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Fig. 1 The molecular mechanism of circadian rhythm
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A+ EGF, TNF-a, TGF-a, VEGF, HGF, IGFs, IFNs, | £& CTGF, MMPs, TIMPs
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&
ZBHEHME | 55,57, 61, 64 55,56,57, 59,60, 62,63 |55,58,59, 61,65, 66, 67 55, 60, 67

Fig.2 The main miRNAs and inflammatory cytokines involved in different stages of skin regeneration
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Abstract Circadian rhythm is an endogenous biological clock mechanism that organisms adapt to the earth's
alternation of day and night, and has a fundamental role in regulating the maintenance of physiological functions
and behavioral patterns, such as sleep, feeding, hormone levels and body temperature. By aligning these processes
with environmental changes, circadian rhythm plays a pivotal role in maintaining homeostasis and promoting
optimal health. However, modern lifestyles, characterized by irregular work schedules and pervasive exposure to
artificial light, have disrupted these rhythms for many individuals. Such disruptions have been linked to a variety
of health problems, including sleep disorders, metabolic syndromes, cardiovascular diseases, and immune
dysfunction, underscoring the critical role of circadian rhythm in human health. Among the numerous systems
influenced by circadian rhythm, the skin—a multifunctional organ and the largest by surface area—is particularly

noteworthy. As the body's first line of defense against environmental insults such as UV radiation, pollutants, and
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pathogens, the skin is highly affected by changes in circadian rhythm. Circadian rhythm regulates multiple skin-
related processes, including cyclic changes in cell proliferation, differentiation, and apoptosis, as well as DNA
repair mechanisms and antioxidant defenses. For instance, studies have shown that keratinocyte proliferation
peaks during the night, coinciding with reduced environmental stress, while DNA repair mechanisms are most
active during the day to counteract UV-induced damage. This temporal coordination highlights the critical role of
circadian rhythms in preserving skin integrity and function. Beyond maintaining homeostasis, circadian rhythm is
also pivotal in the skin's repair and regeneration processes following injury. Skin regeneration is a complex, multi-
stage process involving hemostasis, inflammation, proliferation, and remodeling, all of which are influenced by
circadian regulation. Key cellular activities, such as fibroblast migration, keratinocyte activation, and extracellular
matrix remodeling, are modulated by the circadian clock, ensuring that repair processes occur with optimal
efficiency. Additionally, circadian rhythm regulates the secretion of cytokines and growth factors, which are
critical for coordinating cellular communication and orchestrating tissue regeneration. Disruptions to these
rhythms can impair the repair process, leading to delayed wound healing, increased scarring, or chronic
inflammatory conditions. The aim of this review is to synthesize recent information on the interactions between
circadian rhythms and skin physiology, with a particular focus on skin tissue repair and regeneration. Molecular
mechanisms of circadian regulation in skin cells, including the role of core clock genes such as Clock, Bmall, Per
and Cry. These genes control the expression of downstream effectors involved in cell cycle regulation, DNA
repair, oxidative stress response and inflammatory pathways. By understanding how these mechanisms operate in
healthy and diseased states, we can discover new insights into the temporal dynamics of skin regeneration. In
addition, by exploring the therapeutic potential of circadian biology in enhancing skin repair and regeneration,
strategies such as topical medications that can be applied in a time-limited manner, phototherapy that is
synchronized with circadian rhythms, and pharmacological modulation of clock genes are expected to optimize
clinical outcomes. Interventions based on the skin's natural rhythms can provide a personalized and efficient
approach to promote skin regeneration and recovery. This review not only introduces the important role of
circadian rhythms in skin biology, but also provides a new idea for future innovative therapies and regenerative

medicine based on circadian rhythms.
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