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Abstract

efits. This dietary strategy not only supports metabolic health and weight management but also exerts significant

Intermittent fasting has become increasingly popular worldwide due to its potential health ben-

effects on tissue health. However, the underlying mechanisms remain largely unclear. Adult stem cells, the driv-
ing force behind tissue renewal and regeneration, are located within specialized “niches” that integrate local and
systemic signals—such as neural, metabolic, and immune factors—to precisely regulate their fate and behavior.
These processes are essential for maintaining tissue and overall organismal health. Using HFSCs (hair follicle stem
cells) and hair follicle regeneration as a model, researchers discovered that intermittent fasting inhibits hair follicle
regeneration by selectively inducing apoptosis in activated HFSCs. Notably, this effect is independent of calorie
restriction, circadian rhythm changes, or the mTORC]1 nutrient-sensing pathway. Instead, fasting activates interac-
tions between the adrenal glands and dermal adipocytes, leading to a rapid release of free fatty acids into the HFSC
niche. This disrupts the metabolic balance of HFSCs, elevates ROS (reactive oxygen species) levels, and causes
oxidative damage, ultimately triggering cell apoptosis. Additionally, a randomized controlled trial in humans re-
vealed that intermittent fasting suppresses hair growth. These findings provide critical insights into the mechanisms

by which intermittent fasting influences tissue health, shedding light on its impact on tissue regeneration and stem

cell dynamics.
Keywords
growth
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Fig.1 Intermittent fasting inhibits hair follicle regeneration (modified from reference [10])
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A: activation and apoptosis of HFSCs in mice subjected to AL and ADF starting from P24. Active caspase-3 (aCAS3, n=30, HFs from five mice, One-
Way ANOVA). B: tracing the fate of activated HFSCs upon intermittent fasting (=30 HFs from five mice, two-tailed unpaired -test). C: flow cytome-
try analysis showing the proportion of EQU+HFSCs. D: flow cytometry analysis showing the total number of HFSCs decrease after a 24 h fasting period
in ADF (n=3, two-tailed unpaired #-test). E: model summarizing the cyclic activation and apoptosis of HFSCs during intermittent fasting. F: time course
of HFSC apoptosis along the 24 h fasting and 24 h refeeding periods. Red arrowheads mark the apoptotic HFSCs. (#=30 HFs from five mice, One-Way
ANOVA).
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Fig.2 Extended duration of fasting induces apoptosis in activated HFSCs (modified from reference [10])
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A: whole-mount staining of dermal adipocytes (Plinl, marks the surface of lipid droplets) and HFs (K14). B: time course of dermal adipocyte lipolysis
along the 24 h fasting and 24 h refeeding periods. a6 outlines the HF, and BODIPY marks lipid droplets (#=30, lipid droplets from three mice, One-
Way ANOVA). C: lipolysis of dermal adipocytes (bottom) and apoptosis of HFSCs (top) in AdipoQ“***;4tgl" (ATGL c¢KO) mice. D: Lhx2“***;Cptia™"
(CPT1A cKO) mice after 24 h fasting (n=30, HFs from six mice, two-tailed unpaired #-test). E: apoptosis of HFSCs upon FFAs intradermal injection on
AL mice. (n=30 HFs from 3 mice, One-Way ANOVA).
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Fig.3 Fasting-induced lipolysis in niche adipocytes drives HFSC apoptosis (modified from reference [10])
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Fig.4 Fasting activates adrenal glands to induce lipolysis in niche adipocytes and apoptosis in HFSCs (modified from reference [10])
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A: measurement of mROS by MitoSox Red and mitochondrial membrane potential by TMRM in HFSCs from mice upon 24 h fasting (n=3). Positive

controls: 500 pmol/L H,0, (for MitoSox), carbonyl cyanide m-chlorophenylhydrazone (CCCP, an oxidative phosphorylation uncoupler, for TMRM). B:

8-0x0G staining of HFs after 24 h fasting (n=3). C: ultrastructure of HFSCs under TEM. Pseudo-coloring indicates normal HFSCs (green) and apoptotic

HFSCs (red). White arrowheads mark the damaged mitochondria in fasted HFSC (blue box). D: topical application of VE, or genetic overexpression of
catalase (CAT OE) rescued HFSC apoptosis upon fasting. E: hair regrowth of mice receiving VE or CAT OE under ADF (n=3-5).
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Fig.5 Elevated ROS in HFSCs leads to apoptosis, and enhancing antioxidant capability prevents HFSC apoptosis upon fasting

(modified from reference [10])
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A: left, whole-mount staining for EQU and aCAS3 of cultured human HFs treated with FFA or vehicle. Right top, staining for aCAS3, keratin 15 (K15,
a marker for human HFSC), and EdU of human HFs treated with FFA or vehicle (#=9-12 HFs, two-tailed unpaired #-test). B: schematic of dietary inter-
vention in the Weprecision-2 human RCT study. C: average hair growth speed (millimeter per day) in the last three days of intervention. D: changes in

hair shaft density after intervention. E: hairs regrown three days post-shaving during baseline or intervention periods. Red arrowheads mark the abnor-

mal hair shafts.
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Fig.6 Metabolic switching to FAO induces HFSC apoptosis and inhibits hair growth in humans (modified from reference [10])
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