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l ABSTRACT

Synaptic diversity regulating fear response

Yukinori Hirano

Division of Life Science, The Hong Kong University of Science and Technology

One hundred trillion synapses organize the human brain network. Synaptic functions are not limited to mediating

communication between neurons. Synapses are equipped with various chemical properties, including neurotransmitters,

allowing the relatively fixed neural network to be plastic and thereby inducing diversity in animal behavior. Upon exposure

to a threat, animals launch a fear response in three steps : threat detection, fear perception, and behavioral expression of

fear, all of which processes are modified by different types of synapses. Importantly, the fear response is not constant but

rather flexible, depending on the animals’ internal and external states, suggesting that diverse organismal states could be

integrated into the neural network through synaptic chemical functions. In addition to the acute fear response, long-term

aftereffects occur following robust or continuous exposure to a threat, as seen in mental disorders such as anxiety disorder,

depression, and post-traumatic stress disorder, which also involve various types of synapses. Here, I summarize the various

synapses that could organize network plasticity in the fear response and long-term aftereffects.

(Japanese Journal of Biological Psychiatry 36 (2) : 75-79, 2025)




