External light activates hair follicle stem cells through
eyes via an IpPRGC-SCN-sympathetic neural pathway
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Abstract

Changes in external light patterns can alter cell activities in peripheral
tissues through slow entrainment of the central clock in suprachiasmatic
nucleus (SCN). It remains unclear whether cells in otherwise photo-
insensitive tissues can achieve rapid responses to changes in external
light. Here we show that light stimulation of animals’ eyes results in
rapid activation of hair follicle stem cells with prominent hair
regeneration. Mechanistically, light signals are interpreted by M1-type
intrinsically photosensitive retinal ganglion cells (ipRGCs), which signal
to the SCN via melanopsin. Subsequently, efferent sympathetic nerves
are immediately activated. Increased norepinephrine release in skin
promotes hedgehog signaling to activate hair follicle stem cells. Thus,
external light can directly regulate tissue stem cells via an ipRGC-SCN
autonomic nervous system circuit. Since activation of sympathetic
nerves is not limited to skin, this circuit can also facilitate rapid adaptive
responses to external light in other homeostatic tissues.
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