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Abstract

Research on scar therapy, grounded in the field of fibroblast reprogramming, has established a com-
prehensive framework encompassing mechanism analysis and clinical translation. This review elu-
cidates that the core mechanism of scar formation lies in a positive feedback loop of myofibroblast
transdifferentiation and ECM sclerosis driven by TGF-f1 signaling and regulated by the immune
microenvironment in both directions. At the regulatory level, epigenetic modifications and meta-
bolic reprogramming (glycolysis/lipid synthesis) work in concert to determine cell fate. Therapeu-
tic strategies have been developed that integrate targeted interventions with innovative delivery
systems, including non-coding RNA modulation, small molecule synergistic drugs (TiT/CRFVPTM),
and smart carriers such as light-responsive hydrogels to achieve sequential controlled release. The
combination of therapies has been shown to dramatically improve antifibrotic efficacy. Presently,
there is an ongoing need to overcome the limitations of cell identity recognition, aging, epigenetic
barriers, and gene editing risks. The integration of single-cell analysis and smart material delivery
will accelerate the translational process in the future.
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Figure 1. Schematic diagram of the core mechanism of scar formation
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Figure 2. Schematic diagram of key regulatory network for fibroblast reprogramming
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Table 1. Fibroblast reprogramming delivery system and its innovative functions
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W\lﬂﬁﬁi MPSS@ZIF-90 pH ”@Fj?ﬁ?ﬁ + ﬁﬁt + %Flﬁ

(TGF-BLIVEGF/a-SMA) [31]
FE: HA: EWJRES: TiT: Tideglusib + Tamibarotene; MPSS: LS FrAA IR BRHA R4 o
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AR J71H, CRISPRa [#) sgRNA it 8 7] #0% MYH6 254 HARFEN, SEThfe =i 40 &2 de novo %
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