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Circadian rhythms are biological, self-sustained 24-hour cycles in the body,
generated by clock genes like Period2 (Per2). While neurons were traditionally
thought to be the main drivers of these rhythms, recent research highlights the role
of astrocytes in maintaining this internal clock. Circadian rhythms coordinate our
sleep-wake cycles and other daily activities with environmental changes. Sleep, a
vital behaviour, is influenced by the circadian clock (timing) and a separate process
called sleep homeostasis, which tracks time awake. Although the mechanisms
behind circadian timing are well-studied, the molecular basis of sleep homeostasis
remains unclear. Here, emerging evidence suggests that clock genes like Per2 may
also regulate sleep homeostasis, indicating a dual role. On another aspect, sleep
may serve many purposes, including clearing waste from the brain via the recently
discovered glymphatic system, whose regulation is still under study.

This thesis investigates the role of Per2 in sleep and its connection to the glymphatic
system. The Per2 sleep study explored how losing Per2 in neurons, astrocytes, or
the whole body affects sleep. Per2 loss across the body — but not when lacking only
in neurons or astrocytes specifically — impacted sleep regulation, causing delayed
sleep onset and reduced rebound sleep after deprivation. The AQP4 study explored
the regulatory role of Per2 on aquaporin-4 (AQP4). AQP4 water channels effectuate
glymphatic clearance flow which takes place mainly during sleep. We showed that
perivascular AQP4 protein is not upregulated during the sleep period but remains
stably expressed throughout the 24-h cycle. It demonstrated that the glymphatic
system is not regulated by the clock via circadian control of perivascular AQP4 as
previously assumed.
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