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Abstract 

Gap junctions permeate ions and small molecules between cells, and mediate electrical 

coupling between neurons to regulate synchronous firings in the nervous systems. Gap 

junctions also regulate neuronal circuit formation. In the neocortex, inhibitory neurons are 

densely and cell type-specifically coupled by gap junction and regulate neural network 

activities (Gibson et al., Nature 1999). Previously, it had been reported that sister excitatory 

neurons are preferentially coupled by gap junctions during the first half of the postnatal 

week (Yu et al., Nature 2012). However, the details of gap junctional connections, such as 

coupling specificity for excitatory neuron types and intercellular positional relationships, 

remained unclear. 

We recently found that excitatory neurons form dense and specific gap junction network in 

the early postnatal period (Maruoka*, Nakagawa* et al., Science 2017). In layer 5 of the 

mouse visual cortex, the two major types of excitatory neurons; subcerebral projection 

neurons and callosal projection neurons, selectively coupled with neurons of the same type 

at frequencies of ∼50% at the end of the first postnatal week. The coupling was found 

preferentially in radially-arranged neurons but unrelated to clones. The coupling disappeared 

during the second postnatal week. Therefore, the network may relate to forming neural 

circuits specific to the cell type-specific columnar arrangement “microcolumn.” We also 

found that the coupling was correlated with the bundling of apical dendrites and that 

coupled neurons showed synchronous firing with uniquely slow dynamics due to the 

immature membrane properties and distant gap junctions (Nakagawa & Hosoya, 



Neuroscience 2019). These results suggest that the gap junction network in layer 5 

regulates neuronal activities and modulates the early development of neocortical neural 

circuits in a cell type-specific manner. 


