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Analysis of neural stem cell regulatory mechanisms using optogenetics 
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The mammalian brain consists of a complex ensemble of neurons and glial cells. Their production 
during development and remodeling is tightly controlled by various regulatory mechanisms in 
neural stem cells. Among such regulations, basic helix-loop-helix (bHLH) factors have key 
functions in the self-renewal, multipotency, and fate determination of neural stem cells. Here, we 
highlight the importance of the expression dynamics of bHLH factors in these processes. We 
propose the multipotent state correlates with oscillatory expression of several bHLH factors, 
whereas the differentiated state correlates with sustained expression of a single bHLH factor. We 
also developed new optogenetic methods that can manipulate gene expressions in neural stem cells 
by light. We used this technology to manipulate the growth and fate-determination of neural stem 
cells. We are also analyzing dynamic changes in downstream gene expressions and cellular states 
caused by systematic light-induced manipulations of bHLH transcription factors.   
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