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The role of Calcium in Sleep Homeostasis
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In order to elucidate the mechanisms of sleep homeostasis, we focused on ion channels and pumps that govern the neural
activity patterns during non-REM sleep in mammals. Through mathematical modeling of neural activity during non-REM
sleep and the use of a Mouse Sleep Phenotyping System (5SS method) and a unique knockout mouse production method
(Triple-CRISPR method) that does not require mating, we discovered a series of ion channels and pumps directly involved
in intracellular Ca2+ dynamics crucial for the control of sleep duration. Furthermore, by examining the kinases controlled
by intracellular Ca2+, we revealed that Camk2a/b knockout mice exhibit significant reduction in sleep duration, implying
that CaMKlla/B serves as sleep promoting kinases. Based on this discovery, we proposed a mechanism where the sustained
excitability of neurons induces calcium-dependent phosphorylation control, leading to the initiation of sleepiness in the
regulation of sleep homeostasis. In this lecture, we aim to discuss the current state of sleep research using animals, as well
as endeavors towards achieving a systems medicine approach to sleep/wake cycle research in humans, particularly in
realizing sleep checkup in near future.
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