potential member of the endocannabinoid (eCB) system, GPR55 has been associated with mood 

regulation in rodents. Furthermore, some evidence suggests that depression is accompanied by 

neuroinflammation and impaired neurogenesis. Meanwhile, GPR55 has been reported to modulate 

inflammation and is expressed in immune cells such as monocytes and microglia. The activation 

of GPR55 was also demonstrated recently to have a neuroprotective effect on hippocampal 

neurogenesis against inflammatory insult. However, the role of GPR55 in regulating depression 

and anxiety has not been discovered. 

Methods: 10-day chronic social defeat stress (CSDS) were utilized as an animal model of 

depression to explore the potential antidepressant effect of GPR55 agonist and electroacupuncture 

(EA). Several behavioral tests i.e. forced swimming test, open field test and elevated plus maze 

were performed to evaluate the depressive- and anxiety-like behaviors in mice. Expression of 

GPR55, hippocampal neuroinflammation, and neurogenesis were detected using 

immunohistochemistry, western blot and RT-PCR. Then, the effect of a GPR55 agonist, O-1602 

on depressive- and anxiety-like behaviors as well as hippocampal neuroinflammation and 
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neurogenesis was examined. Furthermore, EA, a common therapy for depression in China, was 

administered to defeated mice for 3 weeks following CSDS. And the behaviors and hippocampal 

neuroinflammation and neurogenesis were also subsequently evaluated. 

Results: CSDS induced depressive- and anxiety-like behaviors as well as hippocampal 

neuroinflammation and neurogenesis deficits, simultaneously, downregulated the protein level of 

GPR55 in hippocampus. GPR55 agonist, O-1602 remarkably blocked the development of 

depressive- and anxiety-like behaviors as well as hippocampal neuroinflammation and 

neurogenesis deficits induced by CSDS. Moreover, three-week EA treatment also improved the 

depressive- and anxiety-like behaviors induced by CSDS along with increasing GPR55 expression, 

inhibiting neuroinflammation, and facilitating neurogenesis, the latter two effects are similar with 

GPR55 agonist. 

Conclusion: Activation and up-regulation of GPR55 might be a potential treatment for depression, 

which might be correlated with its anti-inflammatory and subsequent neuroprotective effect and 

involved in the protective effect of EA against depression. 
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Abstract: Objective Increasing evidence has shown that let-7a microRNA may be involved in the 

regulation of neuroimmunity of depression. One of the main target gene of let-7a microRNA is 

mitogen-activated protein kinase phosphatase-1 (MKP-1) which was found to regulate the 

expression of inflammatory factors in the hippocampus of depressive-like rats. This study was done 

to investigate if let-7a microRNA participated in the pathogenesis of depression by regulating the 

MKP-1 gene in the hippocampus of depressive-like rats. Methods In Experiment 1, rats were 

subjected to chronic unpredictable stress for 35 days, following which depressive-like behaviors 

were measured via open field tests, forced swimming tests and sucrose preference tests. Expression 

of let-7a microRNA, MKP-1, and the pro-inflammatory cytokines (including IL-1β, IL-6, TNF-α) 

were assessed by western blot, or real-time PCR. In Experiment 2, rats received bilateral injections 

of Adeno-associated virus (AAV) into the hippocampus, to downregulate the expression of let -7a. 

After five weeks, depressive-like behaviors and molecular biological changes were assessed. 

Results The expression levels of let-7a microRNA in the hippocampus of depression model rats 

were significantly decreased while MKP-1 and proinflammatory cytokines IL-1β and IL-6 were 

increased. In addition, downregulation of let-7a microRNA in the hippocampus increased the 

expression of proinflammatory cytokines, including IL-1β and IL-6.  Conclusion let-7a could be 

involved in the pathogenesis of depression's neuroimmunity through mediating MKP-1 expression 

in the hippocampus. 

Keywords: Chronic unpredictable stimulus; let-7a; MKP-1; inflammatory factor; depression 
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Abstract Objective: We previously demonstrated that both running exercise and fluoxetine could 

reverse depression-like behavior. However, it is unknown whether exercise reverses depression-

like behavior more quickly than fluoxetine treatment does. If so, it is unknown whether this rapid 

effect of exercise occurs through promoting oligodendrocyte differentiation and/or myelination in  

the hippocampus. Method: The chronic unpredictable stress (CUS) mouse model accepted to a 4-

week running exercise trial (CUS + RN) or intraperitoneal injection of fluoxetine (CUS + FLX). 

Results: At the behavioral level, the CUS + RN group displayed significantly increased 

consumption of sucrose water in the sucrose preference test (SPT) at the end of the 7th week 

compared with the CUS group, while the CUS + FLX group displayed significantly increased 

consumption of sucrose water until the end of the 8th week. Unbiased stereological results and 

immunofluorescence analyses revealed that running exercise but not fluoxetine treatment could 

increase the number of CC1+ and CC1+/Olig2+/BrdU+ oligodendrocytes and reduce the number of 

PDGF+ and PDGF+/Olig2+/Dapi+ oligodendrocyte precursor cells. Moreover, running exercise 

rather than fluoxetine increased the myelin basic protein, and the g-ratio of the myelinated nerve 

fiber in the hippocampus of the CUS mice model. Conclusion: Unlike fluoxetine, exercise is able 



The 14th Annual Meeting of Chinese Neuroscience Society 

 

to promote oligodendrocyte differentiation and myelination in the hippocampus, which  might be a 

potential strategy for reversing depression-like behavior induced by CUS. 

Key words: Depression, Exercise, Hippocampus, Oligodendrocyte, Stereology 
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Abstract：Objective Depression is a common and important cause of morbidity and mortality 

worldwide, which is commonly treated with antidepressants. Recently, increasing evidences show 

that exercise can effectively improve depression. To determine the effectiveness of exercise in the 

treatment of depression compared with the classic antidepressant, fluoxetine, we designed this 

experiment. Methods Sucrose preference test, forced swimming test (FST), tail suspension test 
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(TST), immunohistochemistry, immunofluorescence technique and stereological analyses to clarify 

the difference of therapeutic effect and the mechanisms of exercise and fluoxetine in depression 

treatment. Results (1) Exercise improved the sucrose preference of the CUS-induced depression 

mice earlier than fluoxetine. And exercise can reduce the immobility time of FST and TST, while 

fluoxetine only reduced the immobility time of TST. (2) The depression mice exhibited an 

increasing in immature neurons and decreasing in mature neurons. Running can reduce the 

immature neurons and increase the mature neurons. While, no increase in mature neurons was 

observed after fluoxetine treatment. (3) Exercise can increase the dendritic spines in CA1, CA3 and 

DG of hippocampus, whereas fluoxetine can only increase the spines in DG. Conclusion Exercise 

can improve depressive symptoms earlier and more comprehensively than fluoxetine by promoting 

the maturation of newborn neurons and regulate the neuroplasticity. 

Key words: Depression; Exercise; Fluoxetine; Newborn Neuron; Neuroplasticity 
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Abstract: Objective： Autism (ASD) is a neurodevelopmental disorder characterized by social 

interaction disorder, narrow range of interest and repetitive stereotyped behavior. At present, the 

etiology of ASD is unclear and there is no cure. Therefore, it is urgent to study the  etiology and 

pathogenesis of ASD and find effective treatment. Recent studies have shown that the mechanism 

of autism is related to the abnormal formation of synaptic adhesion. Particularly, neuroligin (a 

neuro-adhesion molecule) gene mutation is associated with autism. In addition, the Ganoderic acid 

A(GAA)，an effective component of the Chinese herb Ganoderma lucidum，plays an important 

role in anti-oxidative stress, anti-inflammation, liver protection, improvement of learning and 

memory ability. However, the effect of GAA on autism has not been reported. The aim of this study 

was to explore the effect of GAA on autism and its detailed mechanism. 

Methods： A rat model of autism was established by injecting valproic acid (VPA) into rats during 

pregnancy, and their offspring suffered from autism. The autistic rats were treated with low, 

medium and high doses of GAA for 7 days in the neurodevelopmental window (starting from 25 

days after birth). Then, 3-Chambered Social Test was conducted to study the effect of GAA on 

social behavior of the autistic rat model. In addition, after GAA treatment for 7 days, the prefrontal 

cortex of the rats were collected for Western blotting to study the effect of GAA on the neuro-

adhesion molecule expression and synaptic formation in autistic animal model. 

Results： (1) GAA improved autism related social behavior. In the three box social interaction 

experiment, compared with autistic rats, GAA-treated rats spent more time around the cage with 

new rats (P < 0.05) and less time in contact with the cage without rats (P = < 0.05). These results 

suggest that GAA has a significant therapeutic effect on autism. (2) Western blot showed that the 

expression of synaptic cell adhesion proteins NLGN3, NLGN4 and L-CAM in prefrontal cortex of 

autistic rats decreased significantly compared with the control group, while GAA treatment 

significantly rescued the decrease of adhesion molecule NLGN3, NLGN4 and L-CAM. 

Conclusion： GAA demonstrated a strong anti-autistic effect by enhancing social behavior. The 

molecular mechanism may involve in enhancing synaptic adhesion and formation. 

Keywords: autism, ganoderic acid A, synaptic cell adhesion protein 
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Abstract: Objective Running exercise has been shown to alleviate depressive symptoms, but the 

mechanism of its antidepressant effect is still unclear. A growing body of evidences demonstrated 

that changes in hippocampal astrocyte were closely associated with depression. However, the 

effects of running exercise on astrocytes in the hippocampus of depression have not been 

investigated. The present study was to explore whether hippocampal astrocyte is crucial to the 

mechanism of antidepressant effect of running exercise. Method Adult male rats were subjected to 

chronic unpredictable stress (CUS) for 5 weeks followed by running exercise for 6 weeks. The 

sucrose preference test (SPT) was used to assess anhedonia of rats. Immunohistochemistry and 

modern stereological methods were used to precisely quantify the hippocampal volume and the 

total number of glial fibrillary acidic protein (GFAP)+ cells in each hippocampal subregion, and 

immunofluorescence was used to quantify the density of bromodeoxyuridine (BrdU)+ and GFAP+ 

cells in each hippocampal subregion. Results (1) Running exercise alleviated CUS-induced deficit 

in sucrose preference and hippocampal volume decline. (2) Running exercise reversed CUS-
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induced decrease in the number of GFAP+ cells and the density of BrdU+/GFAP+ cells in the 

hippocampal CA1 region and dentate gyrus (DG). Conclusion Running exercise alleviates 

depressive symptoms and protects hippocampal astrocytes and newborn astrocytes in depressed 

rats.  

Keywords: Depression; Running exercise; Hippocampus; Astrocyte; Stereology  
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Abstract: Major depression disorder (MDD) is one of the most severe mental diseases, which is 

difficult to treat by conventional pharmacotherapies. Electroconvulsive therapy (ECT) is widely 

considered as an effective and fast-acting option for treating patients with MDD. However, the 

neural basis underlying this powerful therapy remains uncertain. Recent studies have suggested that 

the healthy brain may operate near the critical state, which can be diagnosed by scale-free 

spatiotemporal cascades of brain activities called neuronal avalanches. It has been found that 

deviations from criticality may be linked with specific brain diseases such as schizophrenia or 

epilepsy. Therefore, in the present study, we aimed to investigate whether there is any change 

regarding criticality in MDD patients and whether ECT has an effect on resorting it. To this end, 

we investigated the neural mechanism of ECT treatment by using an MDD resting-state fMRI 

dataset, which contained 41 MDD patients (two sessions, before and after the ECT treatment) and 

38 healthy controls (HC, two sessions without ECT treatment). Comparing with HC, MDD patients 

had smaller avalanches and lower branching ratios, which might be considered as signatures of sub-

criticality. Furthermore, we found that these differences could be eliminated by ECT treatment. 

Moreover, ECT significantly enhanced the degree centrality and parameters of neuronal avalanches 

involving brain hubs that were mainly located in the default mode network (DMN) in MDD patients. 

Our results indicate that ECT can modulate the cortical states of MDD patients and make it closer 

to criticality, which may be related to the increased degree centrality of brain hubs located in the 

DMN. Our study shed new light on the pathogenesis of MDD and the mechanism of ECT from the 

perspective of critical brain dynamics. 

Keywords: Major depression disorder; Electroconvulsive therapy; Criticality; Neuronal avalanches; 

Degree Centrality 
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Abstract: Objective To investigate the effect of running exercise on the oligodendrocyte precursor 

cells in hippocampus of depression model rats in order to further explore the celluler mechanism 

of depression and the antidepression of running exercise. Methods In the present study, the 

Sprague-Dawley rats were adminstered 7-week chronic unpredicted stress and following 6-week 

running exercise. After the behavioral tests, immunohistochemistry staining, immunofluorescence 

technique and stereological quantification of the oligodendrocyte precursor cells of hippocampus 

in three groups were done, respectively. Results (1) Before the chronic unpredicted stress schedule, 

there was no significant difference in sucrose preference between the unstressed control group and 

the depressed model group (p>0.05). Similarly, there were no significant differences in the 

parameters of the open field test including total route in the open field, the time spent in center area 

of the open field and the mean speed in the open field tast (p>0.05), between the unstressed control 

group and the depressed model group. (2) 7-week chronic unpredicted stress significantly reduced 

the sucrose preference in the depressed model group when compared to that in the unstressed 
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control group (p<0.05). In elevated plus maze test, the percentage of the number of the open arm 

entries and the percentage of the time spending in the open arms was significantly lower in the 

depressed model group than in the unstressed control group (p<0.05). However, the total number 

of arm entries on the elevated plus maze test was not significantly different between the unstressed 

control group and the depressed model group (p>0.05). (3) The stereological results showed that 

the total number of the olig2+glia was significantly reduced in dentate gyrus, CA3 and CA1 

subregion of hippocampus of the depressed model rats, when compared to the unstressed control 

group (p<0.05). The total number of the NG2
+glia in dentate gyrus and CA3 subregion of 

hippocampus of the depressed model rats was decreased when compared to the unstressed control 

group (p<0.05). After double immunofluorescent staining, the olig2+/NG2
+ glia was significantly 

reduced in dentate gyrus, CA3 subregion and CA1 subregion of hippocampus of the depressed 

model rats when compared to the unstressed control group (p<0.05). (4) At the end of the exercise 

schedule, sucrose preference was significantly greater in the running model group than in the model 

control group (p<0.05). In elevated plus maze test, the percentage of the number of the open arm 

entries and the percentage of the time spending in the open arms were significantly increased in the 

running model group, when compared to those in the model control group (p<0.05). The total 

number of arm entries on the elevated plus maze test was not significantly different in the three 

groups (p>0.05). (5) The stereological results showed that the total number of the olig2+ glia in 

dentate gyrus, CA1 and CA3 subregion of the hippocampus of the running model rats was 

significantly increased when compared to that in model control group (p<0.05). The total number 

of the NG2
+ glia in dentate gyrus of the hippocampus of the running model rats was significantly 

increased when compared to that in model control group (p<0.05). After double immunofluorescent 

staining, the olig2+/NG2
+ glia in dentate gyrus, CA3 subregion and CA1 subregion of hippocampus 

of the running model rats were significantly increased when compared to that in model control 

group (p<0.05). Conclusions Running exercise-induced improvement of the oligodendrocyte 

progenitor cells in hippocampus might be an important reason for the antidepression of exercise, 

and these results might provide an important quantitative basis for further exploring the mechanism 

of depression and new efficient treatment of depression. 

Key words: Chronic unpredicted stress, Depression, Running exercise, Hippocampus, 

Oligodendrocyte progenitor cells 
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Abstract: Objective Suicide is one of the leading causes of juvenile death. Suicidal ideation (SI) 

is a strong predictor of suicide, while negative life events are associated with SI in adolescents . The 

aim of this study was to investigate the effect of negative life events on SI in a sample of Chinese 

college students. Methods A cluster sampling method was used. 7118 freshmen without SI were 

included at baseline, while 465 participants were lost to follow-up. Negative life events and SI were 

assessed by the Adolescent Self-Rating Life Events Check List (ASLEC) and self-reporting method, 

respectively. The PHQ-9 was used to measure depression at baseline. Results The incidence of 

suicidal ideation was 1.52% (95% CI: 1.22%- 1.81%). Negative life events increase the risk of SI. 

Two dimensions of negative life events, interpersonal relationship (OR=1.24, 95% CI: 1.16-1.33) 

and others (OR=1.24, 95% CI: 1.10-1.39), are the risk factors for SI. Consistently, interpersonal 

relationship (OR=1.26, 95% CI: 1.17-1.35) and others (OR=1.24, 95% CI:1.09-1.42) are the risk 

factors for SI in participants without depression and with mild depression. However, health 

adaptation (OR=1.50, 95% CI: 1.18- 1.92), the only dimension of negative life event, increases the 

risk of SI in participants with moderate, severe and extremely severe depression. Conclusion 
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Negative life events increase the risk of SI. Different dimensions of negative life events contribute 

to SI in participants with and without depression respectively.   

Keywords: negative life events; suicidal ideation; adolescents; depression 
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Abstract: Objective To investigate the effect of parental rearing styles on major depressive 

disorder (MDD) in Chinese college students. Methods 9,928 Chinese freshmen were recruited in 

2018. 7,550 college students completed both baseline and one-year follow-up survey. CIDI-3.0 was 
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used for the diagnosis of MDD. EMBU questionnaire and BDI-II were used to assess the parental 

rearing styles and baseline depressive symptoms. The association between parental rearing styles 

and MDD was analyzed by Logistic regression. Results The scores (mean±SD) of mother's 

emotional warmth and father's emotional warmth were 50.5±11.34 and 51.7±10.13, respectively, 

in new-onset MDD group, while they were 54.2±10.74 and 54.7±10.46, respectively, in non-MDD 

group. Mother's overprotection (OR=1.03, 95% CI: 1.00-1.06) and punishment (OR=1.06, 95% CI: 

1.02-1.10) increases the risk of MDD. Moreover, the risk of MDD is lower in mothers with junior 

high school education (OR=0.55, 95% CI: 0.38-0.79) and senior high school education (OR=0.57, 

95% CI: 0.36-0.89) groups than that in mothers with primary school education and below group. 

In addition, a harmonious relationship between parents reduces the risk off MDD (OR=0.43, 95% 

CI: 0.26-0.71). Conclusion Our results suggest that parental emotional warmth, mother's high 

educational level and a harmonious relationship between parents are protective factors for MDD, 

while mother's overprotection and punishment are risk factors for MDD. 

Key words: parental rearing style; major depressive disorder; college students. 

 

Back to top ↑ 

 

 

P-619 

Transcriptional factor Twist1 Promotes depressive-like behaviors 

via miR-214 targeting PPAR-δ 

Abstract: Depression is common among people who have chronic illness such as cancer. 

Depression has been shown to be predictive of cancer progression, which is promoted via epithelial-

mesenchymal transition (EMT) through high expression of Twist1, a helix-loop-helix transcription 

factor. However, the role of Twist1 in the brain and whether it involves in the pathophysiology of 

depression remain poorly understood. We showed here that chronic stress elevated Twist1 

expression in the medial prefrontal cortex (mPFC) of mice, which was reversed by fluoxetine 

treatment. While overexpression of Twist1 increased susceptibility to stress, knockdown of Twist1 

normalized defective dendrite morphogenesis in layer II/III pyramidal neurons of the mPFC and 

alleviated depressive-like behaviors. Mechanistically, this pro-depressant property of Twist1 was 
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mediated in part through repression of miR-214-peroxisome proliferator activated receptor δ 

(PPAR-δ) signaling and mitochondrial function. In addition, we further demonstrated that the 

subcutaneous inoculation of 4T1 breast cancer cells (4T1) potentiated depressive-like behaviors in 

mice through inducing a high expression of Twist1 in the mPFC and cancer cells. These findings 

identify Twist1 in the mPFC as a critical mediator of the altered neuronal morphology and 

depressive-like behaviors induced by chronic stress and 4T1 cells inoculation, providing a potential 

therapeutic target in depression, especially the cancer-induced depression (CID). 
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Abstract: Objective：Major depressive disorder (MDD) is a recurrent disabling mental disease, 

which is closely related to chronic inflammation. One of its characteristics is abnormal tryptophan 
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level and tryptophan metabolic pathway. Tryptophan and its metabolites can activate aryl 

hydrocarbon receptor (AHR) and inhibit the function of inflammasome. We therefore hypothesized 

that norisoboldine (NIB) could activate AHR to achieve the antidepressant effect.   

Methods： First of all, we tested L-Tryptophan and N-Acetyl-D-Tryptophan levels in depression 

patients compared to normal control using plasma metabolomics analysis. The inclusion criteria for 

the patients were outpatients aged between18 and 65 years and met DSM-IV criteria for MDD using 

Chinese version of the Mini International Neuropsychiatric Interview (MINI) according to a clinical 

interview by the experienced research psychiatrists. Moreover, the tryptophan levels in the 

hippocampal tissue from normal and chronic social defeat stress (CSDS) were determined by 

metabolomics analysis. Then, behavioral tests were performed to determine the antidepressant 

effects of NIB. Tail suspension test was conducted 60 minutes after intraperitoneal injection of 

different doses of NIB (2mg/kg, 5mg/kg). After 5-day injections, we performed forced swimming 

test and open field test. Then the protein samples after 1 hour treatment and 5 days of treatment 

were collected and the expression of AHRs in the prefrontal cortex was measured through Western 

blots.  

Results： We found that: (1) The plasma levels of N-Acetyl-D-Tryptophan and L-Tryptophan were 

decreased in depression patients compared to normal controls. (2) Metabolomics analysis showed 

that L-tryptophan content was significantly decreased in hippocampal tissues from CSDS 

depression phenotype mice. (3) Immobility time in tail suspension test was effectively reduced after 

one injection of high-dose NIB, suggesting an antidepressant effect. (4) After 5 days of injection 

with high-dose NIB significantly lowered the immobility time in forced swimming test. (5) The 

total travelling distance in open field test showed no significant difference compared with the 

control. (6) The expression of AHR levels in the prefrontal cortex was significantly increased after 

5 days of treatment.  

Conclusions： The plasma levels of N-Acetyl-D-Tryptophan and L-Tryptophan were lower in 

depression patients compared to normal controls. In the hippocampal tissues from CSDS depression 

phenotype mice L-tryptophan content was also significantly decreased. NIB may be an effective 

treatment for depression via increasing the expression and activating its receptor AHR. 

Keywords: Norisoboldine; aryl hydrocarbon receptor; Major depressive disorder 
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Abstract: Objective Negative cognition is a core symptom of depression. Negative memory bias, 

appearing as “positive memory is forgetful while negative memory is unforgetful”, contributes to 

the depressed manner. But, the underlying molecular mechanisms in negative memory bias remain 

unclear. Hippocampal Rac1 activity plays a crucial role in forgetting. However, whether 

hippocampal Rac1 activity regulates negative memory forgetting in depression is unknown. This 

study aims to investigate whether and how hippocampal Rac1 activity participates negative memory 

bias in depression. Methods (1) Different degrees of negative memory models were developed by 

forced swimming in mice. The expression of hippocampal Rac1 activity was detected by q-PCR 

and western blot, and the relationship between different negative cognition and Rac1 activity  was 

then set up. (2) Administration of Rac1 activator CN04 into hippocampus in mice with strong 

negative memory or inhibitor Ehop016 in mice with mild negative memory to observe if depressive 

behavior was alleviated or aggravated. (3) To investigate the effects of Rac1 activity on 

hippocampus synaptic function, the expressions of postsynaptic density protein-95 (PSD95), 

glutamate receptor NMDA (Glu2A, Glu2B) and AMPA (GluA1) in hippocampus was detected. (4) 

Negative memory bias was further explored in fear memory (negative memory), social memory 

(positive memory) and anxiety behaviors. Results (1) Negative memory correlated to the 

hippocampal Rac1 activity negatively. (2) Stronger negative memory leads to higher anxiety. 
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Conclusion Hippocampal activation of Rac1 regulates the negative memory in depression, which 

will be a potential therapeutic target for depression. 

Keywords: Depression; negative memory; forgetting; Rac1; synaptic; hippocampus 
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ABSTRACT OBJECTIVE: Angiotensin-converting enzyme inhibitors (ACEIs) are prescribed 

antihypertensive drugs. ACEIs have positive effects on mood in hypertensive patients and 

potentially suggest a new therapeutic inroad to depression treatment. However, the mechanism 

mediating these effects has not been clear. METHODS:  Behavioral tests, biochemical assays and 

immunohistochemistry to examine the effect and mechanism of captopril on depressive-like 

behavior induced by chronic unpredictable stress and social defeat.  RESULTS: Captopril crossed 

the blood-brain barrier and exerted clear and rapid antidepressant-like effects in mice treated under 

the chronic unpredictable stress model and mice treated under the chronic social defeat stress model. 
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Strikingly, neither a renin inhibitor nor pharmacological reduction of angiotensin II produced these 

antidepressant-like effects. This antidepressant effect dependent on the bradykinin (BK) system. 

The downstream effector of BK, Cdc42 (cell division control protein 42), acts via mTORC1 

(mammalian target of rapamycin complex 1) activation to mediate behavioral effects of captopril. 

CONCLUSIONS: Our findings indicate that the BK-dependent activation of mTORC1 may 

represent a promising mechanism underlying antidepressant pharmacology.  

Keywords: Angiotensin-converting enzyme inhibitor, Bradykinin, Captopril, Cdc42, depression, 

mTORC1 
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Abstract: Objective Prolonged or excessive stress can cause inadaptability and increase the risks 

of psychiatric disorders, such as depression. There is considerable evidence that low extracellular 

ATP levels may contribute to the pathophysiology of major depression disorder (MDD). And its 

hydrolase ectonucleotide tri(di)phosphohydrolase (ENTPD) can regulate the concentration of 

extracellular ATP. However, the role of ENTPD in depression is still poorly understood. Methods 

mailto:chenjg0428@163.com


The 14th Annual Meeting of Chinese Neuroscience Society 

 

Depressive-like behaviors in C57BL/6J mice were developed by chronic social defeat stress(CSDS). 

Genetic and pharmacological approaches were used to investigate the role of CD39 in depressive -

like behaviors. Molecular biological and morphological studies were performed to define the 

mechanisms of CD39.Results (1) The expression and activity of CD39 in hippocampus can be 

enhanced by CSDS in mice. (2) Apyrase, a functional analog of CD39, also induces depression-

like behavior, which can be improved when ATP supplementation is administered . (3) 

Pharmacological inhibition and gene silencing of CD39 showed antidepressant effects by 

increasing extracellular ATP concentration in the hippocampus, as well as increasing hippocampal 

neurogenesis and the number of dendritic spines in defeated mice. Conclusion CD39 contributes 

to CSDS-induced depression-like behavior by promoting extracellular ATP hydrolysis, which 

indicates that CD39 may be a potential new target for the treatment of depression and contributes 

to the understanding of the pathological process of depression. 

Keywords: CD39/ENPTD1; CSDS; ATP; neurogenesis; spine 
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Abstract: Anxiety is one of the most prevalent psychiatric presentations in our stressful modern 

life. Intriguingly, anxiety patients show enhanced cerebellar activity, indicating an involvement of 

the cerebellum, a classical subcortical motor structure, in the pathophysiology of psychiatric 

anxiety disorders. However, the role of the cerebellum in anxiety regulation and its underlying 

neural mechanisms are still largely unknown. In the present study, using ELISA, 

immunofluorescence staining, neuronal circuit tracing, multi-channel recording, as well as genetic, 

pharmacological, optogenetic, and chemogenetic manipulations combined with behavioral tests, 

we investigate the role of corticotropin-releasing factor (CRF) afferent system in the cerebellar 

nuclei, the final output of the cerebellum, in the stress-related anxiety. We find that cerebellar 

nuclei receive direct CRFergic projections from the inferior olivary nucleus (IO) rather than from 

the hypothalamic paraventricular nucleus and the central nucleus of the amygdala. Chronic 

unpredictable mild stress (CUMS) induces a significant increase in the c-Fos expression and single-

unit firing of IO CRFergic neurons. Optogenetic or chemogenetic activation of the IO CRFergic 

neurons produces anxiogenic behaviors. Although CRF is often co-existed with glutamate in a 

majority of IO neurons, CUMS leads to a remarkable elevation of CRF instead of glutamate levels 

in the cerebellar nuclei. Moreover, genetic knockdown or pharmacological blockade of CRF 

receptors in the cerebellar nuclei remarkably prevents and alleviates the CUMS-induced anxiety-

like behaviors, whereas blockage of glutamatergic inputs in cerebellar nuclei had no impact on 

anxiety-like behaviors. These results suggest that the CRFergic IO-cerebellar nuclei circuit may 

respond to stress and contribute to the development of anxiety, and suppression of the cerebellar 

nuclear CRFergic afferent system may promote stress resilience and ameliorate anxiogenic 

behaviors. The findings define a previously unknown role for the cerebellum in anxiety regulation 

and provide new insight into the treatment of anxiety.  
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Abstract  

Background: Previous studies on the resting-state electroencephalography (EEG) responses in 

depression suggest as potential biomarkers for early detection and diagnosis for depression. 

However, these studies ignored the correlation between resting-state EEG microstates and early 

detection of depression. Given that EEG microstates analysis is one of the whole brain imaging 

approaches that could characterize the spatial organization and temporal dynamics of large-scale 

cortical activities with high temporal resolution, we aim to explore the possible association between 
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resting-state EEG microstates parameters and potential depression among college students in 

present study. 

Methods: Twenty-six undergraduates with depressive tendencies (17 females; mean age = 20 years, 

SD = 1.7 years; ranged from 18 to 23 years) and 26 age- and sex-matched controls were recruited. 

The psychometric evaluation included the Beck Depression Inventory-II (BDI-II) and the Beck 

Anxiety Inventory (BAI). EEG recordings were performed during 5 minutes of resting state by a 

64-channel system and analyzed through microstates analysis.  

Results: We found an increased presence of microstate B with longer duration, higher occurrence 

and more time coverage in depression group compared to controls. Moreover, the occurrence and 

time coverage of microstate B were positively correlated with the BDI scores.  Additionally, 

individuals with depressive tendencies tend to transit from microstate B to C and from microstate 

C to B significantly more than controls, but lower in transition from microstate C to D and from 

microstate D to C.  

Conclusion: The significant increase in microstate B correlated with depressive tendencies might 

be in line with that microstate B was associated with the parietal and occipital-parietal areas of 

spatial-visualization and verbalization. The increase in the coverage of microstate B and its positive 

correlation with the tendency of depression, which could be potential biomarkers for early detection 

and timely treatment of depression. 

Key words: EEG microstates, Depressive Tendencies, Temporal dynamic, Transition probabilities, 

Beck’s cognitive model of depression 
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Abstract: Objective Liver X receptors (LXRs), including LXRα and LXRβ isoforms, have been 

demonstrated to be novel targets of antidepressants that reverse depressive behaviors. However, 

the potential therapeutic mechanisms by which LXR agonists ameliorate depressive behaviors are 

still unclear. LXRs are closely related to changes in oligodendrocytes. The current study 

quantitatively investigated the effects of an LXR agonist (GW3965) on hippocampal 

oligodendrocytes and the myelin sheath in mice with depression induced by chronic unpredictable 

stress (CUS).  Methods Behavioral tests were executed to detect the effects of the LXR agonist, 

and oligodendrocytes at different stages were quantified in different hippocampal subregions using 

immunohistochemistry and immunofluorescence. Myelin basic protein (MBP) intensity was also 

measured by using immunofluorescence in the cornu ammonis 3 (CA3) region. Results We found 
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that depressive-like behaviors were improved after LXR activation. In addition, reductions in the 

numbers of newborn and mature oligodendrocytes in the hippocampal subregions and the intensity 

of MBP expression in the CA3 were ameliorated by treatment with the LXR agonist. Conclusions 

Our results suggest that improvement of oligodendrocyte differentiation and maturation and 

enhancement of the myelin sheath may be structural mechanisms by which the examined LXR 

agonist reverses depressive-like behaviors in CUS model mice.  

Keywords: Liver X receptors; Depression; Chronic unpredictable stress; Oligodendrocyte;  CA3 
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Abstract: Objective the ability to down-regulate negative emotion is vital to goal attainment and 

well-being. A growing body of literature has been discovered about the neural mechanism of 

anticipation in emotion regulation. Yet, little is known about how anticipation affects the intensity 

and time course of emotion regulation. The present study aimed to investigate this potential 

relationship with the EEG recording. Methods fifty healthy undergraduates performed the 



The 14th Annual Meeting of Chinese Neuroscience Society 

 

emotional regulation task while providing the emotion experience ratings (25 for no anticipation 

group, 25 for anticipation group). Images were grouped into four experimental conditions: watch 

neutral, watch negative, reappraisal neutral, reappraisal negative. Results (1) Analysis of the cue-

locked epochs showed that reappraisal cue, relative to watch cue, would result in enhanced centro-

frontal P300. Also, reappraisal and watch cue, relative to no cue, would result in enhanced P300. 

(2) To delineate the down-regulating effect on LPP in the picture-locked epochs, we compared 

reappraisal negative condition to watch negative condition in two groups across each time segment. 

We found that the down-regulating effect lasted approximately from 700 ms following picture onset 

to 2300 ms in the anticipation group. For the anticipation group, the down-regulating effect lasted 

approximately from 700 ms to 2300 ms. Conclusion These findings indicate that participants will 

form the anticipation guided by the cue and recruit the appropriate attention resource to prepare for 

the task depending on the degree of difficulty. Moreover, anticipation can accelerate the start of the 

regulation effect and shorten the duration of the regulation effect.     

Keywords: Anticipation; emotion regulation; LPP; P300 
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Abstract: Orexin is a neuropeptide mainly synthesized in the lateral hypothalamus/perifornical 

area and has been traditionally implicated in feeding, sleep-wake cycles, and reward. Intriguingly, 

patients with anxiety have increased levels of orexin in the cerebrospinal fluid. Pharmacological or 

genetic manipulation of orexin receptors affects anxiety-like behaviors in rodents, suggesting an 

involvement of the orexin signaling in the regulation of anxiety. Yet, the neural substrates involved 

remain largely unknown. The nucleus accumbens (NAc) shell holds a key position in the 

modulation of anxiety-related behaviors. Therefore, in the present study, by using 

neuropharmacology, molecular approaches and behavioral tests in rats, the role of orexin/orexin 

receptors in the NAc shell on the anxiety-like behaviors was investigated. We found that 

microinjection of orexin-A into the NAc shell induced an anxiogenic-like effect. 

Immunofluorescence showed that the orexin 2 receptor (OX2R) is expressed and distributed in the 

NAc shell neurons. Activation of OX2R mimicked the anxiogenic effect of orexin-A. Moreover, 

infusion of an OX2R antagonist had no effect on anxiety-like behaviors in normal rats, but reversed 

anxiogenic effect induced by restraint stress. Finally, we found that downregulation of OX2R in 

the NAc shell caused an anxiolytic-like effect in restraint stress rats, which was consistent with the 

pharmacological results. Together, this study suggests that OX2R in the NAc shell is involved in 

the regulation of anxiety, and raises the possibility that OX2R antagonist may serve as an effective 

mean to treat anxiety disorders. 

Keywords: Orexin; Orexin 2 receptor; Nucleus accumbens; Restraint stress; Anxiety.  
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Abstract: Objective By analysing the phase-amplitude coupling (PAC) of multichannel local field 

potentials (LFPs) from the medial prefrontal cortex (mPFC) and the basolateral amygdala (BLA) 

which are brain regions responsible for the exploratory behavior disorder in the open field test of 

depressed rats, the damage mechanism in the mPFC-BLA circuit of depressive disorder is 

researched. Methods Twenty male Sprague Dawley (SD) rats were randomly divided into a normal 

control group and a depression model group. The depression model group rats were prepared using 

the chronic unpredictable mild stress (CUMS) method and verified by the open field test, sucrose 

preference test and forced swimming test. Multichannel in vivo recording technology was used to 

obtain the 16-channel LFP from mPFC and BLA during the open field exploratory behavior of two 

groups. The modulation index (MI) was calculated to quantified the strength of the PAC between 

two brain regions. Results (1) Compared with the normal control group, the total distance traveled 

(P<0.01) and the number of upright stands in the open field (P<0.01) of depression model group 

were both significantly decreased, as well as the preference for sugar water was substantially 

declined (P<0.01), while the suspended immobility time of forced swimming was significantly 

prolonged (P<0.001). (2) In both groups of rats, there was strong coupling between the phase of 

theta frequency band (4-12Hz) in mPFC and the amplitude of high-gamma frequency band (70-

120Hz) in BLA, and the coupling in the depression model group was significantly lower than the 

normal control group (peripheral area in open field: P<0.001; central area in open field: P <0.001). 

Conclusion The depressive rats have exploratory behavior disorder, and the modulation ability of 

theta band phase in mPFC to gamma band amplitude in BLA reduces in depressed rats, suggesting 

the damage mechanism of PAC in mPFC-BLA circuit of depression exploratory behavior disorder.  

Keywords: Depression; medial prefrontal cortex; basolateral amygdala; local field potential; 

phase-amplitude coupling 
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Abstract: Objective Autism spectrum disorder (ASD) is a highly heritable neurodevelopmental 

disorder characterized by deficits in social interactions and repetitive behaviors. Although hundreds 

of ASD risk genes, implicated in synaptic formation, transcriptional regulation, and chromatin 

remodeling, have been identified, the genetic analysis on east Asian ASD cohorts in the whole-

geome or whole-exome level is still limited. Here we performed whole-exome sequencing on 168 

ASD probands with their unaffected parents of Chinese origin. Methods We applied a joint calling 

analytical pipeline based on GATK best practices and identified numerous de novo variants 

including single nucleotide variants (SNVs) and insertion or deletions (INDELs). Results By 

querying the Simons foundation autism research initiative (SFARI) gene database, we found tha t 

there were potential novel ASD risk genes in East Asian cohorts, which did not exist in European 
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American populations. Furthermore, our analysis pipeline identified de novo copy number 

variations (CNVs) of known ASD-related gene based on a sufficiently large sample size, validated 

by quantitative PCR. Conclusion Our work indicated that there may be differences in potential 

ASD genetic components existing across different geographical populations, suggesting that 

genomic analysis over large cohorts are required for each population in order to precisely identify 

ASD risk genes. 

Keywords: Autism spectrum disorder; Whole-exome sequencing; Joint calling; Copy number 

variations 
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Abstract: Objective Depression has long been regarded as a risk factor of Alzheimer’s disease. 

However, the precise mechanism remains unclear. NLRP3 inflammasome is a multi-protein 

complex of the innate immune system and serves as an upstream regulator of the IL-1β signaling 

pathway. A growing number of evidence demonstrates that NLRP3 inflammasome plays an 
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important role in the development of depression and multiple of neurodegenerative diseases. Our 

aim is to explore the role of NLRP3 inflammasome in the depression as a risk factor of Alzheimer ’s 

disease. Methods We used MCC950, an NLRP3 inflammasome specific inhibitor, to explore the 

role of NLRP3 inflammasome in chronic unpredictable mild stress (CUMS) induced depression 

mouse model. Antidepressant fluoxetine served as a positive control. Results Both MCC950 and 

fluoxetine effectively reversed CUMS-induced depressive-like behaviors, including decreased 

sucrose preference and increased immobility time in the tail suspension test. In addition, MCC950 

markedly improved the cognitive function of CUMS group mice. However, fluoxetine had no effect 

on the recovery of cognitive function. Both treatment reduced the level of p-tau Ser202, while only 

MCC950 decreased the high expression of Tau5 and p-tau Ser396 in the CUMS model. Conclusion 

These data further proved that chronic stress contribute to the incidence of depression. NLRP3 

inflammasome-signaling pathway mediated the risk of chronic stress as a risk factor of Alzheimer’s 

disease. 

Keywords: NLRP3 inflammasome; chronic stress; Alzheimer’s disease; MCC950 
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Abstract: Objective: Chronic stress can cause depression in susceptible individuals; however, the 

underlying mechanisms remain elusive. Methods: The expression of brain-derived neurotrophic 

factor (Bdnf) exon I, II, III, IV and VI-containing transcripts and histone modifications at individual 

Bdnf promoters in the hippocampus were evaluated in the chronic social defeat stress (CSDS) and 

chronic unpredictable stress (CUS), which are the most widely used animal models of depression. 

Results: (1) Both CSDS and CUS mice were separated into stress-susceptible and resilient 

subgroups based upon their social interaction ratios and sucrose preference ratios, respectively. (2) 

While CSDS decreased expression of total Bdnf mRNA in the hippocampus of both susceptible and 

resilient groups, only susceptible CUS mice showed reduced total mRNA levels. CSDS and CUS 

mice displayed distinct patterns of expression of exon-specific Bdnf transcripts and histone 

acetylation and methylation at their corresponding promoters. (3) Deletion of Bdnf specifically in 

the hippocampal dentate gyrus increased behavioral susceptibility to subthreshold CUS in a sex-

specific manner. Conclusion: These results suggest that histone modifications of the Bdnf gene 

may underlie differential expression of exon-specific Bdnf transcripts and stress susceptibility in 

the CSDS and CUS models of depression. 
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Abstract: Objective Electroacupuncture (EA) is widely used in the treatment of abdominal pain 

and diarrhea caused by inflammatory bowel disease (IBD), whether EA can relieve pain-related 

anxiety of IBD and the underlying mechanism remains unknown. We previously demonstrated that 

peripheral A1R and A2aR were involved in the analgesic effect of EA on mechanical 

hypersensitivity in mice with IBD. The present study is to explore whether central adenosine A1R 

and A2aR participate in analgesic and anxiolytic effect of EA on IBD mice. Methods The C57BL/6 

mice were perfused with TNBS via rectal lumen to imitate colitis. On the second day after enema, 

the mice were treated with EA or sham EA at bilalateral Dachangshu (BL25) for 7 consecutive 

days. Von Frey filaments and colorectal distension were used to detect mechanical and visceral 

pain sensitivity. Elevated plus maze and open field test were used to measure anxious behavior. 

Western blotting was used to test the expression of A1Rs, A2aRs and IL-1β in mPFC and vHPC. 

Immunofluorescence was used to test the co-labeling of neurons and A1R, microglia and A2aR. 

Injection of A1R or A2aR shRNA into mPFC and vHPC to detect the above-mentioned pain and 

anxiety behaviors. Results (1) EA significantly increased A1R and decreased A2aR and IL-1β 

expression in vHPC and mPFC. (2) EA significantly reduced mechanical hypersensitivity, visceral 

hypersensitivity and anxiety behavior of IBD mice. (3)Injection of A1R or A2aR shRNA into mPFC 

and vHPC signicantly reversed the anxiolytic effect of EA, but had no effect on analgesic effect of 

EA. Conclusion EA was an effective method for the treatment of visceral pain related anxiety 

caused by IBD, and central adenosine A1R and A2R positively and negatively regulated the 

anxiolytic effect of EA respectively.  

Keywords: IBD; A1R; A2aR; visceral pain; EA; anxiety 
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Abstract: Objective Catechol-O-methyltransferase (COMT) is one of major enzymes involved in 

the metabolism of catecholamines and is considered a candidate for several psychiatric disorders. 

Tolcapone, an inhibitor of COMT, was shown to change dopamine (DA) levels and affect myelin 

oligodendrocyte glycoprotein (MOG) expression in prefrontal cortex (PFC) while induced 

schizophrenia-like behaviors in mice in a previous study. The aim of this study was to further 

demonstrate the concurrent changes in DA and white matter and explore the possible involvement 

of mitochondria in these events. Methods COMT-KO mice were created and confirmed in the 

absence of COMT expression. Behaviors of COMT-KO and wild type mice were assessed by open-

field, Y-maze, elevated-plus maze, and social interaction tests before sacrifice. DA levels in PFC 

and caudate putamen (CPU) of mice were measured by ELISA, mRNA levels of dopamine 

transporter (DAT),  dopamine receptor 1 (DAR1) and dopamine receptor 2 (DAR2) in the two brain 

regions were evaluated by RT-PCR, protein levels of monoaminoxidase-A (MAO-A), 

monoaminoxidase-B (MAO-B), and myelin basic protein (MBP) were assessed by Western blot, as 

well as ATP and ROS levels were analyzed biochemically. In addition, the white matter of mouse 

brain was quantitatively evaluated following immunohistochemical staining using the antibody 

against GST-pi to label mature oligodendrocytes and the antibody against MBP to label myelin 

sheath. Results (1) Compared to wild type mice, COMT-KO mice moved longer distances on the 

open field (TD) and the central part (CD) of it, with a higher ratio of CD/TD in the open field test, 

indicating a higher locomotor activity but a lower anxiety level, which is in line with the 
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performance of the mice in the elevated-plus maze test, i.e., COMT-KO mice spent more time on 

open arms but less time in closed arms compared to wild type mice. Unlike wild type mice, COMT-

KO mice were unable to distinguish an empty cage from the same cage containing an unfamiliar 

conspecific as evidenced by spending comparable amount of time in the two situations. In the Y -

maze test, however, mice in the two groups presented comparable behaviors. (2) Compared to the 

wild type mice, COMT-KO mice showed a lower DA level in CPU where mRNA levels of DAR2 

and DAT were down-regulated. In PFC, the decrease in DA level of COMT-KO mice did not reach 

the pre-set significant level while mRNA level of DAR1 reduced significantly. (3) ATP level in 

CPU of COMT-KO mice reduced significantly relative to wild type mice while the decrease did 

not reach the preset significant level. Interestingly,  COMT-KO mice showed a significant lower 

ROS level in CPU, bot not in PFC compared to wild type mice. (4) Western blot analysis showed 

lower levels of MAO-A and MAO-B in CPU, as well as lower MAO-B in PFC of  COMT-KO mice 

compared to wild type mice. Immunohistochemical staining revealed decreased numbers of mature 

oligodendrocyte in both CPU and PFC of COMT-KO mice compared to wild type mice, as well as 

significantly lower MBP immunireactivity in CPU but not in PFC. Conclusion The results suggest 

a pivotal role of mitochondrial dysfunction in dopaminergic dysfunction induced white matter 

abnormality in COMT deficient mice. The concurrent behavioral alterations link these events to the 

pathogenesis of schizophrenia.  
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Abstract: Objective Oxytocin is an important neuroendocrine hormone with a variety of 

physiological regulation functions. It is currently attracting increasing interest among neuroscience 

researchers. Traditional oxytocin administration methods include peripheral intravenous injection 

and nasal spray. These have their own inherent shortcomings, which are essentially different from 

the natural production of oxytocin, and are not suitable for the current rapid development of brain 

science. Methods On the basis of the previous establishment of the neural c-MSS magnetic 

stimulation technology, we used c-MSS to act on the paraventricular nucleus and regulate the 

endogenous oxytocin production through magnetic action. Results The results of the experiment 

confirmed that c-MSS is safe for paraventricular nuclear magnetic stimulation, which can last up 

to 8 weeks. Magnetic stimulation can effectively regulate the secretion of oxytocin, and can 

significantly improve the social and bone metabolism behavior of mice. It was further discovered 

that paraventricular magnetic stimulation to promote the secretion of oxytocin can quickly improve 

the autism-like behavior of mice and provide a new physical therapy method for the treatment of 

autism. Interestingly, c-MSS stimulation of the paraventricular nucleus only regulates the secretion 

of oxytocin, but has no effect on vasopressin, which proves the accuracy of our stimulation strategy.  

Conclusion Breifly, this work provides a new selective stimulation technology for future brain 

science mechanism research, which has important basic research significance and clinical 

application value for neuroendocrine research in the deep brain.  

Keywords: Magnetic stimulation; SPIO nanoparticles; Oxytocin; Postmenopausal osteoporosis; 
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Abstract: Post traumatic stress disorder (PTSD) is the serious psychiatric disorder featured with 

hyper-response to environmental cues as well as the associated depressive and cognitive 

dysfunctions. According to the key roles of hippocampus for cognitive and emotional regulation, 

improving hippocampal functions particularly the hippocampal neural plasticity is the necessary 

pathway to attenuate the core symptoms of PTSD. The effects of the alternative therapies such as 

exercise and natural compounds to reduce PTSD symptoms and promote adult hippocampal 

neurogenesis have been widely demonstrated. However, what is the effects by combining the 

exercise with traditional Chinese medical compounds remain unknown. In current study, we 

evaluated the effects of catalpol, which showed the pro-neurogenic effects in previous report, in 

regulating exercise-mediated PTSD therapeutic effects. The behavioral results indicated that 

catalpol treatment promoted the effects of exercise to reduce the response of mice to dangerous 

cues, and simultaneously enhanced the antidepressant and cognitive protection effects. Moreover, 

by immunofluorescence we identified that catalpol promoted exercise-mediated hippocampal 

neurogenesis by enhancing the neural differentiation and mature neuronal survive. We further 

found that the promote effects of catalpol to exercise induced environmental hyper-response, 

antidepressant effects and cognitive protective effects were all compromised by blocking 

neurogenesis with temozolomide (TMZ). This result indicates that hippocampal neurogenesis is 

prerequisite for catalpol to promote exercise-mediated brain functional improvement in PTSD 

model. In conclusion, our research identified the new function of natural compounds catalpol to 
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promote the exercise mediated brain functional changes in PTSD model, which depend on its 

promoting effects to adult hippocampal neurogenesis.  

Key words: Catalpol; Exercise; PTSD; Hippocampal neurogenesis 
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Abstract: Objective The brain age gap is defined as the difference between predicted brain age 

and chronological age, which is a potential biomarker for many neurodevelopmental and 

degenerative diseases such as schizophrenia. However, the current machine learning-based brain 

age prediction method could not make full use of the complex spatial features of the brain, and the 

brain age gap in different stages of schizophrenia remains unknown. Methods The 3D-CNN model 

mailto:ericfee@ustc.edu.cn


September 16-19, 2021 Chongqing 

was built and trained based on the healthy control’s anatomical MRI data from public datasets 

(ANDI[1], IXI[2]). The brain age gap of the first episode and chronic schizophrenia patients were 

predicted based on the trained 3D-CNN model. Results (1) The MAE of the 3D-CNN model was 

lower than the traditional method brainageR [3] (3D-CNN: 3.060 years, brainageR: 4.341 years, p = 

0.048) on healthy controls. (2) The brain age gap of the chronic schizophrenia group was 

significantly higher than the healthy controls (mean=4.075 years, p=0.049), while the brain age gap 

of the first episode group was not significant (mean=1.152 years, p=0.582). Conclusion The 3D-

CNN brain age prediction model has higher accuracy than the traditional method. Our results also 

suggest that brain structure changes in schizophrenia are related to the course of the disease, where 

chronic schizophrenia patients suffer from significant anatomical aging. 

Keywords: schizophrenia; brain age gap; 3D-CNN 
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Abstract: Depression symptoms are often found in the patients suffering from chronic pain, and 

similarly the patients with major depression are often rendered with altered feeling of pain, 

indicating an interconnected neurological mechanism of circuitry for pain and depression, which is 

yet to be understood. Here in this study we systematically studied the cellular and circuitry 

mechanism for the chronic pain-induced depression behavior. The results demonstrated that chronic 

pain induced depressive-like behaviors in a mice model of trigeminal neuralgia, and accompanying 

this is an increased firing activity of the dopaminergic neurons (DA) in the midbrain ventral 

tegmental area (VTA); inhibition of this elevated activity of the VTA DA neurons  reversed the 

depression behaviors, indicating a key contribution of the altered activity of the VTA DA neurons. 

Further studies established a circuit pathway of glutamatergic projections originated from the spinal 

trigeminal subnuelcus caudalis (Sp5C), to the lateral parabrachial nucleus (LPBN), then to the VTA. 

These glutamatergic projections formed a direct circuitry which served the observed induction of 

depression behavior in mice with trigeminal neuralgia. The above results indicate the activity of 

VTA DA neurons is a modulatory target of intersection site for both pain and depression behavior 

connecting respective neuronal projection networks.  

Keywords: depression, dopamine, VTA, LPBN, Sp5C, trigeminal neuralgia. 
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Abstract: Objective: Major depressive disorder (MDD) is a common, serious, debilitating mental 

illness. Protein phosphatase Mg2+/Mn2+-dependent 1F (PPM1F), a serine/threonine phosphatase, 

has been reported to have multiple biological and cellular functions. However, the effects of PPM1F 

and its neuronal substrates on anxiety remain largely unclear. Methods: Adeno-associated virus-

mediated overexpression of PPM1F or conditional knockout of BDNF in dentate gyrus (DG), and 

depression-related evaluations. The molecular mechanisms were examined by Chip-Q-PCR and 

western blot. Results: (1) Chronic restraint stress (CRS) induced anxiety-related behaviors only in 

female mice, while acute restraint stress (ARS) produced anxiety-related behaviors in both male 

and female mice in light-dark and elevated plus maze tests and induced up-regulation of PPM1F 

and down-regulation of brain-derived neurotrophic factor (BDNF) expression in the hippocampus. 

(2) Overexpression of PPM1F or conditional knockout of Bdnf in dentate gyrus (DG) led to a more 

pronounced anxiety-related behavior in female than in male mice as indicated by the behavioral 

evaluations. (3) Overexpression of PPM1F in the DG decreased total Bdnf exon-specific messenger 
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RNA expression in the hippocampus with the decreased binding activity of phosphorylated H3S10 

to its individual promoters in female mice. (4) Furthermore, overexpression of PPM1F decreased 

the phosphorylation levels of AKT and JNK in the hippocampus of female mice. Conclusion: 

These results may suggest that PPM1F regulates anxiety-related behaviors by modulating BDNF 

expression and H3S10 phosphorylation-mediated epigenetic modification, which may be served as 

potentially pathological genes associated with anxiety or other mental diseases. 
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Abstract: Objective Prepulse inhibition (PPI) is disrupted in many neuropsychiatric diseases, and 

the inverse agonist of 5-HT2A receptor pimavanserin alleviates PPI deficit in rodents; however, the 

precise mechanisms and critical brain areas for the reversal effect of 5-HT2A receptor inverse 



September 16-19, 2021 Chongqing 

agonists remain unclear. The present study aimed to investigate the critical brain areas for the 

reversal effect of the 5-HT2A receptor inverse agonist on PPI deficit in mice. Methods Pimavanserin, 

a selective 5-HT2A receptor inverse agonist, was used as a small-molecular tool drug to investigate 

the critical brain areas for the reversal effect of 5-HT2A receptor inverse agonists on PPI deficit in 

mice. Result (1) Intraperitoneal administration of pimavanserin improved the normal PPI behavior 

and also reversed PPI deficit elicited by the dopamine D1/D2 receptor nonselective agonist 

pergolide. (2) Local infusion of pimavanserin into the nucleus accumbens, ventral hippocampus, 

medial prefrontal cortex, but not ventral tegmental area, rescued PPI deficit. Conclusion Inverse 

agonism of 5-HT2A receptors increases PPI and reverses PPI deficit induce by dopamine receptor 

nonselective agonists. Besides, inverse agonism of 5-HT2A receptors in the medial prefrontal cortex, 

nucleus accumbens, and ventral hippocampus, but not in the ventral tegmental area, reverses PPI 

deficit.  
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Abstract: Objective Type 3 adenylyl cyclase (AC3), one of the subtypes in adenylyl cyclase family, 

has been implied as one of most related gene to major depressive disorder (MDD) in a genome-

wide association study in humans. Moreover, a study suggested the mice have similar symptoms as 

MDD patients after ablation of AC3. However, how AC3 contributes to anxiodepressive-like 

behaviors remains unknown. Methods We took the advantage of genetic manipulation to selective 

disrupt the AC3 expression in CaMK2α+ excitatory neurons, somatostatin-positive and 

parvalbumin-positive interneurons. A series of behavior tests, including rotarod test, open field test, 

elevate plus maze test, forced swimming test and tail suspension test were used to evaluate the 

motor ability, anxiety and depression- like behaviors respectively. Results Both CaMK2α: AC3-/- 

mice and SOM: AC3-/-mice, but not PV: AC3-/- mice, showed anxiodepressive-like behaviors. 

Selective AC3 ablation in excitatory neurons in mouse mPFC produced obvious depression-like 

behavior. Double immunostaining showed that AC3 was co-expressed with 5-HT6R in the mPFC. 

Pre-adminstration of 5-HT6R antagonist induced anxiodepressive-like behaviors and decreased the 

expression level of AC3 mRNA. On the other hand, 5-HT6R agonist dose-dependently alleviates 

the anxiodepressive-like behaviors in trigeminal neuralgia model, but fails to rescue depression-

like behaviors induced by AC3 knockdown in excitatory neurons in mPFC. Conclusion Our results 

suggest that AC3 in primary cilia contributes to mouse anxiodepressive behaviors mediated by 5-

HT6R in mPFC, implying a new therapeutic target for the treatments of anxiety and depression. 

Key words: AC3; CaMK2α+ neurons; 5-HT6R; anxiety and depression 
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Abstract: Objective The aim of this study was to investigate the regulatory role of aerobic exercise 

in improving Spike-LFPs (Spike-local field potentials) theta oscillation abnormal synchronization 

in neural activity of ventral striatal neurons in obese rats, and to further explore the neurobiological 

mechanism of exercise in preventing and treating obesity from the perspective of aerobic exercise 

regulating Spike-LFPs rhythmic oscillation activity in ventral striatal neurons, providing a 

scientific basis for improving the theory of exercise in preventing and treating obesity.  Methods 

Sixty healthy male SD rats (n = 60) were randomly divided into control diet group (C, n = 15) and 

diet group (HFD, n = 45). After 8 weeks of free access to water and food, HFD rats were screened 

out from obesity-prone group (OP, n = 15) and obesity-resistant group (OR, n = 15) by body weight 

criteria. Then fixed ratios of FR1, FR3, FR5, and progressive PR compression ratios were used to 

train and test all rats for operant self-administered food behavior to obtain Breakpoint values to 

evaluate the rats' motivation to eat. After the test, some rats in each group underwent in vivo multi-

channel electrode pre-embedding in the ventral striatum surgery. After 1 week of recovery, the rats 

in OR group were randomly divided into obesity-resistance control group (ORC, n = 7) and obesity-

resistance exercise group (ORE, n = 7); the rats in OP group were randomly divided into obesity-

prone control group (OPC, n = 7) and obesity-prone exercise group (OPE, n = 7). Among them, 

rats in the ORE OPE group underwent treadmill exercise intervention 6 times a week for 50 min 

each time for 6 weeks, (treadmill slope was zero, initial speed was 14 m/min; weekly increment 

was 2 m/min; each training time was 50 min, and the first 5 min and last 5 min were used as warm-

up and collation activities, with a speed of 10 m/min, and this exercise intensity was about 60% – 

75% VO2max). At the end of the 6-week exercise intervention, the eating motivation and food reward 

of the rats were evaluated again using the operant self-administration food experiment, and the 

electrical activity of neurons in the lower ventral striatum at rest was recorded in each group using 

a multichannel electrophysiological recording system. Results (1) After 8 weeks of diet, the body 

weight and daily energy intake of rats in the OP group were significantly higher than those in the 

C OR group (all P < 0.01); the operant self-administration food experiment showed that the FR1 

(P < 0.01), FR3 (P < 0.01), FR5 (P < 0.01), PR test active compression value and Breakpoint (P 

< 0.05) of rats in the OP group were significantly higher than those in the C OR group; in addition, 

the body weight gain of rats in the OP group was significantly positively correlated with active 

compression value (r = 0.561, P < 0.05) and Breakpoint (r = 0.567, P < 0.05). (2) After 6 weeks of 

aerobic exercise intervention, body weight, energy intake and body weight gain rate were 

significantly reduced in ORC group compared with ORE group rats and OPC group compared with 
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OPE group rats (all P < 0.01). Behavioral experiments showed that compared with the OPC group, 

the FR1, FR5, PR test active compression value and Breakpoint were significantly decreased in the 

OPE group (all P < 0.05). (3) After 6 weeks of aerobic exercise intervention, electrophysiological 

result analysis showed that LFPs rhythmic oscillations in ventral striatal neurons were significantly 

increased in both low-frequency band firing energy and theta band power spectral density in rats in 

the OPC group compared with the ORC group (P < 0.01). Compared with rats in the ORE ORC 

group, the LFPs rhythmic oscillations of ventral striatal neurons were significantly decreased in 

each low-frequency band firing energy and theta band power spectral density in the OPE OPC 

group (both P < 0.01); compared with the ORC group, the mean firing frequency of putative MSNs 

(medium spiny neurons) was significantly increased and putative FSIs (fast-spiking interneurons) 

were significantly decreased in the ventral striatum of the OPC group (both P < 0.01), and 

compared with the ORC group, the mean firing frequency of putative MSNs was significantly 

decreased and putative FSIs were significantly increased in the ventral striatum of rats in the OPE 

group compared with the OPC group (both P < 0.01). In Spike-Field coherence analysis, rats in the 

OPC group were significantly higher in the 4 – 8 Hz frequency band compared with the ORC group 

(P < 0.01), and OPE was significantly lower in the 4 – 8 Hz theta frequency band compared with 

the OPC group (P < 0.01). Conclusion Eating motivation was enhanced and Spike-LFPs theta 

oscillations were abnormally synchronous in the ventral striatum of 8-week diet-induced obese rats, 

while 6-week aerobic exercise intervention improved eating motivation and Spike-LFPs theta 

oscillations were abnormally synchronous in the ventral striatum of obese rats, which may provide 

a new neurobiological perspective for aerobic exercise to regulate eating motivation and functional 

plasticity changes in neural networks related to food reward in obese rats.  

 

Keywords：aerobic exercise; obesity-prone; ventral striatum; neuronal electrical activity; theta 

oscillations 
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Abstract: Objective Emerging evidence suggests that gut microbiota is closely related to 

psychiatric disorders. But, little is known about the role of the gut microbiome in the development 

of OCD. To investigate the contribution of gut microbiome to OCD development,  we transplant 

fecal microbiota from drug-free OCD patients into antibiotic-treated specific pathogen-free (SPF) 

mice. Methods Fecal samples collected from 4 OCD patients and 4 demographically matched 

health control were pooled and transplanted into antibiotic-treated SPF mice. Then grooming test, 

marble burying test and digging test were applied to assess their obsessive-compulsive level. Open 

field test and elevated plus maze were used to test their anxiety-like level. Synaptic plasticity was 

also detected in both groups. Results (1) Mice colonized with OCD microbiota showed remarkable 

increase in spray induced grooming, digging, and marble-burying behaviors. (2) Mice colonized 

with OCD microbiota were more anxious in the elevated plus maze.  Conclusion Transplantation 

of microbiota from drug-free patients with Obsessive-compulsive disorder induces obsessive-

compulsive-like and anxiety behaviors in mice. Our results suggested that the gut microbiota plays 

an important role in the pathogenesis of OCD. 

Keywords: obsessive-compulsive disorder (OCD); gut microbiota; anxiety 
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ABSTRACT: Deep brain magnetic stimulation (DMS) is one of optimized transcranial magnetic 

stimulation (TMS) which is a promising physical method for depression treatment. However, the 

antidepressant effect and underlying mechanism of DMS is still unclear. Galanin, a kind of 

neuropeptide, has been shown to exert an antidepressant effect via galanin 2 type receptor (GalR2). 

In this study, we reported that high frequency DMS (HF-DMS) displayed an antidepressant effect 

and improved the structural and neuronal activity impairment of ventral hippocampus (VH) induced 

by chronic mild stress (CMS) in rats. Moreover, we showed that HF-DMS efficiently increased the 

expression of GalR2 in VH of CMS rats. Furthermore, we also demonstrated that GalR2 was 

involved in the antidepressant effect of HF-DMS in VH of CMS rats. Taken together, our studies 
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provide a new potential basis for understanding the mechanism of DMS in the treatment of 

depression. 

Key words: Depression, CMS, TMS, DMS, Galanin, GalR2. 
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Abstract: Sleep loss leads to a spectrum of mood disorders such as anxiety disorders, bipolar 

disorder and depression in many individuals. However, the underlying mechanisms are largely 

unknown. In this study, sleep-disturbed animals were tested for anxiety and depressive behaviors. 

We then studied the effects of SD on hypothalamic-pituitary-adrenal (HPA) axis function by 

measuring serum and CSF levels of corticosterone (CORT), and at the end of the experiment, brains 

were collected to measure the circadian oscillations of clock genes expression in the hypothalamus, 

glial cell activation and inflammatory cytokine alterations. Our results indicated that SD for 3 days 

resulted in anxiety- and depressive-like behaviors. SD exaggerated cortisol response to HPA axis, 

significantly altered the circadian oscillations of clock genes, decreased the expression of tight 

junction protein ZO-1 and Claudin 5 and increased the number of GFAP-positive cells and Iba-1-

positive cells and caused subsequent elevation of pro-inflammatory cytokines IL-6, IL-1β and 

TNFα. These findings demonstrated that SD for 3 days induced anxiety- and depression-like 
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behaviors in rats in company with altering the circadian oscillations of clock genes and inducing 

neuroinflammation, indicating the underlying mechanism of sleep loss induced neuronal 

dysfunction. 

 

Back to top ↑ 

 

 

P-646 

PVT-CeA 通路在睡眠/觉醒转换中的作用 

 

赵娟娟 1，2，任栓成 2，胡志安 2*，高东 1* 

1中国人民解放军陆军特色医学中心 睡眠心理科  

2陆军军医大学基础医学院生理教研室  

通讯作者：高东，  E-mail: gaodong1973@163.com; 胡志安，E-mail: zhianhu@aliyun.com 

 

摘要 

目的：丘脑室旁核（paraventricular thalamus，PVT）是丘脑内重要的觉醒调控核团，向全脑

发出广泛投射。中央杏仁核（central amygdala，CeA）是大脑基底神经核边缘系统中情绪和

应激信号整合的关键部位。PVT-CeA 通路在慢性疼痛等负面情绪感受中发挥着重要作用，

PVT-CeA 通路在觉醒调控中的作用尚未报道。因此本研究主要探讨 PVT-CeA 通路在小鼠睡

眠觉醒转换过程中发挥的作用。 

方法：病毒示踪技术；光纤记录技术；光遗传学技术。 

结果：利用顺行病毒示踪技术，发现 PVT 有大量的神经纤维投射到 CeA；利用逆行病毒示踪

技术发现 PVT 有大量投射到 CeA 的神经元胞体。利用光纤记录技术记录特异性投射到 CeA 的

PVT 神经元胞体活动模式，发现这群神经元在睡眠向觉醒转换时钙信号活动明显增加，觉醒向
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睡眠转换时钙信号活动减弱。利用光遗传学技术激活 PVT 投射到 CeA 的神经纤维末梢，小鼠

由睡眠时相转变为觉醒时相。 

结论：丘脑室旁核与中央杏仁核之间存在紧密形态学联系,特异性投射到 CeA 的 PVT 神经元在

觉醒期活跃，PVT-CeA 通路参与觉醒调控。 
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Abstract: The aim of present study was to investigate the effect and mechanism of Interleukin-10 

(IL-10) deficiency on traumatic brain injury (TBI) in age-matched sexually mature male and female 

adult mice. The TBI in mice was induced by controlled cortical impact (CCI). 8-week-old both 

sexes C57B1/6 or IL-10 deficiency mice were subjected to sham or CCI. The expression of 

neuroinflammation markers (GFAP and IBa1) and neuron marker (NeuN) were observed in 
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different functional brain region at day 3 and day 28 after TBI using immunofluorescence method, 

respectively. The permeability of blood-brain barrier and lesion volume were also evaluated at early 

phase post injury. In addition, motor function (Neurological severity score), cognitive function (Y-

maze and novel object recognition), anxiety (dark-light box and open field), depression test (forced 

swimming) were performed after 4 weeks following TBI. Compared to sham group, the IL-10 level 

in the serum post-TBI is significantly increased in male wild type mice, not females. And IL-10 

deficiency male mice have larger lesion volumes and higher permeability of BBB at early phase. 

Worse motor, cognitive dysfunction and more anxiety are observed in late phase after TBI. The 

neuroinflammation levels were markedly upregulated in brain areas around injury (ipsilateral 

cortex and hippocampus), and remote functional regions (striatum and amygdala) in IL-10 

deficiency male mice, but not female mice. And the number of neuron in cortex, striatum and 

amygdala in male IL-10 deficiency mice was also significantly reduced at day 28 after TBI 

compared to wild type male mice following TBI. Taken together, we conclude that IL-10 deficiency 

aggravates TBI in male mice, not females, suggesting that IL10 mediated a different mechanism 

following the TBI in males and females. 

Key words: Interleukin-10; traumatic brain injury; long-term dysfunction; neuroinflammation 
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Abstract：Objective The central nervous system is a functional regulation system which plays a 

leading role in the body. Once it’s damaged, the normal function of other organs will also be 

affected. How to promote the regeneration of the injured nerve and restore the function has been 

the focus of attention in the medical field. At present, electrical stimulation（ES） has been widely 

studied in the treatment of neurological diseases. At the same time, microfluidics play a great role 

in cell culture and regulation. The present study is to combine the ES and microfluidics. Methods 

This paper presents a microdevice with a combination of microfluidics and microelectrodes which 

applied the flexible PDMS as the substrate material, so that neural stem cells(NSCs) can be 

implanted at the same time as ES, and a bipolar symmetrical square wave pulse signal is used.  We 

performed ES on rat NSCs and observed the effect on the growth, differentiation, proliferation and 

other behaviors of NSCs, and preliminary explored the in vitro cell ES influence of the microdevice. 

Results The results of immunofluorescence showed that ES had no effect on the specificity of 

NSCs, which could reach 98.9 ± 0.4%. In addition, ES significantly promoted cell growth on the 

third day, and the cell proliferation rate was 49.41%, and apoptosis began to appear on the fourth 

to fifth day, indicating that a certain degree of ES can promote cell growth. Conclusion Therefore, 

the positive significance of microfluidic/microelectrode composite microdevice for the treatment 

of nervous system diseases can be further evaluated. 

Keywords: PDMS.; Microfluidic; Micro-electrode; Electrical stimulation; NSCs 
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Abstract: Objective A Ganglion is a cluster or group of nerve cells found in the peripheral nervous 

system or central nervous system, including dorsal root ganglia, cranial nerve ganglia, autonomic 

ganglia, basal ganglia, and retinal ganglion. Neural organoids provide a powerful tool for 

investigating neural development, modeling neural diseases, screening drugs, and developing cell-

based therapies. Although sympathetic neurons have previously been chemically induced from 

human pluripotent stem cells (hPSCs), and noradrenergic neurons have been induced from somatic 

cells by transcription factors (TFs), neurons in these studies are scattered and do not form clustered 

ganglia. Whether autonomic ganglia organoids can be induced in vitro has not yet been determined. 

Methods In the present study, by using an inducible lentiviral system, immunostaining, qRT-PCR, 

patch-clamping, and scRNA-seq techniques, we aimed to induce autonomic ganglia (AG) from 

fibroblastic cells with TFs. Results We identify a combination of triple TFs APH as an efficient 

means to reprogram mouse fibroblasts into self-organized and networked induced AG (iAG) 

organoids. The iAG neurons exhibit molecular features, subtype diversity and electrophysiological 

properties of autonomic neurons. Moreover, induced iAG neurons can survive and integrate into 

the autonomic ganglia in vivo. Conclusion iAG organoids can be induced from somatic cells in 

vitro by defined TFs, and may serve as a model to decipher the pathogenesis of autonomic 

neurological diseases and screen for effective drugs, as well as a source for cell replacement therapy.  

Keywords: autonomic ganglion; organoids; transcription factors; fibroblasts; cell reprogramming 
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Abstract: Objective How to adequately evaluating the injury process to determine the 

examinational and therapeutic window for neural injury plays a crucial role in spinal cord injury 

(SCI) researches. This study aimed to evaluate the longitudinal variation of diffusion tensor 

imaging (DTI) metrics, locomotor outcomes and pathological process in rats after SCI to determine 

the best time window of examination and therapy. Methods Adult Wistar rats (n = 15) underwent 

cord contusion at T9 by an NYU impactor. The fractional anisotropy (FA) at the epicenter of injured 

spinal cord were collected and compared with the Basso-Beattie-Bresnahan (BBB) scores and 

positive areas of luxol fast blue (LFB) at 1, 3, 7 and 14 day post-SCI. All experiments were 
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approved by the Animal Ethics Committee of Beihang University. Results (1) The variation of the 

LFB+ area showed the most severe white matter loss may occur on 3 day post-SCI, which could be 

detected by DTI sensitively (FA: from 0.697 ± 0.012 to 0.289 ± 0.014, p = 0.000). (2) The 

significant recovery of locomotion was observed 3-7 days post-SCI (vs previous time point: p = 

0.000) and this period might be the critical for rehabilitation. (3) FA was significantly correlated 

with LFB+ areas (r = 0.916, p = 0.000) and BBB scores (r = 0.875, p = 0.000). Conclusion It 

suggested that the first 3 days after SCI may be the optimal time window for SCI examination and 

therapy. This finding holds the key to layouting the time-point for the future SCI repair trial. 

Keywords: spinal cord injury; diffusion tensor imaging; fractional anisotropy; optimal time 

window 
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Abstract：Objective Metabolism of β-amyloid is critical for healthy brain. Decreased clearance 

of β-amyloid is associated with ensued accumulation of amyloid peptide, culminating in formation 

of senile plaques, a neuropathological hallmark of Alzheimer’s disease (AD). Apolipoprotein E 

(APOE), a lipoprotein for phospholipid and cholesterol metabolism, is predominantly synthesized 

by glia in the central nervous system, controlling Aβ aggregation and metabolism. In our previous 

study, we have demonstrated that knockdown of Dicer1 leads to less elaborate neuronal dendrites 

and overexpression of Dicer1 protects against β-amyloid-induced neurotoxicity. In addition, Dicer1 

increased ApoE expression in primary cultured astrocytes. Herein, we explored the mechanism on 

Dicer1-medicated generating target Alu/B2 SINEs blocking inhibitory effect of ApoE expression. 

Method By use of stereotactic injection and a Morris water maze, we delivered Dicer1-expressing 

adenovirus into the hippocampus of an animal model of AD mice APPswe/PSEN1deltaE9. The 

effect was associated with reduced amyloid peptides in the hippocampus which were analyzed with 
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immunofluorescence and enzyme-linked immunosorbent assay. By use western blot, quantitative 

real-time PCR, fluorescence in situ hybridization, and northern blot, we detected B2 Mm2 RNA, 

ApoE expression and astrogliosis in hippocampus of the AD mice and astrocyte cultures, 

respectively. The 3′ -UTR or 3′ -UTR in conjunction with the downstream Alu/B2 RNA were 

cloned into a luciferase reporter by dual-luciferase assay. The synthesized B2Mm2 RNA was used 

to capture DNA fragment of ApoE 3′ -UTR in conjunction with B2 SINE. Results (1) Injection of 

Dicer1-expressing virus into the hippocampus of APP/PS1 mice improved spatial learning. (2) 

Dicer1 overexpression reduced the amount of amyloid plaque and gliosis in the APP/PS1 mice. (3) 

Dicer1 overexpression increased APOE mRNA and protein levels and reduced B2 Mm2 RNA in 

astrocyte cultures. (4) Dicer1 overexpression increased APOE by blocking the repressive effect of 

B2 Mm2 RNA on APOE mRNA. Conclusion Dicer1 expression mediated amyloid peptide 

clearance by increasing APOE via blocking B2 RNA-mediated APOE mRNA degradation. 

Keywords: Alzheimer’s disease; Dicer1; Alu RNA; B2 RNA; APOE; Amyloid peptide  
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Abstract: Spinal cord injury (SCI) interrupts long-projecting descending spinal interneurons and 

injuries spinal central pattern generator (CPG) that are generate locomotion. Recovery of 

locomotion and the intrinsic mechanisms underlying reconnection of spinal neural circuits after 

SCI are unclear. The zebrafish, in contrast to mammals, shows remarkable regeneration after SCI 

making it an ideal model to uncover intrinsic intraspinal mechanisms responsible for the 

reestablishment of locomotor circuits. Here we describe a specialized injury-induced population of 

intraspinal serotonergic neurons (ISNs) with distinctive molecular markers and electrical properties 

that congregate at the site of injury. By developing a 2-cut SCI model, we revealed an intraspinal 

serotonergic mechanism facilitating locomotion recovery independent of brain-descending 

innervation. These ISNs constantly release serotonin via hyperactive terminal varicosities and act 

on Htr1b receptors to promote axon regeneration of spinal excitatory interneurons. There is a more 

pronounced axon regeneration of excitatory interneurons compared to inhibitory interneurons that 

underlies the reorganization of spinal CPG and restoration of locomotor function. Knock-out of 

htr1b prevents axonal regrowth of spinal excitatory interneurons, rostral-caudal body coordination 

and locomotor function restoration after SCI. In summary, we describe an intraspinal mechanism 

governing spinal CPG reorganization and locomotion recovery facilitated by injury-induced ISNs 

after SCI. This suggests a strategy to unravel SCI repair mechanisms in mammals.  

Keywords: spinal cord injury; central pattern generator (CPG); serotonergic neurons; axon 

regeneration; Htr1b receptor 
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Abstract: Objective Polypyrimidine-tract-binding protein (PTB) is a RNA-binding Protein which 

plays a key role in neurogenesis. Depletion of PTB converts midbrain astrocytes into functional 

DA neurons. Spinal cord injury (SCI) is a terrible disease that causes long term disability. 

Astrocytes can proliferate to form a glial scar after spinal cord injury (SCI). In SCI, the dense glial 

scar and the irreversible loss of neurons are the two major causes of spinal cord regeneration failure. 

The aim of our research was to study the effect of PTB silencing on the reprogramming of spinal 

astrocytes to motor neurons after spinal cord injury. Methods Short hairpin RNAs (shRNAs) and 

antisense oligonucleotides were used to knockdown PTB expression to determine its role both in 

vitro in mouse primary spinal astrocytes and in vivo in a compressed SCI mouse model. Results 

Our results shows that, mouse primary spinal astrocytes in vitro can be directly reprogrammed to 

motor neurons by downregulating PTB. In vivo, the silencing of PTB not only replenishes the lost 

motor neurons, but also significantly reduces the density of the glial scar. Moreover, resident 

astrocytic reprogramming can remarkedly enhance functional recovery in the SCI model.  

Conclusion These findings suggest that PTB silencing maybe a promising therapeutic strategy for 

motor neuronal regeneration in spinal cord repair.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Keywords: astrocytes; spinal cord repair; motor neurons; reprogram; PTB 
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Abstract: Objective We have found that Sirt1 could improve neuroprotective effect by attenuating 

the astrocyte activation induced by traumatic brain injury. However, the underlying mechanisms of 

Sirt1 attenuating astrocyte activation are yet ill understood. In the current study, we examined 

whether the protection of Sirt1 in nigrostriatal pathway injury is associated with autophagy 

regulation. A mice model of nigrostriatal pathway injury was used for traumatic brain injury. 

Resveratrol or DMSO was injected immediately in the lesion site after brain injury. We found that 

Sirt1 up-regulation by resveratrol increased the expression of LC3 around the lesion site after injury, 

and confocal results showed that Sirt1 up-regulation could increase the expression of LC3 in 

astrocyte and decrease it in neuron, however, had little effect on the expression of LC3 in microglial 

cell. Moreover, there is a typical nucleocytoplasmic localization with strong distribution in the 

nucleus under DMSO treatment compared to that under resveratrol treatment in astrocyte. This 

suggested that regulation Sirt1 expression could enhance autophagy in astrocytes and the 

mechanism may probably relate to the distribution of LC3 in cytoplasm and nucleus. Methods in 

vivo experiment: preparation of traumatic brain injury model, adopt the method of in-situ injection 

of resveratrol and viruses, interfere with the protein expression. Behavior testing evaluated neural 

functional recovery after traumatic brain injury, Western blot detected apoptosis, macroautophagy, 

CMA related protein level, immune fluorescence detected the macroautophagy, CMA related 

protein expression and position, Co-IP detected protein interactions. In vitro experiment: primiary 

culture of astrocytes using newborn mice cortex.Using IL-1β simulated the inflammation condition 
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after TBI.Changed related protein level used plasmid and virus transfection methods, Western blot 

detected CMA related proteins expression, immunofluorescence tested CMA related protein 

expression and position.Statistical analysis was performed using GraphPad Prism8 software, 

P<0.05 was considered statistically significant.Results In vivo experiment: Western blot results 

showed that use of resveratrol can inhibit the neuronal apoptosis related proteins expression, inhibit 

the excessive expression of astrocytes GFAP, autophagy related proteins LC3II reduced after injury, 

p62 level increased.After using resveratrol ,LC3II increased, p62 level decreased, CMA related 

protein increased. According to the results of Immunofluorescence after TBI, the astrocytes around 

lesion site was overactivate, LC3 expressed in astrocytes decreased, after injection of 

resveratrol,GFAP was abate, LC3 increased and typically positioned in the cytoplasm, the microglia 

around lesion site were active, LC3 decreased, after injection of resveratrol , microglia around 

lesion site were reduced active, LC3 and IBA1 co-expression less, the neuron apoptosis of lesion 

side was increased, LC3 expression increased, after injection of resveratrol ,apoptosis decreased 

and LC3 expression reduced. Immunoprecipitation experiments showed that there was an 

interaction between Sirt1 and Dnajb1. Behavior results showed that much of growp stimulating 

Sirt1 level after TBI displayed a better behavior, but no significant improvement was found in the 

down-regulated Dnajb1 group. In vitro experiment: WB results showed that the expression of CMA 

related proteins increased after inflammatory stimulation, and further increased after Sirt1 

upregulation. Conclusion 1. Sirt1 can promote the recovery of neurological function after TBI.2. 

Upregulation of Sirt1 can enhance the autophagy of astrocytes around lesion site, promote the 

expression of LC3 in the cytoplasm, reduce the expression of LC3 in neurons, and have little effect 

on microglia 3. Sirt1 can enhance the CMA activity of astrocytes after TBI.  

Keywords: traumatic brain injury; neurological function recovery; macrophage; chaperon 

mediated autophagy; Sirt1 
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Abstract：Objective Sirt1 is an epigenetic regulator and protein modifier with histone and non-

histone deacetylation activities, which can regulate gene expression and protein activity. We found 

Sirt1 had neuroprotective effect by attenuating astrocyte activation induced by traumatic brain 

injury, which may be attributed to mitophagy. The present study is to explore whether Sirt1 

regulates Txnrd2, a mitochondrial-specific antioxidant, through histone and non-histone 

deacetylation, which in turn affects mitochondrial reactive oxygen species and mitophagy. 

Methods Western blot and qPCR were used to detect the protein and mRNA levels of Sirt1, Txnrd2 

and mitochondrial related genes in cellular and animal models. Behavior test was used to assess the 

recovery of neurological function after traumatic brain injury. Dual luciferase reporter assay and 

ChIP experiment were used to determine the interaction between the transcription factor c-Fos with 

the Sirt1 promoter region, and ChIP experiment was also used to detect the level of histone 

acetylation in the promoter region of the Txnrd2 gene. Co-immunoprecipition was used to identify 

the interaction between Sirt1 and Txnrd2. Flow cytometry was used to detect the level of reactive 

oxygen species. Results Sirt1 overexpression led to decreased lysine acetylation of Txnrd2 and 

H3K9Ac at the promoter region of Txnrd2 gene. Flow cytometry results showed that Sirt1 

overexpression also increased the level of reactive oxygen species in C8D1A cells, causing 

increased mitophagy. Conclusion Sirt1 affects Txnrd2 gene expression and protein modification 

through its histone deacetylation and non-histone deacetylation functions with neuroprotective 

effects. 

Keywords: Sirt1; Txnrd2; mitophagy; reactive oxygen species 
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Abstract: 

Objective：Peripheral nerve injury (PNI) is a public health, but the effective treatments for PNI 

are still limited. Maresin 1 (MaR1) is an anti-inflammatory and proresolving mediator that has the 

potential to regenerate tissue. We determined whether MaR1 is able to promote nerve regeneration 

as well as alleviating neuropathic pain, and to be considered as a putative therapeutic agent for 

treating PNI. 

Methods： PNI mice models were constructed and treated with NGF, MaR1 or saline. Behavioral 

analysis, muscle atrophy test, immunofluorescence assay, quantitative real-time RT-PCR, western 

blot analysis, and whole-cell patch-clamp recordings were executed. 

Results：MaR1 demonstrated a more robust ability to promote sensory and motor function 

recovery in PNI mice than NGF. Administration of MaR1 reduced the number of damaged DRG 

neurons, promoted injured nerve regeneration and inhibited gastrocnemius muscle atrophy. MaR1 
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regulated neurite outgrowth through the PI3K-AKT-mTOR signaling pathway. MaR1 dose-

dependently attenuated the mechanical allodynia and thermal hyperalgesia. MaR1 inhibited 

capsaicin-elicited TRPV1 currents, repressed the activation of spinal microglia and astrocytes and 

reduced the production of proinflammatory cytokines in the spinal cord dorsal horn. 

Conclusions：Application of MaR1 to PNI mice significantly promoted nerve regeneration and 

alleviated neuropathic pain. 

Key words: Maresin 1, inflammation, nerve regeneration, neurological recovery, neuropathic pain, 

never injury 
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Purpose: Optic nerve injury leads to the degeneration of optic nerve, death of retinal neurons, 

visual impairment and even blindness. Muller cells are the most important glial cells in the retina 

with neuroprotective function, but few researches explored how to induce their neuroprotective role. 

In this study, we explored whether overexpressing transcription factor NeuroD1 in Muller cells 

may induce their neuroprotective function against optic nerve injury.  

Methods: Optic nerve crush surgery was performed on adult C57 mice on both sides. To estimate 

the time course of injury, the survival rate of cells in the ganglion cell layer was quantified on 

retinal slices at different days after surgery. Then, at 1 day (acute injury stage) or 8 days (plateau 

stage) after injury, AAV7m8 GFAP::NeuroD1-GFP or GFAP::GFP control virus was intravitreally 

injected into each eye of the injured animals.  At  1, 2, and 4  weeks after virus injection, the light 

response of individual ganglion cells and retinal population was detected by multi -electrode-array 

(MEA) and flash electroretinogram (fERG) recording, respectively. The density of neurons in the 

ganglion cell layer was detected by NeuN immunofluorescence labeling. Expression of Glial 

Fibrillary Acidic Protein (GFAP) and Glial cell Derived Neurotrophic Factor (GDNF) in retina was 

further examined by immunofluorescence labeling and Western Blot.  

Results: Injecting AAV7m8 GFAP::NeuroD1-GFP virus specifically targeted Muller cells in the 

retina. Compared with the injured side infected with control virus, overexpression of NeuroD1 in 

Muller cells significantly improved the light response of individual ganglion cells and retinal 

neurons, increased the proportion of ON-ganglion cells, and improved the density of neurons in the 

ganglion cell layer. For the NeuroD1 virus injection at the acute stage, the functional improvement 

appeared as early as one week after virus injection and lasted till four weeks; while for the virus 

injection at the plateau stage, the improvement was not detected until 4 weeks after injection . 

Overexpressing NeuroD1 in Muller cells further increased the GDNF level in retina. In addition, 

one week after NeuroD1 overexpression, there were some GFP and NeuroD1 positive cells 

showing morphology of amacrine cells. 

Conclusion: Overexpression of NeuroD1 in Muller cells protects retinal neurons against optic 

nerve crush injury. It may act through activation of Muller cells and up-regulating the expression 

of GDNF or reprogramming Muller cells into function neurons.  

Keywords: Optic nerve crush, Muller glia, NeuroD1, Neuroprotection  
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Abstract: Objective: The transient receptor potential vanilloid 1 (TRPV1) receptor, a non-

selective cation channel, involves in a variety of physiological and pathological processes. However, 

the role of TRPV1 in demyelinating diseases remains unclear. The aim of this study was to 

investigate the role of TRPV1 in demyelination and remyelination. Methods: Wild type(WT) mice 

and TRPV1 knockout (KO) mice were randomly divided into a normal diet group, a 

cuprizone(CPZ)-diet group and a capsaicin (CAP, an agonist of TRPV1) treatment group. Motor 

coordinative function were evaluated by beam walking test and Rota-rod test. Demyelination and 

remyeliantion were assessed by using immunohistochemistry, western blot and electron 

microscopy. Transwell assay and scratch-wound assay were used to test the effect of TRPV1 on 

chemotactic activity of microglia in vitro. The clearance of myelin debris was evaluated by Oil Red 

O staining and immunohistochemistry. Results: We found that TRPV1 is mainly expressed on 

microglia in the corpus callosum(CC). TRPV1 deficiency results in a severer motor coordinative 

function defect and demyelination in CPZ mice. Intraperitoneal injection of CAP improved the 

motor coordinative function and demyelination pathology in CPZ mice. The effect of CAP was not 

observed in TRPV1 KO mice. Blocking TRPV1 in primary cultured microglia restrain the 

migration of microglia, pre-treatment microglia with CAP enhanced the chemotactic activity. In 

accordance with the result of vitro assays, the number of microglia in the CC is decreased in TRPV1 
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KO CPZ mice. Meanwhile, TRPV1 deficiency mice showed more myelin debris accumulation after 

CPZ administration. Conversely, CAP promotes the clearance of degraded myelin debris. 

Conclusion: These results demonstrate that TRPV1 can promote the phagocytosis of myelin debris 

by regulating microglia migration and may provide a promising target for therapeutic intervent ion 

in demyelination diseases such as multiple sclerosis.  

Key words: TRPV1, demyelination, cuprizone, capsaicin, microglia, myelin debris 
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Abstract: Objective: Ferroptosis, a non-apoptotic form of programmed cell death caused by iron 

overload and lipid peroxidation, contributes greatly to neuronal death and neurologic deficits after 

intracerebral hemorrhagic (ICH). The knowledge of mitochondria and related metabolic response 

to neuronal ferroptosis post-ICH is still limited. Methods: Aconitate decarboxylase 1 (Irg1) and its 

product itaconate were detected by RT-qPCR, Western Blot and LC-MS in Hemin-treated mouse 

primary cortical neurons and in mouse hemorrhagic brain. The cell survival of mouse neurons and 

human induced pluripotent stem cells (iPSCs)-derived neurons were detected by PI staining, 

Fluoro-Jade C (FJC) and Cresyl violet (CV) staining. Results: (1) Irg1/itaconate were upregulated 

in Hemin-treated mouse primary cortical neurons and in mouse hemorrhagic brain. (2) 

Overexpression of Irg1/itaconate prevented neuronal ferroptosis in mouse neurons and in human 

iPSCs-derived neurons. (3) Irg1/itaconate protects against neuronal death and improves acute 

outcomes after ICH. (4) Itaconate rescued neuronal ferroptosis by alkylating cysteine 61 on 

glutathione peroxidase 4 (GPx4) and subsequently rescuing impaired GPx4 activity. Conclusion: 

Irg1/itaconate protects neuronal ferroptosis in vitro and in hemorrhagic brain in vivo through 

elevating GPx4 activity.  

Keywords: Ferroptosis, GPx4, itaconate, Irg1, intracerebral hemorrhage 
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Abstract: Objective Due to the influence of various pathophysiological processes,  spinal cord 

injury (SCI) may cause changes in brain structure, while effects of SCI treatment on the brain have 

been little revealed. Our previous studies have reported the regeneration of injured spinal cord 

tissues in the nonhuman primates. The present study is to preliminarily explore the difference in 

the effects of SCI and regeneration therapy on the brain. Methods Eight hemi-transected SCI rhesus 

monkeys were examined. At early stage (1 month) and late stage (6 months) post-SCI, voxel-based 

morphometry (VBM) was performed to compare the cross-sectional difference and longitudinal 

alteration in the gray matter volume (GMV) of brain between the lesion-only group (GL) and 

treatment group (GT). Results (1) At early stage post-SCI, no obvious difference between the two 

groups were observed, while GMV of GL in left inferior and middle frontal gyrus were significantly 

smaller than GT at the late stage (p < 0.05, GRF correction). (2) Compared to GL, GT showed 

remarkably greater longitudinal GMV changes in right premotor area, secondary somatosensory 

cortex, and superior parietal lobule (p < 0.05, GRF correction). Conclusion Spinal cord 

regeneration primarily affect the sensorimotor cortex, which is relatively pronounced at 6 months 

post-SCI. Detailed spatiotemporal pattern of brain structural alterations during therapy still needs 

further exploration. 

Keywords: spinal cord injury; treatment; gray matter volume; voxel-based morphometry 
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Abstract:Traumaticbraininjury (TBI) is a common international traumatic nerve disease, in the 

impact of external forces caused by the destruction of brain structure, worldwide has a  high 

mortality rate and disability rate, its pathological mechanism is complex, the medical community 

still lacks effective treatment methods.In recent years, research has shown that low intensity pulsed 

ultrasound stimulation of noninvasive (Low intensity pulsed ultrasound stimulation LIPUS) can 

adjust brain activity, the commonly used traditional Chinese medicine active ingredients baicalin 

in scutellaria baicalensis georgi and treatment effect of brain damage.In this study, the purpose of 

this study was to explore the brain protective effect of LIPUS combined with baicalin on TBI and 

its mechanism. 

In this study, a rat model of TBI was established, and 80 SD rats were made by Fneeny free-fall 

blow method. The rats were randomly divided into 4 groups, namely, TBI group, LIPUS group, 

baicalin group, LIPUS combined with baicalin group.Another 10 normal rats were selected as blank 

control group.The 5 groups were given corresponding treatment for 10 days respectively, and the 

recovery of SD rats was observed. 
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Magnetic resonance imaging (Magnetic resonance imaging, MRI) was used to check the recovery 

status of rats in each group. Diffusion weighted imaging (Diffusion weighted imaging, DWI) and 

Diffusion tensor imaging Diffusion tensor imaging (Diffusion tensor imaging Diffusion tensor 

imaging, DTI) were performed in 5 groups of rats at 3 hours, 1 day, 3 days, 7 days and 10 days 

after operation. The degree of brain edema and nerve fiber damage were quantitatively reflected by 

ADC value and FA value. 

After traumatic brain injury, the blood-brain barrier occured, the osmotic pressure between brain 

tissues changed, and water constantly oosed into the perivascular and intercellular stroma, forming 

vasogenic brain edema. As a result, the DWI images showed high signal and the ADC value 

increased.DWI results showed that the ADC values measured at 3 hours, 1 day, 3 days, 7 days and 

10 days all played a good recovery effect on the brain injury, and the ADC values of the three 

treatment regimens were reduced to varying degrees compared with those of the TBI group.During 

the whole process of injury occurrence and recovery, the ADC at different time points during the 

treatment period was captured, and it was found that both the LIPUS group and the baicalin group 

could effectively inhibit the ADC level, and the observation and comparison showed that the 

treatment of LIPUS combined with baicalin could more effectively alleviate the degree of brain 

edema after TBI. 

As an extension of DWI, DTI can be used as a technical method to detect the structural integrity of 

white matter after TBI.DTI can numerically reflect the dispersion ability of white matter water 

molecules.The anisotropy fraction FA can predict the magnitude of the dispersion tensor, and the 

value of FA fluctuates between 0 and 1.The higher the FA value, the higher the integrity of the 

white matter fiber, and the lower the FA value, the higher the damage degree of the white matter 

fiber.DTI results showed that the FA values measured at different time points in the LIPUS 

combined with baicalin group were significantly higher than those in the LIPUS and baicalin 

group.The recovery degree of FA value was better than that of the other two groups.Studies have 

shown that the treatment of LIPUS combined with baicalin can promote the repair of white matter 

in the brain, reduce axon damage and stimulate axon regeneration, thus playing a neuroprotective 

role. 

At 3 hours, 1 day, 3 days, 7 days and 10 days after surgery, brain tissue sections of rats in each 

group were made for H.E staining and Nissl staining at these 5 time points, and observed under 

light microscope.After H.E staining, it was found that the LIPUS combined with baicalin group had 

a fuller and more abundant cell morphology, and the cell morphology was more saturated than the 

other two groups without shrinkage.After Nissl staining, the collected images were counted, and it 

was found that the LIPUS combined with baicalin group had a lower rate of Nissl loss.Studies 
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showed that in the acute stage after TBI, transcranial ultrasound stimulation was used to activate 

the activity of brain neurons. After 3 days, the loss rate of Nissl body was (31.07±4.71) % after the 

combination of LIPUS and baicalin, which can make neurons repair as soon as possible after TBI, 

indicating that the treatment of LIPUS combined with baicalin can run through the whole process 

of traumatic brain injury.LIPUS combined with baicalin in the treatment of post-traumatic brain 

neurons have strong functional.We inferred that the mechanism of LIPUS combined with baicalin 

may be through accelerating cell regeneration and stimulating neurons at the cellular level to 

achieve the recovery from traumatic brain injury. 

In this study, modern medical technology was combined with traditional medical methods, physical 

therapy was combined with chemotherapy, and the recovery effect of LIPUS and baicalin was 

innovatively combined to conduct an experimental study on TBI, and its feasibility was evaluated 

from the perspectives of nuclear magnetic field and pathology.The study showed that LIPUS 

combined with baicalin was better than LIPUS or baicalin alone, which provided an experimental 

basis for scientific research and practical application of clinical medicine, and proposed a more 

effective new treatment scheme for the brain protection effect of TBI. 

Key words: Traumatic brain injury；LIPUS；Baicalin；Magnetic resonance imaging (MRI)；

Tissue section 
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摘要： 

目的 周围神经损伤会导致严重的运动障碍及慢性疼痛，危害患者生活质量，因此促进受损神

经的修复及缓解神经病理痛是其治疗的关键。以往研究的动物模型无法同时兼顾疼痛与修复，

因而疼痛与修复之间的内在分子网络关联或共同调控环路的机制尚未明确。瞬时受体电位香

草酸亚型 1（transient receptor potential cation channel subfamily V member 1, TRPV1）是痛觉

调制中的感受器和整合器，可参与炎症痛及神经病理痛的发生和维持，另有报道 TRPV1可能

参与神经损伤后的修复过程，提示 TRPV1很可能是疼痛与修复的关联分子之一。本项研究以

TRPV1 为切入点，利用新建立的可同时研究疼痛与修复大鼠模型新探讨疼痛与修复的分子关

联机制。 

方法 通过结合临床外膜缝合术式及坐骨神经部分损伤模型（spared nerve injury, SNI），首创

了选择性损伤修复模型（spared injury-repair, SIR），采用多维度综合评价体系对该模型的痛

觉、修复水平、认知及运动功能进行详细评估。通过 Western Blot 和钙成像方法检测术后 7

天大鼠 L4、L5 DRG 中 TRPV1 的蛋白含量和功能变化。在坐骨神经损伤局部注射 TRPV1 通

道激动剂辣椒素或TRPV1通道拮抗剂辣椒平，观察其对大鼠机械痛阈及修复情况的影响。在

成年大鼠急性分离培养的DRG神经元中观察使用辣椒素或辣椒平刺激对神经突长度的影响。

使用水凝胶（hydrogel）作为缓释溶剂作用于受损神经局部，在体研究辣椒平对机械痛阈及

修复情况的影响。最后，通过单细胞膜片钳探讨辣椒平水凝胶的使用是否可以改变受损 DRG

神经元兴奋性。 

结果 SIR 模型中受损神经的修复可以使大鼠的痛行为、痛情绪、认知及运动功能得到显著缓

解。在 SNI 模型中，TRPV1 在受损 DRG 神经元中表达及功能下调，但在 SIR 模型中表达及

功能均恢复。坐骨神经损伤局部使用 TRPV1激动剂辣椒素具有致痛和抑制修复的效果，使用

TRPV1 竞争性拮抗剂辣椒平则具有镇痛和促进修复的效果。在体外培养的背根神经节神经元

上进行的药理学研究也证实辣椒平可促进神经突的发育和再生。进一步的在体研究显示，用

水凝胶使辣椒平在坐骨神经损伤局部缓释可以加速痛行为及运动功能的改善，促进受损神经
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的轴突再生。对辣椒平水凝胶处理过的受损 DRG 神经元进行体外培养，发现其修复活跃程

度显著提高，神经元兴奋性发生改变。 

结论 我们首创了 SIR 模型，在该模型中可以同时观测到疼痛与修复两方面变化。对外周

TRPV1 通道的干预可以同时影响疼痛与修复过程。损伤局部使用辣椒平水凝胶可以加速痛行

为及运动功能的改善，改变 DRG 神经元兴奋性并促进受损神经的修复活跃程度。 

关键词：周围神经损伤，轴突再生，神经病理痛，TRPV1 通道，辣椒平 
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Abstract: 

Objectives Spinal cord injury (SCI) can alter brain functions by directly damage the neural 

pathways. The bioactive materials developed by our group have been shown to effectively promote 

neural regeneration in the rodents and non-human primates after SCI. The aim of this study was to 

investigate the effect of regeneration on brain functional connectivity (FC) in spinal cord injured 

monkeys. 

Methods Eight adult rhesus monkeys was used to establish hemi-transected SCI models, four of 

them were enrolled the treatment group (GT) randomly. Resting-state functional magnetic 

resonance imaging (fMRI) was performed. Seed-to-seed FC among the whole brain regions were 

calculated at 1 and 6 months post-SCI. Cross-sectional comparisons were executed in the brain FC 

between lesion-only group (GL) and GT.  

Results Two-sample t test gave out the differences in the FC strength between GL and GT at 6 

months post-SCI but no significant discrepancy at 1 month. Compared to GL animals, treated 

monkeys displayed increased FC strengths between the right precentral gyrus and bilateral posterior 

parahippocampal gyrus (left, P = 0.0260; right, P = 0.0078), the right precentral gyrus and bilateral 

ventral posteromedial nucleus (left, P = 0.0400; right, P=0.0010). Right thalamus also had enlarged 

FC with right ventral posteromedial nucleus (P = 0.0118) and left occipital gyrus (P = 0.0228) in 

the GT animals. 

Conclusions Increased FC strengths after regeneration in the SCI monkeys not only localized to 

sensorimotor brain areas, but also involved in memory regions. These brain regions might be 

affected by neural dysfunction after SCI and play a key role in the rehabilitation of treated animals. 
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Abstract:Objective Ulcerative colitis (UC) is a chronic inflammation of gastrointestinal (GI) tract. 

The neuropeptides released by nerve fibers in mucosa are thought to be involved in the colonic 

inflammation and injury. Moxibustion as a traditional Chinese therapy, has a benefit clinical effect 

on many diseases. The acupoint, ST36 is commonly used for GI disease via neuro-regulation. Thus, 

we investigated the expression of two neuropeptides, substance P (SP) and calcitonin gene–related 

peptide (CGRP), in colonic mucosa of the dextran sodium sulfate (DSS) mice and the mechanism 

of neuro-regulation of moxibustion of ST36 on colitis. Methods: The colitis model was performed 

using a 7 days 2% DSS / 7 days water. A ten minutes moxibustion was daily applied to bilateral 

ST36 of DSS mice from day 3. Using HE stain and immunofluorescence, we investigated the colon 

injury and the expression changes of SP or CGRP at different timepoints and different colon 

segments of DSS mice or moxibustion treated DSS mice. Results: The survival rate and the body 

weight were decreased in DSS mice. ST36 enhanced both survival and body weight of DSS mice. 

The colonic mucosa of DSS mice was injured on day 7 in a distal and middle colon dominant 

manner, which was lasted to day 14. The hypertrophic crypts which presents the tissue regeneration 

was observed on day 14. The improvement of colonic injury by ST36 was observed on day 14 but 

not on day 7 in DSS mice. However, ST36 showed no effect on the hypertrophic crypt numbers of 

DSS mice. In further experiments, we observed the hypertrophy and hyperplasia of nerve fibers in 

distal and middle colonic mucosa of DSS mice, as well as the increased expression of substance P 

and CGRP positive nerve fibers on day 7, which were partially self-restored on day 14. ST36 could 

suppress these abnormal expressions. Conclusion: These results suggested that the colonic 

pathological features of experimental UC mice are spatiotemporal difference. Moxibustion of ST36 
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may improve the abnormal expression neuropeptides in DSS mice on day 7, which contributes to 

the amelioration of colon injury in DSS mice. 

Keywords: Ulcerative colitis; ST36; SP; CGRP 
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Abstract: Objective Grin lens (self-focusing lens) is a powerful tool to image neurons’ activities 

in deep brain, but the implantation may cause blood clots. In order to avoid the blocking of the 

optical path and reduce the waiting time for absorption of blood clots, the surface of the lens should 

be modified with anticoagulant reagents. Methods The typical anticoagulant molecule heparin was 

grafted onto the surface of the grin lens by electrostatic self-assembly with chitosan together. In 

order to test the construction of the chitosan-heparin multilayer on the surface of the lens, the 
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chemical composition and morphology of the lens before and after modification were detected by 

X-ray Photoelectron Spectroscopy (XPS) and Scanning Electron Microscope (SEM). The grafting 

amount of heparin on the surface of the lens were measured by the principle of subtraction. The 

blood compatibility of the modified lens was evaluated by hemolysis test and plasma recalcium test. 

The anticoagulant ability was tested by Prothrombin time (PT) and Activated Partial Prothrombin 

time (APTT). The imaging quality of the modified lens was detected by fluorescence imaging in 

vitro. Results The XPS and SEM results showed that chitosan/heparin multilayer film was formed 

on the surface of the grin lens. The grafting amount of heparin on each lens surface was 738.25μg. 

The hemolysis rate before and after modification was 2.5% and 0.26%, respectively. The plasma 

calcium rehydration experiment showed that the modified lens had good anticoagulant effect and 

the release of heparin was slow. PT and APTT results the anti-endogenous and anti-exogenous 

coagulation effects of the lens grafted with heparin were better. In vitro fluorescence imaging test 

showed that the lens modification did not affect the imaging quality. Conclusion Chitosan/heparin 

layer by layer self-assembly is an effective method to modify the grin lens with anticoagulant ability, 

which indicating promising application in brain imaging. 

Keywords: Grin lens; Anticoagulant modification; heparin; chitosan; Layer by layer self-assembly 
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摘要: 目的 探讨染料木素磺酸钠(genistein sodium sulfonate, GSS)对慢性脑缺血大鼠学习记忆

和运动平衡功能的影响。方法 采用改良 2-VO 制作慢性脑缺血大鼠模型，并将大鼠分为 4 组：

假手术组、假手术+GSS 治疗组、2-VO 模型组、2-VO 模型+GSS 治疗组。运用 Morris 水迷宫

实验和新物体识别实验比较各组大鼠空间探索与学习记忆能力；并采用 CatWalk 步态分析系

统比较各组大鼠的步态变化情况。结果（1）与假手术组相比较，模型组大鼠平均逃避潜伏

期明显延长，穿越第Ⅲ象限平台次数减少，且对新物体的相对识别指数也显著减少，甚至出

现新物体识别障碍现象，提示慢性脑缺血大鼠出现空间探索、新物体识别等学习记忆功能障

碍，经 GSS 治疗后，以上症状得到有效缓解；（2）各组步态参数结果显示，慢性脑缺血大

鼠的运动平衡功能失调，经 GSS 治疗后能有效改善，表现为在术后第 8 周大鼠的运动强度、

站姿、摆动时间、摆动速度、步长等各个步态参数均得到有效调节。结论 GSS 能有效改善慢

性脑缺血大鼠的学习记忆能力和运动平衡功能。 

 

关键词： 染料木素磺酸钠；血管性痴呆；水迷宫；新物体识别；步态 
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Abstract: Objective Artificial nerve grafts (NGs) have been actively developed to meet the 

increasing requirements for peripheral nerve injury (PNI) repair. In this study, NGs incorporated 

with extracellular vesicles from skin-derived precursor Schwann cells (SKP-SC-EVs) were 

generated to examine in vivo effects of SKP-SC-EVs on peripheral nerve regeneration. Methods 

SKP-SCs and derived EVs were characterized by morphology and phenotype markers. The effects 

of internalized SKP-SC-EVs on Schwann cell (SC) viability and motoneuron growth were assessed. 

The in vitro release and bioactivity of Matrigel-encapsulated SKP-SC-EVs were determined. NGs 

were fabricated by incorporating Matrigel-encapsulated SKP-SC-EVs to silicone conduits and used 

to bridge the 10-mm long sciatic nerve defect in rats. The in vivo distribution and cellular uptake 

of SKP-SC-EVs in NGs were investigated. Functional, histological and morphometric analysis 

were performed to compare the outcome of sciatic nerve regeneration after bridging with NGs, 

conduits and autografts. Results Internalized SKP-SC-EVs promoted SC viability and motoneuron 

growth. Matrigel-encapsulated SKP-SC-EVs exhibited stable release, and the released SKP-SC-

EVs maintained cellular uptake property and neural activity. SKP-SC-EVs-incorporating NGs 

significantly accelerated the recovery of motor, sensory and electrophysiological functions, 

facilitated axon outgrowth and myelination, and alleviated denervation-induced atrophy. 

Conclusion Our developed NGs improved nerve regeneration in rats with sciatic nerve defect, 

providing a promising design for PNI repair. 

Keywords: skin-derived precursor Schwann cells; extracellular vesicles; nerve grafts; sciatic nerve 

defect; peripheral nerve injury repair 
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Abstract: Trigeminal neuralgia is a severe orofacial pain. Such pain can derive from nerve injuries 

or inflammation in the area called primary allodynia and spread to uninjured area called secondary 

allodynia. However, the mechanisms of trigeminal neuralgia spreading remains unclear. In the 

present study, using a mice model of partial transection of infraorbital nerve (pT-ION), we found 

that after trigeminal nerve injury, the mice showed stable primary and secondary allodynia, and the 

expression of calcium channel subunit α2δ1 (Cavα2δ1) was upregulated. Moreover, virus -mediated 

overexpression of Cavα2δ1 induced painful behaviors in both the skin area subject to virus injection 
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and the adjacent skin area, indicating the pain spreading. In vitro calcium imaging experiments 

showed the excitability of SY5Y cells was increased after Cavα2δ1 overexpression. Protein mass 

spectrometry showed multiple gene expression changes including the genes encoding calretinin, 

calbindin, Gap43 and synaptophysin. Immunohistochemistry showed the upregulation of 5-HT3A 

receptors in both the trigeminal ganglion and the trigeminal nucleus caudalis. Furthermore, 

Cavα2δ1 was found to be colocalized with calretinin, calbindin, Gap43, synaptophysin and 5-HT3A 

receptors. We presume that with a 5-HT3A receptor-dependent manner, Cavα2δ1 mediates the 

spreading of orofacial pain through the potential downstream calretinin, calbindin, Gap43 and 

synaptophysin.   

Keywords: Trigeminal neuralgia; calcium channel subunit α2δ1; calcium-binding protein; 5-HT3A 

receptors 
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Abstract: Objective Ventral Tegmental Area (VTA) dopaminergic neuron group (A10) is one of 

the important subtypes of the midbrain dopaminergic (mDA) neurons which dysfunction may be 

related into several psychiatric disorders such as depression, schizophrenia, and so on. Despite the 

significant achievements in the generation of mDA neurons from pluripotent stem cells (PSCs) in 

vitro, the differentiation process toward subtype-specific mDA neurons especially A10 mDA still 

remains little known. Methods Efficient protocol for differentiation of A10 mDA neurons was 

established by some compounds treated during the critical period of the differentiation process. The 

A10 mDA progenitors were transplanted into brain of adult SCID mice to show the survival and 

maturity of grafts. And the electrophysiological properties and reconstruct neural circuits between 

grafts and host brain region were showed the authentic identity of grafted A10 mDA neurons. 

Results (1) Some compounds mixture showed essentially impact on generation of A10 mDA 

neurons during the special period. (2) The induced-A10-mDA-progenitors succeeded in surviving 

and maturing into A10 mDA neurons. (3) The grafted A10 mDA neurons showed different 

electrophysiological properties and neural circuit with the other subtype. Conclusion We 

efficiently get the protocol of generation of VTA A10 mDA neurons from hPSCs. 

 

Keywords: VTA, A10, dopaminergic neurons, differentiation, stem cells 
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Abstract: Objective Axonal alignment requires the ability of growth cone to sense and interact 

with guidance cues and is vital for peripheral nerve regeneration. However, the guidance cue-based 

repair strategies for long-segment peripheral nerve defect remain unstable to restore the well-

aligned structure of axons as the original nerve, which suggests the existence of other synerg ism 

mechanisms regulating the alignment of regenerating axon. The present study is to explore whether 

the alignment of axon could be regulated by axolemma flow. Methods Here, by beads labeling of 

axolemma of dorsal root ganglia (DRG) tissues culturing in the peripheral nerve matrix 

environment, we detect a retrograde axolemma flow that drives axonal alignment motion through 

alteration of axonal tension. Results (1) Molecular and microscopic observations demonstrate that 

the retrograde axolemma flow is independent of microtubule treadmilling. (2) the upregulated 

neural cell adhesion molecule 1 (NCAM1) on axolemma contributes to the activation of retrograde 

axolemma flow.  Conclusion These findings reveal a novel mechanism of axonal alignment without 

guidance cues and expand our understanding of peripheral nerve self-organization during 

regeneration. 

Keywords: Axonal alignment, Retrograde axolemma flow, Microenvironment, Cell adhesion 

molecules, NCAM1 
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Summary 

Aims: Although the ependymal cells have been reported to have the characteristics of neural stem 

cell (NSCs), the properties of CD133-positive ependymal cells have not been uncovered, in 

particular, it is largely unknown about the effect of Notch signaling pathway on the neurogenesis 

of CD133-positive ependymal cells.  

Methods & Results: By using the transgenic mouse and primarily cultured ependymal cells, we 

found that the immunoreactivity for prominin-1/CD133 was exclusively localized in the 

subventricular zone (SVZ) and ependymal layer of ventricles, moreover, most CD133-positive 

ependymal cells were co-labeled with Nestin. In addition, RBP-J, a key nuclear effector of Notch 

signaling pathway, was highly active in CD133-positive ependymal cells. Our results demonstrated 

that CD133-positive ependymal cells can differentiate into the immature and mature neurons, in 

particular, the number of CD133-positive ependymal cells differentiating into the immature and 

mature neurons was significantly increased following RBP-J deficiency or interference in vivo or 

in vitro. By using real-time qPCR and Western blot, we found that the expression levels of mRNA 
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and proteins were down-regulated in RBP-J and Hes1 while up-regulated in Notch1 following RBP-

J deficiency or interference in vivo or in vitro.  

Conclusions: These results demonstrated RBP-J deficiency promoted the proliferation and 

differentiation of CD133-positive ependymal cells. Therefore, we speculated that RBP-J could 

maintain CD133-positive ependymal cells in the characteristics of NSCs possibly by regulating 

Notch1/RBP-J/Hes1 pathway.  

Keywords: CD133 positive ependymal cell, Notch signaling pathway, RBP-J, neural stem cell, cell 

proliferation and differentiation 
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Abstract: Objective Ischemia conditioning is adaptive endogenous protection, and nonfatal 

ischemic adaptation can provide functional protection against organ or tissue injury. Studies have 

reported that remote limb ischemia conditioning can protect multiple organs including the brain, 

heart, and kidney. Remote limb ischemia conditioning as a noninvasive treatment has attracted 

extensive attention for its potential therapeutic prospects. Spinal cord injury is a serious disabling 

disease and there has been no report on the effects of remote limb ischemic conditioning in spinal 

cord injury. This study aimed to investigate the protective effect of remote limb ischemic 

preconditioning on spinal cord injury and explore its mechanism from the perspective of regulating 

NF-κB inflammatory pathway and inhibiting glial scar formation.  Methods C57/6N mice aged 8 

to 9 weeks were randomly divided into three groups: the sham operation group (Sham), the spinal 

cord injury group (SCI), and remote limb ischemic preconditioning group (RLIPreC). T10 spinal 

cord contusion models were established. BMS score, open field test, and HomeCageScan were used 

to evaluate the motor function of mice in each group. Immunofluorescence staining was used to 

observe the glial scar formation and nerve regeneration in the injured area. NF-κB activation and 

nuclear translocation were examined using immunofluorescence assays. BioLegend's Legendplex 

bead-based immunoassays were used to quantitatively detect the level of inflammatory factors in 

the injured area. Results 1. RLIPreC significantly improved BMS score, increased moving distance 

in the open field, and ameliorated spontaneous behaviors represented by walking, grooming, and 

sleeping. 2. RLIPreC reduced scar formation and increased neuronal axon regeneration in the 

injured area. 3. RLIPreC decreased the expression of pro-inflammatory cytokines IL-23, TNF-α, 

IL-6, IL-27, IL-1α, IFN-γ, and increased the expression of anti-inflammatory cytokine IL-10 in the 

injured area. 4. RLIPreC regulated the activation and nuclear translocation of NF-κB in the injured 

area. Conclusion Remote limb ischemic preconditioning inhibited glial scar formation and 

promoted nerve regeneration by regulating inflammatory response through NF-κB signaling 

pathway, thereby improved motor function in spinal cord injured mice. 

Keywords: Spinal cord injury; remote limb ischemic preconditioning; NF-κB; inflammation; glial 

scar 
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Abstract: objective Wolfram syndrome (WS) is a rare, progressive disorder characterized by 

childhood-onset diabetes mellitus, optic nerve atrophy, hearing loss and neurodegeneration.WS is 

primarily caused by mutation in Wolfram syndrome 1 (wfs1) gene, which encodes protein wolfram 

(WFS1). There are two subtypes in zebrafish, wfs1a and wfs1b. Wolfram syndrome 1b (wfs1b) in 

zebrafish has a high degree of homology with wfs1 in human. Zebrafish is an ideal model for 

studying the nervous system and Mauthner cell (M-cell) is the biggest neuron cell which regulates 

escape response in zebrafish. Besides, M-cell has a capacity of regeneration. Here, we characterize 

WS as a regulator of M-cell axon regeneration and investigate what impact on the nervous system 

and the underlying molecular pathways. Methods CRISPR-mediated genome editing for the 

generation of wfs1b-/- mutants was performed. We used a two-photon laser at 800 nm to ablate the 

M-cell axons, and after 48h, we observed regeneration among the groups in vivo. Whole-mount in 

situ hybridization was performed to investigate time and space expression of wfs1b. OKR behavior 

assay was provided an evidence of optic nerve atrophy. Results (1) M-cell regeneration of wfs1b 

homozygous mutants and heterozygous mutants were suppressed obviously compared to the control 

group while the total length of M-cell axon has no difference among all the control group and the 

experimental groups. (2) wfs1b deficiency may induce ER stress. (3) single-cell electroporation in 

vivo and ER stress inhibitor 4-PBA rescue the suppressed regeneration. Conclusion: wfs1b is 
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essential for the integrative nervous system. Mutation of wfs1b has a negative effect on the CNS 

regeneration 

Keywords: zebrafish; Mauthner cell; regeneration; ER stress 
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Abstract: Objective Regeneration of injured motor or sensory nerve tissues involves different 

signal pathways triggered by distinct microenvironment signals. A variety of neural in vitro and ex 

vivo models is used in the field of nerve regeneration research. However, the ideal model that 

recapitulates the differential regeneration processes of sensory and motor nerve is still missing. The 

present study is to explore whether the spinal cord with anterior root (mainly comprises of motor 

nerves) and posterior root (mainly comprises of sensory nerves) can be a model for comparative 

study of sensory and motor nerve regeneration. Methods Spinal cord tissues with roots were 



September 16-19, 2021 Chongqing 

dissected from neonatal rats and 3D cultured in Matrigel. The survival and migration of neurons in 

the spinal cord were tracked by the Fluoro-Jade C staining and neutral red staining. 

Immunofluorescence labeling of Neuronal Class III β-Tubulin（Tuj1）was used to detect the 

regenerated neurites. Nerve growth factor (NGF) and glial cell line-derived neurotrophie factor 

(GDNF) were used to promote the regeneration of sensory and motor nerves respectively. Results 

(1) After 5 days of ex vivo culture, ~74% of neurons in the spinal cord survived. (2) The surviving 

neurons migrated to the periphery of the spinal cord. (3) We observed robust axons regeneration 

from both anterior and posterior roots. (4) NGF treatment mainly promoted the regeneration of 

posterior roots, and GDNF treatment mainly promoted the regeneration of anterior roots . 

Conclusion These results suggest that the 3D culture of spinal cord with roots is an appropriate 

model for comparative study of sensory and motor nerve regeneration.  

 

Keywords: peripheral nerve regeneration; ex vivo model; sensory and motor nerve; 3D culture of 

spinal cord. 
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Abstract 

Objective: White matter injury contributes to neurodegeneration and cognitive impairment in 

chronically disabled patients. Valproic acid (VPA) inhibits histone deacetylase (HDAC) function 

and probably promotes oligodendrocyte progenitor cell (OPC) proliferation and differentiation; 

however, the relevant molecular mechanisms remain unknown.  

Methods: Focal demyelinating lesion (FDL) was generated in mice by the two-point stereotactic 

injection of lysophosphatidylcholine (LPC) into the corpus callosum. Cognitive functions, 

sensorimotor abilities and histopathological changes were assessed for up to 28 days post -injury 

with or without VPA treatment. Primary OPCs were harvested and used to study the effect of VPA 

on OPCs differentiation following lipopolysaccharide (LPS) stimulation. 

Results: (1) VPA dose-dependently attenuated learning and memory deficits and robustly protected 

white matter after FDL induction, as demonstrated by reductions in SMI-32 and increases in myelin 

basic protein staining. (2) VPA also promoted OPCs proliferation and differentiation and increased 

subsequent remyelination efficiency by day 28 post-FDL induction. (3) VPA treatment did not 

affect HDAC1, HDAC2 or HDAC8 expression but reduced HDAC3 protein levels. (4) In vitro, 

VPA improved the survival of mouse OPCs and promoted their differentiation into 

oligodendrocytes under inflammatory conditions. LPS caused OPCs to overexpress HDAC3, which 

translocated from the cytoplasm into the nucleus, where it directly interacted with the nuclear 

transcription factor PPAR-γ and negatively regulated PPAR-γ expression. (5) VPA decreased the 

expression of HDAC3 and promoted remyelination and functional neurological recovery after FDL.  

Conclusion: These findings support the use of strategies modulating HDAC3-mediated regulation 

of protein acetylation for the treatment of demyelination-related cognitive dysfunction. 

Keywords: Demyelination; Remyelination; Oligodendrocyte progenitor cell; Histone deacetylase 

3; Peroxisome proliferator-activated receptor-γ 
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Abstract: Objective This study was to investigate the effect and mechanismof extracellular 

vesicles (EVs) derivedfrom Skin precursor-derived Schwann cells (SKP-SCs) on nerve growth and 

repair of injured nerve, providinga new strategyfor the treatment of peripheral nerve injury.  

Methods SKPs were isolated and cultured, differentiate SKPs into SKP-SCs under specific 

conditions, and SKP-SC-EVs were isolated and characterized by morphology and phenotype 

marker expression.. The microfluidic axotomizing injury model of DRG neurons were 

established to observe the effect of SKP-SC-EVs on axon regeneration. SKP-SC-EVs were 

investigated by the miRNA sequencing analysis, and the high expression of miRNA was 

verified by qPCR. Bioinformatics was used to analyze and predict the downstream target 

genes of miR-30a-5p, and the dual luciferase reporting system was used for verification. 

The sciatic nerve injury model of rats was established to observe the effect of miR-30a-5p 

in SKP-SC-EVs on nerve regeneration. Results SKPs cultured in vitro grew into spheres 

the differentiated SKP-SCs showed bipolar spindle shape. TEM showed that SKP-SC-EVs 
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were typical cup-shaped depression, NTA showed that the average diameter of EVs was 

148nm, Western blot analysis showed that SKP-SC-EVs positively expressed of CD9, 

CD63, CD81 and TSG101. Internalized SKP-SC-EVs promoted axon growth and 

regeneration of DRG neurons. The miRNA sequencing analysis showed that the expression 

of miR-30a-5p was the highest. The result of qPCR was in good agreement with the 

sequencing results. Based on target gene prediction database and luciferase reporter gene 

detection, Kremen1and Foxg1 were the direct downstream target genes of miR-30a-5p. 

Overexpression of miR-30a-5p significantly promoted axonal growth and regeneration of 

DRG neurons. miR-30a-5p in SKP-SC-EVs significantly promoted axon regeneration, 

myelin formation, motor and sensory function recovery of sciatic nerve, and significantly 

reduced muscle atrophy of hind limbs in rats. Conclusions The miR-30a-5p in SKP-SC-

EVs could promote nerve regeneration by targeting Kremen1 and Foxg1 to activate the 

Wnt signaling pathway. The miR-30a-5p in SKP-SC-EVs could promote sciatic nerve 

regeneration in rats. 
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Abstract: Objective Long intergenic noncoding RNAs (lincRNAs) have been reported to be 

crucial regulators in distinct biological processes especially for development of nervous system. As 

one of the most abundant modifications within eukaryotic RNA, N6-methyladenosine (m6A) has 

recently suggested to play essential roles in brain development, learning and memory. However, 

function and mechanism of m6A-modified lincRNA Dubr during neuronal development remains 

unclear. Methods m6A-modified lncRNAs were detected by immunoprecipitation of m6A antibody. 

The effects of Dubr on neuronal migration and axon projection were performed by in utero 

electroporation of mouse brain. Results (1) RNA-seq and qPCR showed that Dubr was highly 

expressed at the early-stage development of dorsal root ganglion (DRG) and cerebral cortex. (2) 

Knockdown of Dubr impaired axon elongation of DRG neurons and axon projection and migration 

of cortical neurons. (3) Methylation of Dubr is required for axon elongation of DRG neurons and 

migration of cortical neurons. (4) Knockdown of Dubr reduced the proteins level of YTHDF1 and 

YTHDF3, thereby impairing the translation of mRNAs related to neuronal development. 

Conclusion This result suggests an important role of m6A-methylated Dubr during neuronal 

development. 

Key words: m6A methylation; lincRNA, Dubr; axon elongation; neuronal migration; DRG neurons; 

cortical neurons 

 

Back to top ↑ 

mailto:baolan@sibcb.ac.cn


The 14th Annual Meeting of Chinese Neuroscience Society 

 

 

 

P-678 

Etomidate protects retinal ganglion cells from oxidative stress 

injury via Nrf2/HO-1 pathway  

 

Xuan Zhao1,2, Si-Wei You1, Ming-Mei Wu1 * 

 

1 Department of Neurobiology and Collaborative Innovation Center for Brain Science, Air Force 

Medical University, Xi’an, Shaanxi Province, China  

2 Department of Histology and Embryology & Shaanxi Key Laboratory of Brain Disorders, Xi’an 

Medical University, Xi’an, Shaanxi Province, China 

 

*Corresponding author 

Email: wumm33@163.com 

 

Abstract: Objective Our previous research in vivo showed that etomidate (ET) has a protective 

effect on retinal ganglion cells (RGCs) by anti-oxidative stress. This study aimed to determine 

whether ET has a protective effect on primary cultured RGCs damaged by H2O2 stimulation in vitro 

and to explored the possible mechanism of anti-oxidative stress of ET. Methods Cultured RGCs 

were identified by double immunofluorescent labeling of THY1.1 and MAP2. After 4 hours of 

pretreatment with ET of 1, 5 and 10μmol/L, RGCs were damaged by 1000 μmol/L H2O2 stimulation. 

CCK-8 and Annexin V/PI assay were used to detect the RGCs viability and the apoptotic rate at 12, 

24 and 48 hours after H2O2 stimulation. The levels of nitric oxide (NO), malondialdehyde (MDA) 

and glutathione (GSH) in culture mediums were measured at the same time points. RT-PCR and 

Western Blot assay were used to observe the effects of ET on the mRNA and protein expression of 

iNOS, Nrf2, HO-1, GPX1 and acrolein 12, 24 and 48 hours after H2O2 stimulation. Results ET 

protected RGCs apoptosis induced by H2O2 stimulation. It decreased level of NO and MDA 

and increased level of GSH after H2O2 stimulation. Western Blot assay showed ET reduced 

the expression of iNOS, acrolein and increased the expressions of Nrf2 and HO-1 of RGCs at 12, 
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24 and 48 hours after H2O2 stimulation. RT- PCR assay showed ET reduced the expression of iNOS 

and increased the expressions of Nrf2 and HO-1 of RGCs. Conclusion ET has a neuro protective 

effect on primary cultured RGCs damaged by H2O2 in vitro. ET plays an antioxidant role through 

inhibiting iNOS, up-regulating Nrf2/HO-1, decreasing the production of acrolein and increasing 

acrolein scavenging. 

Key words: etomidate; retinal ganglion cells; oxidative stress; neuroprotection 
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Abstract: Axotomy of hippocampal neurons in vitro can induce neurite regrowth. As molecular 

mechanisms involved in the intrinsic neurite regeneration program have been elucidated, so further 

study of the changes of mechanical and electrophysiological properties of axonal injury on 

hippocampal neurons could be instrumental to understand the cellular and molecular mechanisms 
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leading to this regenerative growth. This paper presents a comprehensive of the effects of axotomy 

on hippocampal neurons by employing atomic force microscopy (AFM)-based biomechanical 

technique, patch-clamp technique and laser scanning confocal microscope (LSCM). The study 

found there was significant recovery of biomechanical properties after axotomy as time-lapse. In 

order to reveal the underlying mechanisms of these changes, AFM imaging and LSCM were 

employed to characterize cytoskeletal structural changes of the neurons. Compared to the uninjured 

cells, images of axotomized neurons showed the axons regenerate after disappearance. These 

results demonstrated that the changes cytoskeletal network directly involved in the changes of 

neuronal biomechanical property. In addition, whole cell patch-clamping assay indicated 

significant damage occurred in the injury neurons. After axotomy, the voltage-gated Ca2+ channel 

currents (VGCCs) were diminished, and the VGCCs of injury neurons increased with time, which 

also confirmed that the neuron's performance was restored after the injury. This work may provide 

a new treatment idea based on biomechanics for the neuronal regeneration in the adult brain. The 

research method demonstrated in this work could also be potentially used to evaluate nerve -nerve 

repair drugs interaction systems. 

Keywords: Hippocampal neuron, Axotomy, Atomic force microscopy, Patch clamping 
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Abstract: Objective After spinal cord injury (SCI), a cascade of pathophysiological events 

contributes to microenvironment imbalance, impeding neural regeneration and restoration. Our 

previous research showed that fecal microbiota transplantation (FMT) is beneficial for neural 

restoration in SCI mice. The present study is to explore whether FMT improve the 

microenvironment of the spinal cord to exert neuroprotective effect.  Methods C57BL/6N mice 

were randomly divided into four groups: Sham, Sham+FMT, SCI and SCI+FMT groups. FMT from 

healthy uninjured mice were intragastrically gavaged for four weeks in a moderate SCI group and 

Sham group. Spinal cord perfusion was estimated using Laser Doppler flowmetry. The permeability 

of blood-spinal cord barrier (BSCB) was detected by Evan’s Blue, and the expressions of tight 

junctions were detected by immunofluorescence and western blot. The expressions of neurotrophic 

factors were evaluated by western blot. Neuron was assessed by Nissl staining and the spared 

myelin in white matter was evaluated by luxol fast blue staining.  Results FMT treatment resulted 

in an obvious increase of blood perfusion and enhanced the amplitude of microvascular vasomotion. 

FMT treatment protected against the disruption of BSCB through inhibition of the degradation of 

tight junctions (occludin and zo-1). FMT treatment increased the expressions of neurotrophic 

factors, especially BDNF, NT-3 and NGF. FMT treatment significantly improved the neurons and 

spared white matter. Conclusion Amelioration of spinal cord microenvironment by FMT exerts 

neuroprotective effects on spinal cord injury mice. 

Keywords: fecal microbiota transplantation; microenvironment of spinal cord; blood perfusion; 

blood-spinal cord barrier 
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Abstract: Objective In the current study, we aimed to identify autophagy inducers with potent 

anti-oxidative effect from traditional Chinese medicines (TCMs) in PC-12 cell and C. elegans.  

Methods The autophagy inducers were extensively screened in our herbal extracts library by using 

the stable RFP-GFP-LC3 U87 cells. The components with autophagic induction effect in Trillium 

tschonoskii Maxim. TTM was isolated and identified by using the autophagic activity-guided 
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column chromatography and pre-HPLC technologies, and MS and NMR spectroscopic analysis, 

respectively. The anti-oxidative effect of the isolated autophagy inducers was evaluated in H 2O2-

induced PC-12 cell and C. elegans models by measuring the viability of PC-12 cells and C. elegans, 

with quantitation on the ROS level in vitro and in vivo using H 2DCFDA probe. Results The total 

ethanol extract of TTM was found to significantly increase the formation of GFP-LC3 puncta in 

stable RFP-GFP-LC3 U87 cells. One novel steroidal saponin 1-O-[2,3,4-tri-O-acetyl-α-L-

rhamnopyranosyl-(1→2)-4-O-acetyl-α-L-arabinopyranosyl]-21-Deoxytrillenogenin, 

(Deoxytrillenoside CA, DTCA) and one known steroidal saponin 1-O-[2,3,4-tri-O-acetyl-α-L-

rhamnopyranosyl-(1→2)-4-O-acetyl-α-L-arabinopyranosyl]-21-O-acetyl-epitrillenogenin 

(Epitrillenoside CA, ETCA) were isolated, identified and found to have novel autophagic effect. 

Both DTCA and ETCA could activate autophagy in PC-12 cells via the AMPK/mTOR/p70S6K 

signaling pathway in an Atg7-dependent. In addition, DTCA and ETCA could increase the cell 

viability and decrease the intracellular ROS level in H2O2-treated PC-12 cells and C. elegans, and 

the further study demonstrated that the induced autophagy contributes to their anti-oxidative effect.  

Conclusion Our current findings not only provide information on the discovery of novel autophagy 

activators from TTM, but also confirmed the anti-oxidative effect of the components from TTM 

both in vitro and in vivo. 

Keywords: Autophagy; Trillium tschonoskii Maxim.; Deoxytrillenoside CA; Epitrillenoside CA; 

PC-12; C. elegan 
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Abstract: Objective To explore the molecular mechanism of 14,15-EET(epoxyeicosatrienoic acids, 

EETs) lower the neuronal apoptosis induced by cerebral ischemia reperfusion(I/R) through the 

suppression of neuroinflammation. Methods The expression of inflammatory factors and 

endoplasmic reticulum stress(ERs) associated proteins were detected by mouse inflammation 

antibody array, qPCR, IF and WB methods respectively following transient middle cerebral artery 

occlusion. The molecular mechanism of 14,15-EET inhibiting neuroinflammation were 

demonstrated with the siRNA silencing CHOP expression in cortical neuron. Results (1)The results 

with TTC staining indicated that exogenous 14,15-EET decrease the cerebral infarction caused by 

cerebral I/R;(2) The results of inflammation antibody array showed that 14,15-EET reduce 

inflammatory factors expression levels following cerebral I/R;(3) The cerebral I/R had positive 

influence on the up-regulation ERs associated genes. Furthermore, the preconditioning of 14,15-

EET could not only evidently reverse the process, but also it could enhance the expression of 

Hax1and HSP90;(4) The mRNA levels of ERs associated genes and MCP-1 were reduced with 

14,15-EET treatment in cortical neuron in vitro. Moreover,14,15-EET also reduced the 

transcription of MCP1 gene, and retarded the neuronal apoptosis which could be strengthened by 

siRNA silencing. When the CHOP gene was silent, the level of MCP-1 transcription was further 

reduced by 14,15-EET treatment. Conclusions 14,15-EET can augment the expression of Hax1 and 

HSP90, decline the transcription and expression of ERs induced by cerebral I/R in neurons, 

suppress neuroinflammation and inhibit neuronal apoptosis. 

Key words: 14,15-EET; neuroinflammation; endoplasmic reticulum stress; MCP-1 
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Abstract Objective Traumatic brain injury (TBI) is a significant cause of death and disability in 

China, placing a heavy burden on victims' families and society as a whole. Neuroprotection is a 

potential approach for the treatment of TBI, but no neuroprotective agents or therapy have been 

shown to be effective for such injuries in clinical trials. Our previous study showed that daily 

treatment with Low-intensity pulsed ultrasound (LIPUS) effectively improved the brain damage in 

the subacute and chronic phases after TBI. This study was aimed to explore the neuroprotective 

effect of LIPUS on behavioral outcomes and cerebral blood flow in the acute phase after TBI. 

Methods Mice subjected to controlled cortical impact injury were treated with LIPUS in the injured 

region daily for a period of 2 weeks. The effects of LIPUS on neurological function recovery were 

observed by neurological severity score (NSS), Y maze, and grip strength meter at days 1, 3, 7, and 

14 following TBI. Laser speckle technology was used to detect the cerebral blood flow perfusion 

at the above-mentioned time points. Contusion volume was measured by Nissl staining at 14 days 

after TBI. Results (1) Compared with the sham-operated group and the LIPUS treatment group, 

the NSS score of the TBI model group was the highest, and the NSS score of the t reatment group 

was lower than that of the model group. (2) The results of the Y maze showed that the percentage 
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of spontaneous alternation in LIPUS treatment group was higher than those in the TBI model group. 

(3) A significant increase in grip strength was observed in LIPUS treatment group compared with 

the model group at days 1, 3, 7, and 14 following TBI. (4) The cerebral blood flow in LIPUS group 

at days 3, 7, and 14 following TBI was higher significantly than that of the model group. (5) The 

Contusion volume in LIPUS group was lower significantly than that of the model group at 14 days 

after TBI. Conclusion We demonstrated that LIPUS treatment significantly reduced contusion 

volume and improved behavioral outcomes following TBI. The beneficial effects of LIPUS on TBI 

are associated with the increase of cerebral blood flow perfusion. Our findings suggest that LIPUS 

stimulation could be a promising new technique for treating TBI.  

Key words：LITUS, traumatic brain injury, neuroprotective effect, cerebral blood flow 
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Abstract: Objective Complex regional pain syndrome type 1 (CRPS-I) is a significant health 

problem but the involved mechanism has not been completely understood. Toll-like receptors 

(TLRs) have recently been demonstrated to be expressed in the dorsal root ganglion and involved 

in chronic pain. The present study is to investigate whether TLR8 involved in pain regulation in 

CRPS-1 and its mechanism. Methods Expression of TLR8 in the Dorsal Root Ganglion(DRG) 

neurons in model of CRPS-1 was measured by qPCR and immunohistochemistry. Mice nociceptive 

behavior was detected by von Frey test and Hargreaves test. Results (1) TLR8 was persistently 

increased in the DRG neurons in CRPS-1 model mice. (2) Increase expression of TLR8 were most 

in small and median size DRG neurons. (3) Deletion of Tlr8 in the DRG attenuated CRPS-induced 

mechanical allodynia, hyperalgesia and reduced the activation of ERK and p38-MAPK. 

Conclusion TLR8 contributes to the mediating of thermal and mechanical hypersensitivity in 

CRPS-1 model through increasing MAPK-mediated neuroinflammation.   

Keywords: TLR8; DRG; CRPS-1; Nociceptive behavior; Neuroinflammation 
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Abstract: Objective: Spinal cord injury (SCI) is a serious debilitating disease. The neuroimmune 

regulation after Spinal cord injury(SCI) is crucial in preventing secondary injury. Studies have 

shown that CD3+ CD4- CD8- double negative T (DNT) cells play a positive role in immune-related 

diseases through their immunosuppressive function. However, whether DNT cells could have a 

neuroprotective effect by regulating the immune response after spinal cord injury is still 

unclear. Therefore, we hypothesize that DNT cells could suppress the immune responses at the 

periphery and the injury site, subsequently suppressing the neurotoxic response of reactive 

astrocytes and the formation of glial scars, therefore play a neuroprotective role after SCI. 

Methods: (1) DNT cells were derived from the spleen and lymphatic gland of 6-8w mice by cell 

sorting using FACS AriaII flow cytometer and was administrated via tail vein injection immediately 

after SCI(2)SCI was induced by using Infinite Horizons Impactor to deliver a 70-kilodyne impact 

to the T10 spinal cord, the motor function of the animal was evaluated by BMS score;(3)  Astrocytes 

activation and scar tissue were evaluated by immunohistochemistry staining of GFAP;(4)Cytokines 

were detected using Bio-Plex multiplex immunoassay system. Results:(1)After SCI, the motor 

function of DNT cell treated mice was improved compared to the control 

group. (2) Immunohistochemistry staining showed a decrease of GFAP expression in the epicenter 

of injury in the DNT cell treated group. (3) Cytokine assays showed a decreased level of multiple 

inflammatory factors in the injured tissue in DNT cell treated group. Conclusion: DNT cells could 

elicit its neuroprotective effect via suppression of the immune responses at the injury site, and 

subsequently suppressing the neurotoxic response of reactive astrocytes and the formation of glial 

scars. 

Keywords: Double negative T cells, spinal cord injury, astrocytes, neurorepair, immune cell 

therapy 
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摘要：目的：探讨不同浓度的 Aβ1-42寡聚体（beta amyloid peptide oligomer，Aβo）对单个海

马神经元的影响及机制。 

方法：取新生乳鼠的海马神经元进行体外培养，7 天后分为对照组（正常海马神经元 ）和实

验组（加入终浓度 5μM/10μM/15μM/20μM/25μM 的 Aβo 处理），于 37℃，5%CO2培养箱中

培养 24h。在倒置显微镜下观察各组细胞形态变化；使用 CCK-8 法检测 Aβo 处理后海马神经

元活性，根据细胞活性结果将 Aβo 分为低浓度组（5μM）和高浓度组（10μM）。基于新型

的生物物理学方法研究 Aβo 对单个海马神经元的影响及机制：分别使用原子力显微镜

（AFM），膜片钳和激光共聚焦拉曼光谱仪（Raman）检测对照组，Aβo 低浓度组和 Aβo 高

浓度组单个海马神经元的形貌及力谱，电生理信号和光谱学信息，分析其对力学参数，电压

依赖性 Ca2+电流和化学成分的影响；并辅以传统生物学方法进行验证：分别使用 phalloidin, 

β-III tubulin 抗体，vimentin 抗体及 DAPI 对对照组，Aβo 低浓度组和 Aβo 高浓度组单个海马

神经元的细胞骨架及核进行染色，染色完成后在激光共聚焦显微镜下观察细胞骨架及核的变

化；使用热场发射扫描电镜（SEM）观察对照组，Aβo 低浓度组和 Aβo 高浓度组单个海马神

经元的形态变化； 

http://waiter.www.so.com/postcode/s?q=400700
http://waiter.www.so.com/postcode/s?q=400700
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结果：与正常神经元相比 Aβo 处理后海马神经元的轴突变短，胞体皱缩，树突棘减少，生长

锥减少，突起之间连接减少；且 Aβo 损伤后海马神经元杨氏模量和膨胀压增加，细胞膜硬度

增加；粘滞功和最大粘附力减小，弹性能增大；细胞骨架（肌动蛋白微丝，微管蛋白及波形

蛋白）含量减少，细胞正常架构被 Aβo 破坏；细胞内蛋白质和核酸含量减少。Aβo 引起细胞

内 Ca2+水平增加，渗透压增强，引起神经元功能损伤，且高浓度的 Ca2+阻碍可溶性 APP 形

成，进一步加剧 Aβ 的异常集聚，从而导致更严重的损伤。 

结论：本研究揭示了用 Aβo 对体外培养的单个海马神经元进行处理，会影响神经元的力学性

质，电生理性质及化学组分，从而改变海马神经元的骨架结构及生理状态，损伤海马神经元

功能。多角度研究 Aβo 损伤单个海马神经元的生物物理特性和生物化学特性可以更全面的了

解神经元的药物损伤机制。 

关键词： Aβo， 原子力显微镜 AFM， 膜片钳，拉曼光谱 Raman，细胞骨架，SEM 
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Abstract: Objective Chronic hypoxia can cause cognitive dysfunction, but its molecular 

mechanism remains unclear. α-Synuclein is an important protein involved in chronic nerve injury, 

but whether it is involved in hypoxia-induced nerve injury is obscure. α-Synuclein phosphorylation 

at ser129 site can increase its neurotoxicity, and PP2A is the only key enzyme regulating the 

dephosphorylation of α-synuclein. In the present study, we explore whether α-synuclein 

phosphorylation mediated by PP2A inhibition involves in hypoxia-induced nerve injury. Methods 

Hypoxic mice was established with 13% oxygen concentration, their behaviors were evaluated by 

open field, rotarod test, new object recognition, water maze, cerebral injury were measured by Nissl 

staining. The phosphorylation of α-syn and the activity of PP2A were measured by WB, 

immunofluorescence and ELISA. Meanwhile, α-syn knockout mice were used to further clarify the 

role of α-syn in hypoxic brain injury, PP2A agonist and inhibitor were used to clarify the role of 

PP2A on α-syn phosphorylation and hypoxic brain injury. Result (1) Hypoxia induced nerve injury 

and irreversible cognitive impairment, accompanied by an increase in α-synuclein phosphorylation 

and a decrease in PP2A activity. (2) α-Synuclein knockout alleviated nerve injury and reversed the 

decline in PP2A activity in hypoxic mice. (3) Activation of PP2A reverses hypoxia-induced α-

synuclein phosphorylation and neurotoxicity. Conclusion α-Synuclein phosphorylation mediated 

by PP2A involves in hypoxia-induced nerve injury. 

Keywords: α-synuclein; hypoxia; PP2A; nerve injury; phosphorylation 
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长链非编码 RNA-AK046375 通过调控 microRNA 减轻小鼠脑

创伤后氧化应激损伤的作用及其机制研究 

 

摘要 

目的 ： 研究表明，长链非编码 RNA(long non-coding RNA, lncRNA)在中枢神经系统疾病及

发育过程中起着重要的作用；在前期实验中，我们发现 lncRNA-AK046375 是因创伤性脑损

伤（traumatic brain injury, TBI）差异表达最明显的 lncRNA之一。本实验旨在探究 AK046375

在小鼠 TBI 后的神经保护作用及其机制研究。 

方法：1）在体实验：采用 CCI 模型，采用侧脑室注射 AK046375 过表达或敲低腺病毒，免

疫印迹和免疫荧光检测检测神经元数量，紧密连接蛋白（occludin、ZO1、claudin 5），凋亡

相关蛋白（BCL2、Bax、cleaved-caspase3、Cytochrome c）的表达；伊文思蓝渗透实验及干

湿重法检测血脑屏障的损伤；一步法 TUNEL 凋亡试剂盒检测细胞凋亡；NSS 评分，抓线实

验及水迷宫实验检测小鼠神经运动功能。 

 2）离体实验：构建 AK046375 HT22 细胞过表达模型，通过二代测序及高通量分析预测

AK046375 的作用与介导此作用的基因；提取小鼠原代皮层神经元及星型胶质细胞，原位杂

交技术检测 AK046735 在神经元及星型胶质细胞的亚细胞定位；免疫印迹、免疫荧光、q-

PCR 检测 AK046375 的转染效率，金属硫蛋白 2（Metallothionein 2， MT2）的表达。建立

H2O2 诱导的神经元和星型胶质细胞氧化应激模型，免疫印迹和免疫荧光检测氧化应激相关

蛋白(MT2、CAT、MDA、SOD2、GSH、GSSG、GSH/GSSG)，凋亡相关蛋白（BCL2、Bax、

cleaved-caspase3、Cytochrome c）和 mitoSOXred 的表达变化；通过查找“microrna.org”数据

库并整合“miRanda”、“PITA”和“RNAhybrid”三个分析软件，预测 AK046375 调控 MT2 表达

的可能 miRNAs，采用 AGO2-RIP 及双荧光素酶实验验证；采用 AK04635 过表达或敲低腺病

毒与 miRNA-491-5p mimics 或 inhibitor 共转染星型胶质细胞检测二者对 MT2 的调控。 

结果： 1、在体实验：与过表达空载组相比，AK046375过表达能减少伤灶周围细胞凋亡和神

经元丢失，减轻血脑屏障的破坏，改善小鼠 TBI 后运动、记忆和学习能力。 



September 16-19, 2021 Chongqing 

2、离体实验：1）AK046375 在胞浆和胞核均有分布，但主要分布于胞浆，说明其在调控基

因的表达起重要作用；2）二代测序及高通量分析发现：MT2 是因 AK046375 过表达而差异

表达最为明显的 mRNA 之一，说明 AK046375 可能发挥了抗氧化应激的生物学作用；3）证

实 AK046375 通过增加 MT2 的表达，进而减轻 H202 诱导神经元和星型胶质细胞的氧化应激

反应和细胞凋亡；4）双荧光素酶实验证实 miRNA-491-5p 能够直接结合 MT2，并抑制其表

达。双荧光素酶实验和 AGO2-RIP 实验证实 AK046375 能吸附 miR-491-5p, 且 miR-491-5p 能

部分逆转 AK046375 增加 MT2 表达的能力。 

结论： AK046375 通过吸附 miR-491-5p，减少 miR-491-5p 对 MT2 的抑制作用，使 MT2 表达

增加进而发挥其抗氧化应激作用，改善小鼠 TBI 后神经运动功能。 
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Abstract： 

OBJECTIVE: Subarachnoid hemorrhage (SAH) refers to a clinical syndrome caused by the 

rupture of diseased blood vessels at the base of the brain or on the surface of the brain, and the 

blood directly flows into the subarachnoid space. The main cause is the rupture of the intracranial 

aneurysm, which accounts for all 85% of SAH patients. The mortality rate of SAH patients is as 

high as 51%, most of them occur 2 weeks after SAH, especially within 24 hours after hemorrhage, 

and more than half of the survivors have various neurological complications, and about one -third 

of survivors have no self-care ability for life.Early brain tissue damage after SAH often occurs 

within 72 hours after SAH, specifically called early brain injury (EBI). At present, studies have 
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suggested that white matter damage and its mechanism in EBI are the basis for intervention and 

treatment of SAH patients. 

METHODS: A stable internal carotid artery puncture SD rat model of SAH was establ ished. The 

sham operation group did not pierce the internal carotid artery. The intervention group was injected 

with the corresponding virus or recombinant protein through the lateral ventricle. ① Sixty SD rats 

were divided into sham operation group (Sham) and five time groups (3h, 6h, 12h, 24h, 72h after 

SAH). Expression of amyloid precursor protein (axonal injury marker protein, β -APP) and double 

leucine zipper kinase (DLK) was detected by WB and immunofluorescence. ② ninety SD rats were 

divided into Sham group, surgery group (SAH), virus control group (AAV9-Con), DLK knockdown 

group (AAV9-DLK-RNAi), recombinant protein empty vehicle group (Recombinant vehicle), DLK 

recombination Protein group (Recombinant DLK). The neurological behavior of rats was 

determined by Modified Garcia nerve score, balance beam and Rota-Rod latance, and the water 

content of rat brain tissue was determined by dry and wet weight method. Immunofluorescence was 

used to detect the expression of β-APP and DLK. ③ Intralateral ventricle injection of adeno-

associated virus or DLK recombinant protein to knock down DLK, MKK7 or JIP3, and overexpress 

DLK, respectively, and detect DLK/MKK7/JIP3/p-JNK signaling pathway by WB. 

RESULTS: ① It was found that β-APP and DLK in axons reached a peak 24 h after SAH (P<0.05). 

② By testing behavioral and cerebral edema, compared with the AAV9-Con group, knockdown of 

DLK effectively improved the neurobehavioral of rats and reduced white matter brain water content 

(P<0.05). Compared with the Recombinant vehicle group, overexpression of DLK significantly 

aggravated neurobehavioral performance in rats and aggravated brain edema (P<0.05). The results 

of immunofluorescence showed that inhibition of DLK could effectively reduce the positive rate of 

β-APP, while overexpression of DLK would result in the accumulation of β-APP (P<0.05). ③ By 

detecting the DLK/MKK7/JIP3/p-JNK signaling pathway, it is known to compare with the AAV9-

Con group: After knocking down DLK, the expressions of DLK, MKK7, p-JNK and β-APP were 

significantly reduced (P<0.05), while JIP3 was increased(P < 0.05). After overexpression of DLK, 

the expressions of DLK, MKK7, p-JNK and β-APP were significantly increased, while JIP3 

expression was not statistically different(P>0.05). Knockdown of MKK7 reduced MKK7 and p-

JNK (P < 0.05), while DLK, JIP3 and β-APP expression were not statistically different(P>0.05). 

Knockdown of JIP3 reduced MKK7, JIP3 and p-JNK (P<0.05), while DLK and β-APP expression 

was not statistically different(P>0.05).  

CONCLUSION: In the early brain injury after SAH in rats, there was axonal injury in the 

subcortical white matter region, which reached a peak at 24 h after SAH. Knockdown of DLK 
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effectively protects nerve function and reduces tissue edema in the white matter area, reducing  

axonal degeneration damage. DLK-mediated axonal injury after SAH in rats may be regulated by 

DLK/MKK7/JIP3/p-JNK signaling pathway. 

Key words: SAH, early brain injury, axonal injury, DLK, β-APP 
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Abstract:   Objective   Neuron   loss   caused   by    traumatic    brain    injury    (TBI)    leading    

severe  disability and neurological dysfunction, which bringing great mental stress and economic  

burden  to  patients  and  their  families. However, there are  still  no  effective  treatment  to  restore  

impaired  neurofunctions.  Recent  study reported  that  ANXA2  gene  deficiency   mice   have   

worse   long-term   neurological   deficits   after   TBI.  Whether  Annexin  A2  participates  in  

nerve  regeneration  process  after  TBI  has   not   been   reported.   The  present  study  is  to  

explore whether   Annexin   A2   is   a regeneration  factor  of   TBI  mice.  Methods   Firstly,   we 

established a mouse TBI model through Controlled Cortical Impact (CCI) to detect  the  expression  

and distribution  of  Annexin  A2,  and  then  interfere  ANXA2  expression  in  TBI  mice  to  

detect  its   role   of   Annexin  A2  on  neural  function   recovery   after TBI.  Secondly,  we  tested  
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the  effect  of  ANXA2  interference   or over-expression on the proliferation  and  migration  of  

neural  progenitor  cells  in  neurospheres  cultures  and  SVZ  explants.  Finally,  we  apply  

recombinant  annexin  2  (rA2)  in  vivo   and   in   vitro   to  explore   the molecular  mechanism  

of  Annexin  A2  on   promoting   neural progenitor   cells proliferation  and  migration.. Results 

(1) DCX-positive neural  progenitor  cells  were  found  in  all samples  of  three  adult  human  TBI  

brain,  and these cells simultaneously expressed Annexin A2. (2) The expression of Annexin A2 in 

the injured hemisphere after CCI was significantly  increased  begin  at  the  6th  hour,  and  

continued  to increase  until  it  reached  a  peak  on the 7th day and then  gradually  decreased.  

Immunostaining  confirmed  that  the  increased  Annexin  A2 expression was mainly distributed 

near the  injured  side  of  SVZ,  and  it  was  co-expressed  in DCX  positive  cells in the SVZ area. 

(3) Down-regulate the expression of Annexin A2 in the brain of mice after CCI, reduced the 

performance of NSS and wire grip test , which indicate weakened motor-sensory functional 

recovery. And it also increased the latency for find the hidden platform, reduced the proportion of 

time spent in the platform quadrant and reduced the times crossed the original hidden platform 

position in MWM test, that indicate more worsen learning     and memory ability. (4) Down-regulate 

the expression of Annexin A2 in neural progenitor cells, reduced the ratio       of BrdU positive 

cells in neurospheres and reduced the migration distance of neural progenitor cells in SVZ explants ; 

Up-regulate the expression of Annexin A2 in neural progenitor cells, increased the ratio of BrdU 

positive cells in neurospheres and increased the migration distance of neural progenitor  cells  in  

SVZ  explants.(5)The  phosphorylation of PDK1ser241 and downstream  molecule  Aktser473  and  

Girdins-1416  were  increased  after  rA2 treatment in neurosphere in  vitro  by  western blotting. 

Continuous injection of rA2 in the lateral ventricle in mice  after CCI increased the proportion of 

DCX positive area in the SVZ , and increased the number of DCX/NeuN double- positive cells and 

BrdU/NeuN double-positive cells in peri-injury site. And it also increased the number of DCX 

positive cells in the SGZ (### p <0.001) and the number of BrdU/NeuN double-positive cells 

hippocampus by immunostaining. OSU-03012 abolished the effect of rA2 on neuroblast 

proliferation and migration. Conclusion Annexin A2 promote neural progenitor cell proliferation 

and migration through activates PDK1-Akt-Girdin signaling pathway after TBI. 

Keywords: Traumatic Brain Injury, Neural Regeneration, Neural Sem Cell, Neuroblast, Annexin 

A2 
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Selective activation of cannabinoid receptor-2 reduces white 

matter injury via PERK signaling in a rat model of traumatic 

brain injury 

 

Abstract: 

Background and Purpose: Traumatic brain injury (TBI) destroys white matter, and this 

destruction is aggravated by secondary neuroinflammatory reactions. Although white matter injury 

(WMI) is strongly correlated with poor neurological function, understanding of white matter 

integrity maintenance is limited, and no available therapies can effectively protect white matter. 

One candidate approach that may fulfill this goal is cannabinoid receptor 2 (CB2) agonist treatment. 

Here, we confirmed that a selective CB2 agonist, JWH133, protected white matter after TBI. 

Methods: The controlled cortical impact (CCI) was used to establish a moderate TBI model in 

adult male Sprague-Dawley rats (8–10 weeks, 250–300g). The motor evoked potentials (MEPs), 

open field test, and Morris water maze test were used to assess neurobehavioral outcomes. Brain 

tissue loss, WM damage, Endoplasmic reticulum stress (ER stress), and microglia responses were 

evaluated after TBI. The functional integrity of WM was measured by diffusion tensor imaging 

(DTI) and transmission electron microscopy (TEM). Primary microglia and oligodendrocyte 

cocultures were used for additional mechanistic studies. 

Results: JWH133 increased myelin basic protein (MBP) and neurofilament heavy chain (NF200) 

levels and anatomic preservation of myelinated axons revealed by DTI and TEM. JWH133 also 

increased the numbers of oligodendrocyte precursor cells and mature oligodendrocytes. 

Furthermore, JWH133 drove microglial polarization toward the protective M2 phenotype and 

modulated the redistribution of microglia in the striatum. Further investigation of the underlying 

mechanism revealed that JWH133 downregulated phosphorylation of the protein kinase R (PKR)-

like endoplasmic reticulum (ER) kinase (PERK) signaling pathway and its downstream signals 

eukaryotic translation initiation factor 2 α (eIF2α), activating transcription factor 4 (ATF4) and 

Growth arrest and DNA damage-inducible protein (GADD34); this downregulation was followed 

by p-Protein kinase B(p-Akt) upregulation. In primary cocultures of microglia and 

oligodendrocytes, JWH133 decreased phosphorylated PERK expression in microglia stimulated 

with tunicamycin and facilitated oligodendrocyte survival. These data reveal that 
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JWH133ultimately alleviates WMI and improves neurological behavior following TBI. However, 

these effects were were prevented by SR144528(i.p. injection 3 min before receiving JWH133 

intraperitoneally), a selective CB2 antagonist. 

Conclusions: This work illustrates the PERK-mediated interaction between microglia and 

oligodendrocytes. In addition, the results are consistent with recent findings that microglial 

polarization switching accelerates WMI, highlighting a previously unexplored role for CB2 

agonists. Thus, CB2 agonists are potential therapeutic agents for TBI and other neurological 

conditions involving white matter destruction. 

Keywords: Traumatic brain injury; Cannabinoid receptor-2; white matter injury; Endoplasmic 

reticulum (ER) stress; microglial polarization; oligodendrocyte 

 

Back to top ↑ 

 

 

P-692 

Brain-derived neurotrophic factor promotes neuroblast 

migration via reactive astrocytes in the experimental traumatic 

brain injury 

 

Na Wu1,2, Chao Zhou1, Jin Yan1, Xiaochuan Sun1,* and Chongjie Cheng1,*
 

1 Department of Neurosurgery, The First Affiliated Hospital of Chongqing Medical University, 

Chongqing 404000, China 

2 Department of Pediatric surgery, Chongqing University Three Gorges Hospital, Wanzhou District, 

Chongqing 404000, China 

 

*Corresponding author 

E-mail: sunxiaochuan@cqmu.edu.cn, 358187887@qq.com. 

mailto:358187887@qq.com


September 16-19, 2021 Chongqing 

 

Abstract: Objective Traumatic brain injury (TBI) not only causes brain damage, but also triggers 

the neural regeneration process, including neural progenitor cells proliferation, migration and etc. 

However, the characteristics and underlying mechanisms of endogenous neuroblast migration after 

TBI are still poorly understood. The present study is to explore whether brain-derived neurotrophic 

factor (BDNF) is the key factor associated with neuroblast migration after TBI. Methods The adult, 

male C57BL / 6J mice were randomly divided into sham group and TBI group, and then a moderate 

TBI model was established by CCI. Immunostaining was used to detect the expression trend of 

neuroblasts, BDNF and reactive astrocytes in peri-injured hemispheres at 1, 3, 7, 14 and 21 days 

after CCI. Results (1) The neuroblast migrated from SVZ to cortex, and arrived lesion area on day 

7 after TBI. (2) BDNF immunoreactivity was significantly higher in peri-lesion area than in peri-

SVZ area on different time courses post-TBI; The concentration gradient of BDNF might be a key 

factor stimulating neuroblast migration after TBI. (3) TBI induced astrocyte reaction; The reactive 

astrocytes induced the expression of BDNF to influence neuroblast migration. Conclusion BDNF 

promotes neuroblast migration via reactive astrocytes in the experimental traumatic brain injury.  

Keywords: Traumatic brain injury; Brain-derived neurotrophic factor; Reactive astrocyte; 

Neuroblast migration 
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ABSTACT: Aim Irreversible loss of neurons following spinal cord injury (SCI) usually results in 

persistent neurological dysfunction. The generation of autologous neural stem /progenitor cells 

(NSPCs) holds great potentials for neural cell replacement or replenishment therapies as well as 

drug screening in SCI. The aim of present study is to develop more efficient reprogramming of 

astrocytes to neural stem cells for cell-based therapies for SCI. Methods Primary astrocytes from 

spinal cord were transfected with lentiviral Oct4-pHIV-HB2 and further stimulated with the 

microencapsulated release of sonical hedgehog (Shh) at various concentrations (10-50ng/ml) for 3, 

7 and 14 days. Concomitantly the self-renewal capacility and multipotential astrocyte-derived 

NSCs were assessed using QPCR, western-blot, immunostaining, Brdu incorporation, cell cycle 

analysis, RNA-seq analysis and so on. In addition, the astrocytes-derived NSCs were induced with 

neural conditioned medium and determine the differentiation potential to give rise to the functional 

neurons. Finally the mechanism underlying the cellular reprogramming activity of Oct4 and Shh 

was further investigated to determine the alteration of SOX2 and Ptc/Gli2 downstream signaling 

by means of the QPCR and western-blot, and immunostaining assays. Results we show that mature 

astrocytes be directly converted to NSPCs by a single transcription factor, Oct4, in vitro, displaying 

a typical neuropherical morphology, wild-type NSPC gene expression profiles, substantially self-

renewal capacity, and multipotency. Strikingly, Oct4-driven reprogramming of astrocytes to 

NSPCs was potentiated with the continuous sonic hedgehog (SHH) stimulation, as demonstrated 

by a speeded-up reprogramming process and increased conversion efficiency. Moreover, the 

NPSCs derived from astrocytes can differentiate into neurons and glial cells like authentic NPSCs. 

Importantly, The crosstalk between Sox2/Shh-targeted downstream signals and 

phosphatidylinositol 3-kinase/cyclin-dependent kinase 2/Smad ubiquitin regulatory factor 2 

(PI3K/Cdk2/Smurf2) signaling is likely involved in the mechanisms underlying this cellular event. 

Conclusions: Astrocytes transduced with single transcription factor Oct-4 into NSPCs in 

combination of induction microencapsulated Shh can effectively reprogram into NSPCs for the 

treatment of SCI. The highly efficient reprogramming of astrocytes to generate NPSCs is mediated 

through Sox2/Shh-targeted downstream signals and phosphatidylinositol 3-kinase/cyclin-

dependent kinase 2/Smad ubiquitin regulatory factor 2 (PI3K/Cdk2/Smurf2) signaling. The strategy 

using a single transcription factor in combination with defined factor may provide an alternative 
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approach for facilitates future therapeutic applications for repair of injured spinal cord via 

autologous cell-based replacement. 

Key words: astrocyte; neural stem cells; reprogramming; differentiation; Oct4; Sonic hedgehog; 

SCI. 
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Abstract:  

Objective Brain modeling and brain-inspired algorithms heavily rely on the simulation and analysis 

of neurodynamic systems. At the simulation aspect, existing software frameworks adopt two 

different methods: model programming based on low-level languages (such as C++ or CUDA), or 

code generation based on descriptive languages (such as texts or json files). The former endows 

users with the full flexibility but requires expert knowledge and has a steep learning curve. The 

latter is easy to use, but the code logic controlling, the debugging and the code error correcting are 

not friendly for users. Moreover, the inherent limited expressive power of descriptive languages 

reduces coding flexibility, making them unable to describe all aspects of computational 

experiments. At the analysis side, current neural simulators cannot give any analytic insights for 

the dynamical models.  

Methods Here, we present BrainPy (https://github.com/PKU-NIP-Lab/BrainPy), an integrated 

simulation and analysis Python framework for neurodynamics in computational neuroscience (CN) 

and brain-inspired computing (BIC).  

Results First, BrainPy provides general numerical solvers for the major classes of differential 

equations that arise from CN and BIC domains, including ordinary differential equations, stochastic 

differential equations, delay differential equations and fractional differential equations. Second, by 

introducing the just-in-time (JIT) compilation, BrainPy translates arbitrary user-defined brain 

objects (e.g., neurons, synapses, somas, dendrites and networks) into fast machine codes. Third, by 

integrating abstract syntax tree (AST) parsing and computer numerical methods, BrainPy supports 

phase plane, bifurcation, continuation and sensitive analysis for low-dimensional dynamical models.  

https://github.com/PKU-NIP-Lab/BrainPy
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Conclusion Overall, BrainPy features user-friendly and concise programming syntax. By 

employing the JIT approach, it endows users with the fully data/logic flow control while 

simultaneously preserving high simulation efficiency on CPU and GPU devices. What’s more, the 

same models can also be used for neurodynamics analysis, thus further guiding the simulation 

process and accelerating the whole system design. 

Keywords: neuronal dynamics; spiking neural networks; neural simulator; computational 

neuroscience; brain-inspired computing 
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Abstract: Objective Detecting small civil drones under complex background in infrared videos is 

an important yet challenging task. Many traditional methods are developed based on deep 

convolutional neural networks, mainly making use of static visual information. Nevertheless, their 

performance in complex background scenarios is yet far from the human being. Methods Inspired 
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by the retina mechanism, on the one hand, this paper designs a method that extracts spatio-temporal 

motion information by the magnocellular pathway model. On the other hand, the object confidence 

map in terms of static visual features is obtained by the deep convolutional neural networks. 

Subsequently, the final object probability map is computed by fusing the static information and the 

spatio-temporal motion information. Results According to the evaluation results obtained on the 

CVPR2020 Anti-UAV dataset, the proposed method yields a detection accuracy value of 86.90%, 

outperforming the widely used YOLO-v3 algorithm. Conclusion The retina magnocellular pathway 

model can help extract spatio-temporal motion information, facilitating a subsequent infrared drone 

detection task under complex background. 

Keywords: infrared object detection, complex background, drone detection, retinal algorithm, deep 

convolutional neural networks 
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Abstract: According to the norm-based coding theory, faces are coded relative to a perceptual 

norm. Previous studies have suggested that the average face may function as a perceptual norm for 

coding face identity. However, it remains unclear whether sex-specific norms or a generic, 

androgynous norm is used for different genders of faces. Some fMRI experiment results indicated 

the androgynous norm may be used for face coding. We explorer this question from the perspective 

of the computational model. We investigated distances between individual faces and the norm faces 

using the convolutional neural network models (CNN, e.g., VGG-face, Vgg-16, Alex-net) and the 

cortical model (HMAX) that is biologically motivated architecture for computer vision, and 

compared them with the corresponding distance of fMRI signal in the human ventral visual pathway. 

We found that the relationship between CNN model distance and neuron response distance based 

on the androgynous norm was closer than that based on the sex-specific norm. The HMAX model 

also appeared the similar findings. Furthermore, we compared the performance of different layers 

in CNN models and different patches in the HMAX model. The performance of every patch and 

every layer was consistent with the above-mentioned results. The correlation between CNN model 

distance and neuron response distance based on androgynous norm did not change across different 

layers. However, the correlation between HMAX model distance and neuron response distance 

dramatically changed across patches, with the position of the peak of the correlation coefficients 

consistent with the visual pathway. Similar to fMRI experiment results, our results indicate that the 

convolutional neural network adopts the androgynous-norm-based face coding. Simple models like 

the HMAX may simulate brain activities better than the convolutional neural network.  

Keywords: norm-based face coding; convolutional neural network; HMAX model; fMRI 
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A comprehensive cellular atlas of mouse brain 

 

Abstract: Histological studies of mammalian brain are ubiquitously based on Nissl-stained 

neuronal morphology and their areal distribution. However, despite the complexity of the entire 
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brain and individual cells, most of these studies relied on images of discrete 2D thin slices. Here 

we introduced a method for constructing brain atlases by combining high-resolution volumetric 

imaging of whole mouse brain, deep-learning-based 3D cellular segmentation of Nissl-stained cells, 

and statistical analysis of the spatial organization of all brain cells. With this approach, we 

generated a comprehensive 3D cell atlas of the mouse brain revealing the shape, density, and spatial 

organization of all neurons. Also, we show that the shape and spatial distribution of the neurons 

are capable for cell classification and brain parcellation. 
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Abstract: Objective Jump is one of the common stereotyped behavior in rodents. It can be found 

in the natural state of some types of mice and certain types of disease models such as addiction . 

However, the analysis of jumps still mainly relies on manual operation, which is time-consuming 

and inaccurate. More importantly, manual analysis cannot be done in real-time. But real-time 

detection, combined with fiberphotometry and optogenetics, may provide a powerful way to 

explore the detailed mechanisms of the jump behavior. Methods We built a system by using a 

pressure sensor connecting with an Arduino microcontroller board to do a real-time recording of 

jumping behavior. In the meantime, the Arduino records in the system could convert the pressure 

signal of the jumping behavior to the digital signal to external devices, such as fiberphotometry 

system to tag the GCaMP6 transients related to the jumping behavior in real-time. We use Naloxone 

precipitated withdrawal mice model to test its accuracy and effectiveness. Results (1) The system 

could accurately record the number of jumps and provide detailed information for the jump 

behavior. (2) The system can mark the jump events through TTL signal in real-time to synchronize 

the neuronal activities in the primary motor cortex and medial prefrontal cortex and the jumping 

behavior. Conclusion Our system may be a powerful tool for stereotyped behavior research and a 

potential treatment strategy for the stereotyped behavior in diseases. 

Keywords: Arduino; Jump; stereotyped behavior; mouse 
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Abstract: Multisensory integration has been a subject of intense research for many years. How to 

combine visual and auditory cues is a significant problem both in the field of machine learning and 

neuroscience. Current algorithms on visual-auditory integration commonly concatenate original 

sensory inputs or features, or sum up their output probability directly, rarely considering how the 

brain integrates various modalities. Neuroscientists proposed that the brain integrates multiple cues 

by weighting them in proportion to their reliability dynamically. Moreover, they established 

Bayesian integration model to simulate that process. Inspired by that, we proposed a multimodal 

channel-wise attention transformer (MCAT) which attends modality more reliable and apply it in 

both classical and state-of-art neural networks on fine-grained video recognition task and emotion 

recognition task. Our experimental results indicate that our proposed MCAT is an effective module 

to integrate multisensory information and improves the performance of both of classical and state-

of-art neural networks. 

Keywords: Multisensory Integration; Bayesian Integration Model; Multimodal Transformer; Fine-

grained Video Bird Recognition; Emotion Recognition 
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Abstract: Objective Intracortical brain-machine interfaces (iBMIs) aim to directly convert neural 

signal into control commands of external device. A challenge in iBMIs is that the static decoder 

trained by historical data could not decode new data accurately, therefore, the decoder always need 

to be recalibrated before using properly. This is caused by the nonstationarity of the neural 

recordings, and the nonstationarity leads to the disparities between the historical data and current 

new data.To reduce the burden in decorder recalibration and improve the decoding performance, 

we proposed a decoder calibration method that could diminish the disparities between different 

days’ neural signals by selecting stable and important channels. Methods: A public dataset that 

was provided by the Sabes Lab was used in this study. Raw neural signals were sampled at 24.4kHz, 

and were re-referenced by common average reference to remove common noise. Then the re-

referenced signals were applied with a low-pass filter at 300Hz and were downsampled to 1kHz to 

obtain the local field potentials (LFPs). A moving average filter with a window width of 256ms 

and a moving step length of 4ms was used to process the LFPs to get local motor potential (LMP). 

The LMP was used as the features for decoding in this study. We used relieff algorithm to calculate 

the correlation between the LMP of each channel and the motion parameters to obtain important 
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channels that had large correlations. Then, the mutual information between LMP and the 

corresponding same trajectory on different days was used to obtain the stable channels that had 

greater mutual information. Finally, all channels were ranked in descending order of correlation 

value and mutual information. We set a threshold to select the important and stable channels for 

decoding. We also tested two other decoding schemes for comparing with our method: current 

decoder: The training and test sets were from the same day; historical decoder: The training and 

test sets were from different days; our method : The training and test sets were from different days, 

but the decoder was further calibrated by our algorithm. A total of nine pairs of data sets (a total of 

18 days) were tested and root mean squared error (RMSE) was used to evaluate the decoding 

performance. Result: The average RMSE in all data sets was 107.0, 187.4 and 83.7 for the current 

decoder, historical decoder and our method, respectively. Our method significantly improved the 

decoding performance (21.8% and 55.3% improvement) compared to the other two methods. 

Conclusion: Our method could effectively diminish the disparities of neural recordings between 

different days caused by the nonstationarity of neural signals, thus improving the clinical 

applicability of the iBMIs. 

 

Keywords: channel selection; intracortical brain-machine interface; nonstationarity; local motor 

potential 
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Subdural Neural Interfaces for Long-term Electrical Recording, 

Optical Microscopy and Magnetic Resonance Imaging  
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Abstract: Though commonly used, metal electrodes are incompatible with brain tissues, often 

leading to injury and failure to achieve long-term implantation. Here we report a subdural neural 

interface of hydrogel functioning as an ionic conductor, and elastomer as a dielectric. We 

demonstrate that it incurs a far lesser glial reaction and less cerebrovascular destruction than a 

mailto:suo@seas.harvard.edu
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metal electrode. Using a cat model, the hydrogel electrode was able to record electrical signals 

comparably in quality to a metal electrode. The hydrogel-elastomer neural interface also readily 

facilitated multimodal functions. Both the hydrogel and elastomer are transparent, enabling in vivo 

optical microscopy. For imaging, cerebral vessels and calcium signals were imaged using two-

photon microscopy. The new electrode is compatible with magnetic resonance imaging and does 

not cause artifact images. Such a new multimodal neural interface could represent immediate 

opportunity for use in broad areas of application in neuroscience research and clin ical neurology. 

Methods The images are obtained by two-photon microscopy and NIR-II fluorescence wide-field 

microscopy. MRI data were acquired on a 7-T research scanner. Result (1) The hydrogel subdural 

neural interface is compatible with brain tissues mechanically, electrically, and chemically, as well 

as enabling multimodal functions. (2) The quality of long-term electrophysiological recording via 

the hydrogel electrode is the same as that of a metal electrode. (3) The hydrogel electrode, however, 

incurs much less of a glial reaction and cerebrovascular destruction than does the mental electrode. 

(4) Both the hydrogel and the elastomer are transparent, enabling simultaneous in vivo optical 

microscopy and electrophysiological recording. (5) The hydrogel and elastomer are compatible 

with magnetic resonance imaging and do not cause artifact images in contrast to metal electrodes.  

Key Word: Subdural electrodes; hydrogel; electrocorticogram; multimodal; long term 

implantation; cerebrovascular destruction; transparent electrode. 
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Abstract: The application of graph machine learning (gML) in the prediction of behavioral traits 

based on functional networks is still inadequate. Specifically, interpretation-oriented ML studies 

are mostly based on data-driven methods without theoretical, while accuracy-oriented ML studies 

often based on simple liner models without the capture of input features interactions of at the high-

dimensional space. Study1, the explanation-oriented mechanism study with 130 subjects, was 

aimed to examine whether the theoretical-driven gML model can be applied to the network 

mechanisms (e.g., network integration and separation of task-positive networks) underlying 

behavioral trait (e.g., working memory). The theory-driven predictive model showed that working 

memory could be predicted based on theoretical-driven features, indicating that the hypothetical-

driven gML was a potential method that can be applied to neural mechanism exploration. Study2, 

the accuracy-oriented predictive study with 500 subjects used graph measures (clustering 

coefficient, degree centrality and node efficiency) to predict behavior measures. The model of 

shallow-wide and narrow-deep multilayered perceptron (swMLP and ndMLP) were constructed, 

and both models passed the 5-folder cross-validation and non-parameters test, which indicated that 

gML based on topological parameters and MLP can be applied to accuracy-oriented predictive 

studies. In conclusion, we found that: 1) explanatory-oriented studies could be carried based on 

gML with hypothetical-driven features, and 2) gML with artificial neural networks and graph 

measures could to be applied to behavioral trait prediction.  

Keywords: Machine learning; brain networks; graph theory; functional connectivity 
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Abstract: Background and Objective The cause of vertigo can be diverse, and it can be difficult 

to identify and diagnose it. There is a close relationship between the nystagmus performance and 

vertigo, but the diagnosis by nystagmus observing usually requires the experience of doctors. The 

purpose of this study is to distinguish the involved semicircular canals of patients with Benign 

Paroxysmal Positional Vertigo (BPPV) by classifying their nystagmus performance using artificial 

intelligence methods. Methods and Results (1) The data from clinical cases are sifted, and the 

infrared videos of BPPV patients’ nystagmus performance during the Roll Test using SRM medical 

equipment are Collected. These BPPV patients includes 47 patients who were diagnosed with 

canalolithiasis of the horizontal canal (HC-BPPV) (107 on the right, 37 on the left) by doctors 

manually, and 17 with cupulolithiasis of the horizontal canal (HC-BPPV-CU). (2) Crop the 

collected videos, mainly to adjust the video duration and screen size. For each body position in the 

Roll Test, a fixed-length video segment during the maximum-frequency nystagmus attack is cut 

from the original video. Then, a U-Net network is built to extract the pupil area in each frame of 

the video. For each video, a minimum rectangle covering the pupil area of all frames is obtained to 

cut the video size, thus reducing interference such as skin and eyebrows. (3) Multi -channel three-

dimensional convolutional neural network designing. First, from each clipped video, an image 

gradient video and an optical flow video are generated. Construct each video segment into a three-

dimensional matrix according to the three dimensions -- the height of each frame, the width of each 

frame, and the chronological frames. Finally, a neural network based on three-dimensional 

convolution is built for distinguishing left HC-BPPV, right HC-BPPV and HC-BPPV-Cu. 44 

patients are randomly selected as the training samples, while the other 20 patients as the test 

samples. Three-dimensional matrices of each patient are feed to the neural network as a group. 

Feed the cropped videos together with their corresponding gradient video and optical flow video 
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into the multi-channel three-dimensional convolutional neural network. After training, the BPPV 

classification accuracy rate on test samples is above 95%. However, it is difficult for the single-

channel three-dimensional neural network of which the inputs are the cropped videos to converge. 

Conclusion and Discussion (1) Applying artificial intelligence to nystagmus videos to classify the 

causes of disease may help doctors in diagnosis, and reduce the reliance on doctors’ experience. 

However, this method needs further accomplishment (2) Theoretically, compared with the methods 

that need to extract pupil coordinates first, the three-dimensional convolutional neural network 

method may be able to retain more complete information, including the torsion of the pupil, and 

may even have feelings of the patient. (3) The neural network with multi-channel input have higher 

accuracies than those with only single-channel video input, indicating that the addition of gradient 

path and optical flow path can effectively enhance the neural network’s ability to extract contours, 

motion and other information and achieves better results. 

Keywords: BPPV; diagnosis of involved semicircular canals; multi-channel; three-dimensional 

convolution; convolutional neural network  
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The Influence of gut microbiome on the secondary brain injury 

in ratsaftertraumatic brain injury 

 

摘要 

目的： 

创伤性脑损伤（Traumatic brain injury, TBI）是严重威胁人类健康的重大疾病。除了引起脑组

织本身重要功能障碍外，同时也会导致其他器官功能损害。近年来对微生物-肠-脑轴的研究

逐渐增多，关注点更多聚焦于定植于肠道的微生物，众多研究证实阿尔兹海默症，帕金森疾

病在内的中枢神经系统疾病会导致肠道菌群改变，而通过微生物干预纠正肠道菌群失调能到
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达治疗这类疾病的目的，基于此，本研究以雄性 Sprague Dawley 大鼠（SD rats）为研究对象，

建立大鼠 TBI 模型，通过 16sRNA, 神经行为学，代谢组学等手段综合探索肠道菌群在 TBI 疾

病发生发展中的扮演的角色。 

方法： 

1. SD 雄性大鼠126只随机分为五组：假手术（Sham）组（n=29）；模型（TBI）组（n=29）；

安慰剂（TBI+saline）组（n=29）；正常菌群移植（TBI+FMT）组（n=29）；菌群供体

（donor）组（n=10）。采用控制性皮质损伤（controlled cortical impact, CCI）法建立大鼠 

TBI 模型，TBI 后，每天经肛予以正常菌群移植，连续七天。收集各组大鼠伤前一天，和伤

后第八天的粪便标本，通过 16sRNA 方法评估各组菌群差异。采用神经损伤严重程度评分

（modified neurological severity scores, mNSS）和水迷宫实验（Morris water maze ,MWM）验

证移植正常菌群对 TBI 后大鼠的感觉运动功能和学习记忆功能的影响，通过 WB，tunel,免疫

荧光等方法验证菌群移植对神经元的影响。 

2. SD 雄性大鼠 69 只随机分为三组:假手术组（n=23）；安慰剂组（n=23）；正常菌群移植组

（n=23）组，采用采用控制性皮质损伤（controlled cortical impact, CCI）法建立大鼠 TBI 模

型，CCI 后，每天经肛予以正常菌群移植，连续七天。第八天上午，收集各组大鼠粪便，血

清，伤侧半球脑组织标本，通过非靶向代谢组学筛选因菌群恢复而改变的信号分子，同时通

过靶向代谢组学和酶联免疫吸附实验（ELISA）对其进行验证，Western blot 等实验对功能进

行验证。 

结果： 

1.各组大鼠在伤前菌群多样性和菌群结构无差异，排出了各组大鼠的生物学差异。伤后第八

天，与 Sham 组相比，TBI 组出现菌群失调，表现为 Alpha 和 Beta 多样性改变，以及菌群在

phylum,family 和 genus 水平的结构变化，而移植正常菌群后，菌群失调得到恢复。同时，与

TBI 组和 TBI+saline 组相比，TBI+FMT 组神经感觉运动平衡功能和学习记忆功能明显改善，

伤灶周围凋亡减少，海马和皮质神经元存活数量增加。 

2.相比 Sham 组，TBI+saline 组的血清和脑组织氧化三甲胺（TMAO）浓度增加，同时其前体

TMA 在粪便中含量增加，而相比 TBI+saline 组，TBI+FMT 组，它们的浓度得到改善。同时

相比 Sham 组，TBI+saline 组伤侧海马 MsrA 的表达量降低，氧化应激损伤增加，而相比

TBI+saline 组，TBI+FMT 组伤侧海马 MsrA 的表达量增加，氧化应激损伤降低。 
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结论： 

1.脑创伤将导致肠道菌群失调，而通过移植正常菌群，纠正菌群失调后能显著改善神经功能，

促进 TBI 后神经元存活，减少凋亡的发生。 

2.脑创伤导致肠道粪便中 TMA 浓度增加，脑组织肠道来源的 TMAO 升高，而移植正常菌群

能显著降低其浓度，降低氧化应激损伤，增加 MsrA 的表达。 

关键词：脑创伤  菌群失调   氧化应激  神经功能 
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The cerebrospinal fluid-contacting nucleus contributes to 

depression- like behaviors via MKP-1 in rats 
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Abstract: Depression is a prevalent psychiatric disorder that affects 16-21% of the world’s 

population. Mitogen-activated protein kinase phosphatase-1 (MKP-1) is considered as a key factor 

in depression. The cerebrospinal fluid-contacting nucleus (CSF-CN) is localized in the 

periaqueductal gray in the midbrain and functions in signal transmission and substance 

transportation between the brain and cerebrospinal fluid (CSF). Here, we aimed to determine 

whether the CSF-CN contributes to depression via MKP-1 in rats. Male Sprague-Dawley rats were 

subjected to chronic forced swimming stress (CFSS) to induce depression-like behavior. Cholera 

toxin subunit B-saporin (CB-SAP) was administered via intracerebroventricular injection 7 days 

before CFSS intervention. CFSS-induced depression-like behavior was blocked with chronic 
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antidepressant treatment with fluoxetine. Depression-like behaviors assessment, western blot and 

double immunofluorescence staining were performed at 28 days after CFSS exposure. CFSS 

induced significant depression-like behaviors by decreasing body weight gains, reducing sucrose 

preference and decreasing scores in the open field test. The CSF-CN was activated after CFSS 

treatment, and targeted-ablation of the CSF-CN partially mitigated depression-like behaviors, 

mainly by ameliorating anxiety-like behavior. MKP-1 was colocalized and expressed in the CSF-

CN after CFSS treatment. Moreover, pharmacological intervention with fluoxetine dramatically 

alleviated depression-like behaviors and downregulated the expression of MKP-1 in the CSF-CN 

after CFSS treatment. The CSF-CN may contribute to the pathogenesis of CFSS-induced 

depression-like behaviors via MKP-1. Future therapy targeting the MKP-1 in the CSF-CN may be 

a promising new choice.  

Keywords: cerebrospinal fluid-contacting nucleus, depression, MKP-1, chronic forced swimming 

stress  
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目的：利用人工智能技术判读自发性脑出血患者急诊电子病历(EMR)中的文本数据，通过对

EMR 的评估，输出临床诊疗措施。方法：我们将自发性脑出血患者的急诊电子病历进行结构

化处理，构建脑出血相关治疗权重评分系统（WSSDT），并完成相关数据标注，建立了基

于自然语言处理的脑出血智能诊疗系统（H-system）。本系统主要由一个预先训练好的用于

命名实体识别（NER）的语言模型和一个用于进行逻辑判断的专家模块构成。然后，我们将

H-system 判读脑出血患者急诊电子病历后所制定的诊疗措施，与神经外科医生制定的诊疗措

施进行对比，并进行统计学分析。结果：与神经外科医生相比，H-system 在判读自发性脑出

血患者的急诊电子病历的过程中，具有更高的效率和更短的决策时间。同时，H-system 与神

经外科医生，二者制定的诊疗方案具有很强的相关性。结论：本研究构建的 H-system 能够对

自发性脑出血患者的急诊电子病历进行自动判读，并制定相应的诊疗方案，在提升诊疗效率

的同时，也具较高的准确性。 

关键词：脑出血；智能诊疗系统；应用研究 
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Abstract: Objective Vagus nerve stimulation has attracted increasing attention owing to its 

potential therapeutic effects on neuropsychiatric diseases. Unlike electrical stimulations, 

optogenetics has been widely applied as a cell-type-specific methodology for precise neural 

modulation. However, the most commonly used implantable optical waveguide is silica optical 

fibers, which lead to a significant mechanical mismatch between the implants and neural tissues. 

Therefore, vagus nerve optogenetic stimulation (VNOS) in free-behaving animals continues to be 

a great challenge. Methods The PDMS flexible fiber was fabricated by thermal polymerization and 

tensile method.In vivo electrophysiological and behavioral methods were used to validate the 

stimulation of the vagus nerve. Results The fabricated POFs show significantly improved 

characteristics for in vivo optogenetic applications, specifically a low Young’s modulus, high 

stretchability, improved biocompatibility, and long-term stability. The viability of POFs as 

implantable waveguides for optogenetics is verified by the detected frequency-dependent neuronal 

activity and the behavioral changes during light delivery in the primary motor cortex. Furthermore, 

VNOS is carried out in free-moving animals via chronically implanted POFs, and an inhibitory on 

the cardiac system and an anxiolytic effect on behaviors is shown. Conclusion These results 

demonstrate the feasibility and advantages of the use of POFs in chronic optogenetic modulations, 

providing new information for the development of novel therapeutic strategies for the treatment of 

neuropsychiatric disorders. 

 

Key Words：Optogenetics, Flexible optical fibers, Brain stimulation, Vagus nerve stimulation, 

Anxiety-like behavior 
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【摘要】与其他课程相比，《神经生物学》课程内容丰富且复杂，伴随科学研究的迅猛发展，

课程内容不断更新。“讨论式翻转课堂”教学形式灵活，师生角色互换,变"教学"为"导学",符

合神经生物学课程的教学目标，能够在很大程度上提高学生对科学研究的认知、对科学问题

的分析和解决能力，加强对学生科学思维的培养，同时激发了学生学习兴趣及学习动力，提

高学生自主学习能力。 

        过去 3 年，本团队分别在基础医学专业、侯宗濂医学实验班（临床医学八年）以及临床

医学（五年，选修）的《神经生物学》教学实践中，采取了讨论式翻转课堂教学模式，结合

形成性评价，显著提高了学生个人的综合能力和专业素养，为未来从事科研工作打下了基础。

具体策略如下：课堂翻转内容围绕“脑损伤与修复”、“神经科学研究方法”、“神经干细

胞与组织工程”与“神经干细胞与内分泌免疫网络”等多个主题，以“分析问题，查阅文献，

归纳总结，组内讨论，组间交流和得出结论”的流程开展课堂翻转。在课前释放讨论主题，

以小组为单位进行学习，鼓励学生主动承担不同任务（资料收集与整理、制作 PPT、课堂汇

报及组间或组内交流等），锻炼独立完成工作以及团队协作的能力。收集资料提高了找寻并

筛选信息的能力，扩充了理论知识；经过资料的整理和讨论，加深了学生对知识的理解，且

训练了科学思路；课堂汇报显著提升了学生个人展示能力、语言组织和表达能力以及演讲技

巧。课程结束前，针对共性问题，教师给予形成性评价，并对共性问题给予解疑答惑，对于

个性化问题，给出合理的建议，做到精准辅导。课后的问卷调查结果显示学生作为课堂主角，

主动汲取知识的积极性显著增强，学习范围拓宽明显，知识来源丰富，课堂互动激发了自由
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探索知识的兴趣，提高了学习效率。授课教师也一定程度上拓宽了知识、更新了信息，起到

了教学相长的效果。 

【关键词】神经生物学，翻转课堂，实践与体会，本科生 
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Abstract: Objective Nedd4 family interacting protein 1 (Ndfip1) is an adaptor of Nedd4-family 

ubiquitin ligases. Experimental results showed that Ndfip1 had a potential neuroprotective effect 

in neurology diseases. However, the neuroprotective effect and the underlying mechanisms of 

Ndfip1 in Parkinson's disease (PD) have not yet been fully elucidated. Therefore, in this study, we 

explored the neuroprotective effect of Ndfip1 against mitochondrial complex I inhibitor rotenone 

in a human dopaminergic neuroblastoma SH-SY5Y cell line and further elucidated its possible 

underlying mechanisms. Methods Immunofluorescence was used to observe the aggregation of α-

synuclein(α-syn). Western blots and realtime PCR were used to observe the expressions of α-

synuclein, Ndfip1, caspase-3, hydroxylase (TH), iron regulatory protein 1 (IRP1), transferrin 

receptor 1 (TfR1), P62 and ferritin L Results (1) Rotenone could induce the up-regulation of α-syn 

in both mRNA and protein levels. (2) The expression of Ndfip1 decreased at 24 h after rotenone 

treatment. (3) High expression of Ndfip1 could protect SH-SY5Y cells against rotenone-induced 

neurotoxicity and antagonize the rotenone-induced increase in α-syn protein levels. (4) High 

expression of Ndfip1 inhibited rotenone-induced increase in the protein levels of caspase-3 and 

decrease in TH. (5) Ndfip1 did not affect the protein expression of IRP1, TfR1, while antagonized 

the increase in protein levels of P62 and ferritin L caused by rotenone. Conclusion Ndfip1 proteins 

to inhibit the increase of α-syn in rotenone-induced SH-SY5Y cells. Ndfip1 might be a new 

theoretical drug target for the prevention and treatment of PD. 

Keywords: Parkinson's disease, α-synuclein, Ndfip1, rotenone, dopamine neuron 
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Abstract: Objective Parkinson's disease (PD) is marked clinically by motor dysfunction and 

pathologically by dopaminergic cell loss in the substantia nigra (SN). More and more evidences 

suggest iron deposition in SN plays a pivotal role, but the driver underlying iron deposition is 

poorly understood. Methods Perls’ and immunohistochemical staining were used to observe the 

iron deposition and morphological changes of different proteins. Real-time PCR was used to test 

the expression of mRNA. Electrochemiluminescence-based meso scale discovery® was used to 

detect the levels of various inflammatory factors. 16S rDNA sequencing was used to observe the 

changes of gut microbiota. Faecal microbiota transplantation was used to verify the causal 

relationship between the dysbiosis of microbiota and brain pathology. PLX5622 (the Csf1r inhibitor) 

formulated diet was used to eliminate microglia. Results Iron deposition occurs earlier than alpha-

synuclein accumulation and dopaminergic neurons degeneration in SN of mice with intragastric 

administration of rotenone, although no rotenone was detected in systemic blood. M1 microglia 

activation and pro-inflammatory cytokines induction occurs much more earlier than iron deposition 

in the SN. Eliminating microglia by PLX5622 formulated diet in rotenone models is able to abolish 

iron deposition and dopaminergic neuron loss. Finally, we show that microglia activation is related 

to gut microbiota dysbiosis caused by rotenone through fecal microbiota transplantation experiment. 

Conclusions The data provide reliable evidence that gut microbiota dysbiosis could contribute to 

nigral iron deposition via microglia activation. The findings may pave ways for further 

understanding molecular regulatory networks of “brain-gut-microbiota” and its potential 

therapeutic implications in PD. 

Key words: Gut microbiota; Parkinson's disease; Iron; Microglia; Rotenone 
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Abstract: Learning induces changes in the strength of existing synapses, as well as the formation 

of new synapses. While the addition of new synapses is thought to be critical for information 

storage, it remains unclear whether new synapses serve similar or different functions from existing 

ones in neuronal circuit modification after learning. To address this question, we performed two -

photon structural and calcium imaging of postsynaptic dendritic spines in layer II/III  pyramidal 

neurons of the primary motor cortex in mice running on a treadmill. Concurrent with rapid 

behavioral improvement after motor training, we found that existing spines underwent changes in 

size over 1-hour forward running (FW), some of which persist for more than 8 hours. On the other 

hand, increased new spine formation was observed 8-24 hours after motor training, suggesting that 

new spines are mainly involved in the retention phase of motor skill learning. Notably, new spines 

induced by FW were preferentially active when performing the learned FW task than a new 

backward running (BW) task, whereas existing spine population did not exhibit such a task 

specificity. Furthermore, we found that new spines were predominantly formed in a subset of 

neurons actively participating in the learned task and protected from being eliminated when a new 

task was learned. Together, these findings suggest that newly-formed synapses are more task-

specifically involved in the retention of learned skill than the population of existing synapses.     

 

Key words:  dendritic spine, synapse, motor learning, two-photon imaging. 
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