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Abstract ; The process of re-epithelialization in wound healing is crucial for tissue repair, which is driven by
the leader cells of epidermal cell differentiation. Traditional studies have focused on the role of the external
microenvironment in regulating cell migration, however,clinical practice suggests that relying solely on micro-
environmental regulation may not fully address chronic wound healing. Recent studies have revealed that the
formation and function of leader cells are autonomously driven by their intrinsic metabolic-epigenetic-mechani-
cal programs,which is a breakthrough from the traditional "environmental determinism" framework. In this
paper, This study systematically elucidated the intrinsic regulatory networks of metabolic remodeling, epige-
netic regulation and internalization of mechanistic signals of leader cell generation in wound healing and ana-
lyzed the synergistic logic of cross-scale mechanisms and their dynamic imbalance under pathological condi-
tions. By integrating the results of cutting-edge technologies such as single-cell histology,spatial metabolic im-
aging and synthetic biology,it has revealed the spatial and temporal encoding laws of cell autonomy regulatory
networks and provided theoretical basis for innovative therapies targeting metabolic-epigenetic-mechanical
hubs. Despite the above progress, further elucidation of the dynamic regulatory mechanisms of cell-autono-
mous regulatory networks is still needed. Future research should focus on the following aspects: firstly, in-
depth analysis of the synergistic regulatory mechanism of metabolic-epigenetic-mechanical signaling, and ex-
ploration of its specificity under different pathological conditions; secondly, development of precise cellular
programming technology to achieve active regulation of chronic wound healing process; thirdly, promotion of

"active

the paradigm shift of regenerative medicine from "passive intervention in the microenvironment" to
programming of cell function", to open up a new path of precise regulation for the treatment of chronic
wounds.
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