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Abstract 

Skin, the largest human organ, demonstrates remarkable regenerative capacity through spatiotemporally 
coordinated healing processes. Chronic wounds, including diabetic ulcers and burn injuries pose 
significant clinical challenges due to persistent inflammation, impaired angiogenesis, defective appendage 
regeneration, and pathological scarring. Emerging evidence reveals N6-methyladenosine (m6A) 
methylation - the most prevalent RNA modification - as a critical regulator of wound healing and tissue 
remodeling. The m6A machinery (writers, readers, erasers) dynamically controls RNA stability, 
translation, and splicing, thereby modulating keratinocyte migration, fibroblast activation, macrophage 
polarization, and stem cell differentiation. Dysregulated m6A dynamics impair diabetic wound healing 
through oxidative stress amplification and autophagy deficiency, while disrupting critical repair pathways 
in burn injuries. Aberrant m6A modifications exacerbate pathological scarring and dysfunctional 
appendage regeneration via dysregulated extracellular matrix deposition and fibroblast dysfunction. 
Current understanding of m6A spatiotemporal regulation and clinical potential remains fragmented 
despite significant advances. Future investigations integrating single-cell sequencing, spatial 
transcriptomics, and multidisciplinary approaches are crucial to decode the multifaceted roles of m6A, 
enabling the development of novel epitranscriptome-targeted therapies for chronic wound management 
and functional skin regeneration. The review systematically examines m6A-mediated mechanisms in 
cutaneous repair and remodeling, providing strategic insights for advancing regenerative medicine. 
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Introduction 
The skin is the largest organ of the human body, 

performing indispensable functions as a protective 
barrier [1]. The skin consists of three primary layers, 
the epidermis, dermis, and hypodermis, which 
collectively enable sensory perception, provide 
physical, chemical, and biological defenses, maintain 
water-electrolyte balance, and thermoregulation [2]. 
Chronic wounds, particularly those associated with 
diabetes, impose a significant burden on healthcare 
systems and society [3,4]. Moreover, aberrant healing 

processes often compromise the structural and 
functional integrity of the skin, leading to diminished 
quality of life and presenting patients with both 
functional impairments and aesthetic challenges [5,6]. 

Wound healing is a complicated biological 
process aimed at restoring skin integrity and can be 
categorized into four distinct and sequential phases: 
hemostasis, inflammation, proliferation, and 
remodeling [7] (Figure 1). During the hemostasis 
phase, vasoconstriction initially minimizes micro-
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vascular hemorrhage [8]. Exposed collagen within the 
wound promotes platelet chemotaxis and 
aggregation, which, in conjunction with the insoluble 
fibrin network formed by the coagulation cascade, 
establishes a thrombus to seal the injury site [9,10]. 
The inflammation phase is characterized by the 
recruitment of inflammatory cells to the wound under 
the regulation of intricate signaling pathways. These 
cells work to clear necrotic tissue and prevent 
infection, creating a foundation for subsequent phases 
[11]. Among them, macrophages can remove 
extracellular matrix (ECM) and cell debris, and their 
dynamic transformation from pro-inflammatory to 
anti-inflammatory phenotype is crucial to the 
evolution of the healing process. Macrophages, in 
particular, are critical in removing ECM components 
and cellular debris, with their dynamic transition 
from pro-inflammatory to anti-inflammatory 
phenotype being essential for healing progression 
[12–14]. The proliferation phase involves the 
simultaneous and coordinated regeneration of 
various skin components, including angiogenesis, 
re-epithelialization, lymphangiogenesis, and the 

regeneration of hair follicles and appendages [15]. 
Fibroblasts proliferate to form granulation tissue, with 
some differentiating into myofibroblasts to contract 
wound edges [16]. In the remodeling phase, fibroblast 
apoptosis and macrophage-mediated degradation of 
fibrous components drive the dynamic restructuring 
of the ECM [17]. This stage involves ECM 
transformation, cyclic deposition, and pruning of 
newly formed vasculature [18]. Granulation tissue 
undergoes structural reorganization to support tissue 
maturation, a process that can span several years to 
ensure the stability and functionality of the repaired 
tissue [19]. The progression of wound healing is 
influenced by numerous factors, including the 
underlying causes of the wound and individual 
patient variability [20,21]. Disruptions to normal 
healing events can result in atypical outcomes, with 
the final stages often failing to fully restore the 
original morphology and functionality of the tissue. 
Understanding these deviations is critical for 
addressing impaired healing and developing targeted 
therapeutic strategies tailored to specific wound 
etiologies and patient conditions. 

 

 
Figure 1. The spatiotemporally coordinated processes of wound healing. Normal wound healing progresses through four spatiotemporally coordinated phases: 
hemostasis (platelet aggregation/fibrin clot formation), inflammation (macrophage-mediated debris clearance and phenotypic switching), proliferation (angiogenesis, 
re-epithelialization, and fibroblast-driven granulation tissue formation), and remodeling (ECM maturation via collagen I/III dynamics and vascular pruning). The abnormal healing 
processes may arise from specific microenvironmental imbalances encompassing macrophage polarization defects in diabetic conditions, pathological fibroblast activation 
associated with hypertrophic scars, epidermal progenitor cell functional impairment within skin appendages, and oxidative stress cascades triggered by sustained hyperglycemia, 
all of which collectively disrupt the spatiotemporal coordination of healing phases and diminish the structural-functional restoration of damaged tissues. 
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Patients with diabetes often experience chronic 
low-grade inflammation driven by persistent 
hyperglycemia, which severely compromises wound 
healing and predisposes them to the formation of 
chronic wounds [22]. During the inflammation phase 
of wound healing, the phenotypic transition of 
macrophages to the M2 subtype is notably impaired 
in diabetic wounds, consequently diminishing the 
rate of wound resolution and heightening 
susceptibility to infections [23]. Hyperglycemia, 
combined with the insufficient presence of M2 
macrophages, further inhibits the proliferation of 
critical regeneration-related cell types, including 
endothelial cells, keratinocytes, and fibroblasts 
[24,25]. Compared with normal wound environments, 
diabetic wounds are exacerbated by concomitant 
peripheral vascular insufficiency and neuropathy [26], 
and these complications aggravate the wound 
microenvironment and delay re-epithelialization, 
thereby perpetuating the state of chronic wound 
pathology. Burns are defined as injuries caused by 
direct contact with heat sources [27,28]. The wound 
surface in burn injuries could be subdivided into three 
distinct zones based on the proximity to the heat 
source, alterations in blood flow, and the extent of 
tissue damage [29]. The zone of coagulation is the 
most critical area, characterized by irreversible tissue 
necrosis due to extreme temperature elevation and 
protein denaturation [30]. Adjacent to this is the zone 
of stasis, which is predominantly marked by ischemia, 
hypoxia, and hypoperfusion. However, with timely 
and appropriate intervention, tissue damage in this 
zone could be reversible. The outermost layer, the 
zone of hyperemia, demonstrates enhanced tissue 
recovery capacity, attributable to the inflammatory 
reflex-mediated vasodilation [30]. Burn injuries 
provoke a cascade of physiological disruptions, such 
as exaggerated inflammatory responses, distributive 
shock, and increased susceptibility to infections. 
These factors collectively hinder the healing process 
by delaying wound closure and promoting scar 
formation [31–33]. 

During the proliferation and remodeling phases 
of wound healing, excessive cellular proliferation or 
abnormal ECM deposition can lead to hypertrophic 
scars (HSs) and keloids [34]. Such scarring typically 
arises from wounds penetrating beyond the dermis, 
characterized by excessive fibroblast proliferation 
[35]. In the proliferation phase, prolonged 
inflammatory stimulation activates fibroblasts and 
sustains myofibroblast populations, driving excessive 
Type III collagen deposition [36,37]. During the 
remodeling phase, the replacement of Type III 
collagen with Type I collagen ultimately contributes 
to scar formation [38].  

Skin appendages, including hair follicles, 
sebaceous glands, and sweat glands, are capable of 
maintaining skin homeostasis, wound healing, and 
tissue regeneration. Sebaceous glands secrete lipids 
that help maintain skin hydration and barrier 
functions, while hair follicles provide physical 
protection and aid in the distribution of sweat and 
sebum [39,40]. During wound healing, sebaceous 
gland and hair follicle progenitor cells migrate to 
injury sites, promoting re-epithelialization and 
restoring epidermal integrity [41]. Eccrine sweat 
glands assist in thermoregulation and metabolic 
waste removal, and sweat ductal basal progenitors 
rebuild sweat gland structures during healing [42]. 
Enhancing skin appendage regeneration and reducing 
HS contributes to scarless wound healing and restores 
physiological function of the skin. 

Epigenetics generally refers to heritable changes 
in gene expression that do not alter the underlying 
DNA sequence [43]. These changes include DNA 
methylation, histone modifications, and non-coding 
RNA (ncRNA), which together regulate chromatin 
structure and gene function [44,45]. With the advent 
of RNA epitranscriptomics, RNA modifications have 
become crucial in various physiological and 
pathological processes through chemical alterations 
on ribose and nucleobases [46,47]. Among over 170 
known types of RNA modifications, RNA 
methylation is predominant, with key forms 
including 3-methylcytidine (m3C), N7- 
methylguanosine (m7G), N6-methyladenosine (m6A), 
5-methylcytosine (m5C), and N1-methyladenosine 
(m1A) [48]. These modifications occur across diverse 
RNA species, such as long non-coding RNA 
(lncRNA), messenger RNA (mRNA), transfer RNA 
(tRNA), and ribosomal RNA (rRNA), regulating RNA 
stability, translation, splicing, degradation, and 
transport [46]. The m6A modification involves 
methylation at the N6 position of adenosine, primarily 
found in mRNA and lncRNA [49]. As the most 
prevalent RNA modification in eukaryotes, it is 
typically enriched at DRACH motifs (D = A/G/U; R = 
A/G; H = A/C/U) within internal long exons, 3’ 
untranslated regions (3’-UTRs), and sequences 
adjacent to stop codons, contributing to the stability of 
RNAs [50]. On average, each mRNA contains 3-5 m6A 
sites [43,51].  

The m6A modification is reversibly and 
dynamically regulated by methyltransferase (m6A 
writers) such as METTL3/METTL14 complexes, 
demethylases like ALKBH5 and FTO (m6A erasers), 
and m6A-binding proteins (m6A readers). These 
components are indispensable for RNA metabolic 
processes [52–54]. The detection of m6A modifications 
has advanced considerably, revealing their dynamic 
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regulation in response to environmental changes 
[55,56]. Initial methods like MeRIP-seq and m6A-seq 
used m6A-specific antibodies but had limited 
resolution. Advanced techniques, including 
enzymatic labeling techniques such as DART-seq, 
m6A-label-seq, m6A-SAC-seq, and m6A-REF-seq, 
along with single-base-resolution and quantitative 
methods like GLORI and eTAM-seq, have greatly 
enhanced mapping precision [57]. However, critical 
challenges regarding RNA integrity and accuracy 
constraints in low-abundance transcripts remain 
incompletely resolved. Furthermore, integration with 
single-cell sequencing, machine learning, and 
third-generation sequencing technologies further 
refines m6A detection [58]. 

Previous studies have extensively investigated 
the mechanisms of m6A modifications in diverse 
biological processes, such as tumorigenesis, 
embryonic development, and the central and 
hematopoietic systems [59,60]. Recent studies showed 
that m6A modification also dynamically regulated 
autophagy and inflammatory responses of the skin 
during wound healing [61]. In inflammation models, 
the downregulation of METTL3 and METTL14 
promoted inflammation activation, and METTL3 
upregulation drove M1 macrophage polarization [62–
64]. Additionally, m6A epigenetically can modulate 
key cellular processes during wound healing, such as 
proliferation, differentiation, migration, angiogenesis, 
re-epithelialization, and the formation of skin 
appendages, ultimately influencing healing outcomes 
[65,66]. Accordingly, this review aims to 
systematically elucidate the critical roles and 
mechanisms of m6A RNA methylation in skin wound 
healing and post-wound events. We highlight the 
potential of m6A as a therapeutic target for improving 
outcomes in diabetic wounds, burn injuries, scar 
formation, and skin appendages.  

The m6A Regulators 

The m6A writers 

The m6A writers function as RNA 
methyltransferases that catalyze the site-specific 
N6-methylation of adenosine in RNAs, adding m6A 
marks to RNA [67]. The core writer complex consists 
of METTL3 and METTL14, which form a 1:1 
heterodimeric structure indispensable for m6A 
methylation [68]. METTL3 contains a catalytic domain 
critical for transferring the methyl group from 
S-adenosylmethionine to the ribose of adenosine 
residues [69]. METTL14, while lacking catalytic 
activity, stabilizes the complex and enhances the 
substrate specificity by recognizing RNA motifs [70]. 

Accessory proteins such as WTAP and ZC3H13 
further modulate the enzymatic activity and 
subcellular localization of the METTL3-METTL14 
complex, ensuring precise m6A deposition at specific 
genomic sites [71]. Recent advances in this field have 
expanded the repertoire of m6A writers to include 
METTL5, METTL7A, METTL7B, METTL16, and 
ZCCHC4 [72,73]. All these writers collectively 
regulate m6A deposition dynamically, orchestrating 
diverse post-transcriptional networks and influencing 
various cellular processes such as gene expression, 
RNA stability, and translation efficiency. 

The m6A readers 
The m6A readers are proteins equipped with 

specific domains that recognize and bind 
m6A-modified RNA, influencing downstream 
biological processes. YTH domain-containing proteins 
such as YTHDF1, YTHDF2, and YTHDF3 represent a 
major family of readers that adopt β-propeller folds, 
enabling high-affinity binding to m6A residues [74]. 
These readers can regulate RNA stability, splicing, 
and translation by recruiting auxiliary factors or 
directly interacting with RNAs. For instance, YTHDF2 
promotes RNA degradation by recruiting the 
CCR4-NOT deadenylase complex, and YTHDF1 
enhances translation by interacting with ribosomal 
subunit [73]. Beyond YTH proteins, other reader 
families, such as HNRNPs and IGF2BPs, utilize 
distinct structural motifs to recognize m6A, expanding 
the diversity of m6A-mediated regulatory 
mechanisms [75]. 

The m6A erasers 
The m6A erasers, primarily ALKBH5 and FTO, 

are RNA demethylases that enzymatically reverse 
m6A modifications by removing methyl groups from 
adenosine residues [76]. Structural studies of 
ALKBH5 reveal an α-KG-binding site and a catalytic 
cavity where the m6A residue is accommodated for 
demethylation [77]. The reaction involves the 
abstraction of a proton from the methyl group, 
followed by oxidative cleavage to restore the 
unmodified adenosine [78]. FTO exhibits a similar 
catalytic mechanism but shows distinct substrate 
preferences and tissue-specific expression patterns 
[79]. Beyond their intrinsic enzymatic activity, the 
m6A erasers also interact with RNA-binding proteins 
to form complexes that regulate RNA metabolism. 
These erasers play pivotal roles in dynamically 
modulating the m6A landscape, ensuring precise 
control of RNA stability, splicing, and translation in 
response to cellular and environmental changes [80].  
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The dynamic regulatory role of m6A in RNA 
metabolism 

The m6A modification is catalyzed by the 
methyltransferase complex, primarily composed of 
METTL3, METTL14, and WTAP, which add methyl 
groups to specific adenosine residues in RNAs [81]. 
This modification is subsequently recognized by m6A 
readers, modulating RNA stability, alternative 
splicing, nuclear export, and translational efficiency, 
thereby influencing cellular differentiation, 
tumorigenesis, and immune regulation [82]. The 
removal of m6A is mediated by m6A erasers FTO and 
ALKBH5, which reverse methylation to destabilize 
mRNA or alter its translational potential, thereby 
impacting stem cell fate, DNA damage response, and 
metabolic reprogramming in cancer [83] (Figure 2). 
The m6A writers, readers, and erasers form a 
collaborative network that balances RNA 
modifications, ultimately regulating RNA fate and 
cellular responses. 

The m6A modification in normal wound 
Atlas of m6A in normal wound 

The m6A modification plays a crucial regulatory 
role in biological processes like tissue morphogenesis 
and cellular differentiation. Recent findings reveal its 

novel impact on wound healing by modulating 
keratinocyte, fibroblast activity and other cell fates. 

m6A writers in normal wound 
The lncRNAs lack protein-coding capacity, but 

could critically impact cellular metabolism, migration, 
and proliferation by regulating gene transcription and 
translation [84–86]. The dynamic regulation of m6A 
could interact with lncRNA to intricately govern stem 
cell differentiation pathways during skin 
development [87]. The plasmacytoma variant 
translocation gene 1 (PVT1) encodes an lncRNA 
located on chromosome 8 in the 8q24 region, which is 
a recognized cancer risk region and is adjacent to the 
myelocytomatosis oncogene (MYC). Recent studies 
further identified its regulation of epidermal 
differentiation as well as wound healing [88]. Lee et 
al. showed that the conditional knockout of m6A 
writer METTL14 in mice resulted in impaired skin 
development and inhibited wound healing [89]. 
METTL14 could modify lncRNA PVT1 to stabilize 
MYC, thus increasing p63+ basal cell number, 
epidermal thickness, and spinous layer, as well as 
maintaining the stemness of epidermal progenitor 
cells. The activation of the METTL14-PVT1 axis 
significantly enhanced the stemness of epidermal 
progenitor cells, thereby accelerating wound healing. 

 
 

 
Figure 2. Dynamic m6A regulatory mechanism in RNA metabolism.The m6A modification is orchestrated by writers (METTL3/14 complex with accessory proteins), 
readers (YTHDFs, HNRNPs) recognizing methylated adenosines, and erasers (FTO/ALKBH5) mediating demethylation. Writers establish m6A marks through catalytic 
methylation, readers decode these marks to regulate RNA stability, splicing, and translation, while erasers dynamically erase modifications. This tripartite system governs 
spatiotemporal control of RNA processing, influencing cellular metabolism and function. 
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m6A readers in normal wound 
The IGF2BPs constitute a distinctive group of 

m6A readers that interact with the GG(m6A)C 
consensus motif, facilitating the stabilization and 
retention of target mRNAs in an m6A-dependent 
manner [90]. By bioinformatics analysis, Zhi et al. 
found that IGF2BP2 and IGF2BP1 expressions were 
upregulated in human skin wounds [91]. And, 
IGF2BP2 could enhance the stability of heparanase by 
binding to 3’-UTR of heparanase. This led to the 
promoted proliferation, migration, and angiogenesis 
of HaCaT cells in vitro, implicating IGF2BP2 as a 
vascular-associated target of wound healing. Wu et al. 
discovered that IGF2BP2 expression was upregulated 
in the wound margin epidermis of wild-type mice, 
while overexpressed microRNA (miRNA) let-7b 
could suppress the IGF2BP2 expression in HaCaT 
cells by targeting 3’-UTR, thus inhibiting cell 
migration in vitro [92]. In addition, let-7b 
downregulated re-epithelialization and wound 
healing processes in mice through the let-7b-IGF2BP2 
axis, thereby repressing the wound healing process. 
This study emphasized the specific capability of let-7b 
in impacting wound healing by targeting IGF2BP2. 

m6A erasers in normal wound 
The ALKBH5 enhanced neuronal survival and 

plasticity through m6A demethylation, while 
hindering axonal regeneration in both the central and 
peripheral nervous systems [93,94]. In immune 
regulation, ALKBH5 promotes CD4+ T cell activity 
and neutrophil migration under inflammatory condi-
tions and supports antimicrobial responses [95,96]. In 
the wound skin in mice, Huang et al. demonstrated 
that the overall m6A modification was decreased with 
ALKBH5 and FTO upregulation [97]. The ALKBH5 
promoted migration of HaCaT cells but with little 
alteration of cell apoptosis or proliferation. Further-
more, ALKBH5, along with m6A reader YTHDF2, 
promoted PELI2 expression by removing the m6A 
modification and enhanced the stability of PELI2 both 
in HaCaT cells and mice, thus contributing to 
keratinocyte migration, re-epithelialization, and skin 
wound healing. Removal of the m6A modification of 
PELI2 by ALKBH5 offered an m6A-targeted 
conception for re-epithelialization in wound healing. 

The m6A Modification in Diabetic 
Wound 
Atlas of m6A in diabetic wound 

While normal wound repair progresses through 
tightly coordinated phases of inflammation resolution 
and tissue regeneration, diabetic wounds exhibit a 

prolonged healing trajectory under hyperglycemic 
stress, which is exacerbated by persistent chronic 
inflammation, suppressed autophagic activity, and 
the accumulation of advanced glycation end products 
(AGEs). The m6A modification maintains RNA 
homeostasis in physiological conditions but becomes 
functionally compromised under metabolic stress 
[61], and further investigation is warranted to clarify 
the dynamic changes of m6A within these critical 
processes. Shen et al. reported that the global m6A 
levels were decreased in MeRIP-Seq of mice diabetic 
wound tissue, with 777 downregulated peaks out of 
1335 significantly different m6A peaks [98]. For m6A 
regulators, ALKBH5 was upregulated while METTL3, 
METTL14, and WTAP were downregulated in 
diabetic wounds. In addition, the m6A upregulated 
peaks were enriched in immune response, metabolic 
process, and redox reaction, indicating possible 
physiological functions regulated by m6A. 

m6A writers in diabetic wound 
The human umbilical cord mesenchymal stem 

cells (hUCMSCs) mitigated oxidative stress-induced 
damage in HUVECs through exosome-mediated 
secretion, which concurrently reduces the 
inflammatory response. Furthermore, exosomes 
derived from hUCMSCs could promote blood 
perfusion, angiogenesis, and granulation tissue 
formation, thereby facilitating the acceleration of 
diabetic wound healing [99]. Huang et al. 
demonstrated that lncCCKAR-5 was downregulated 
in hUCMSCs treated with high glucose, which 
intensified the autophagic effect [100]. However, the 
m6A writer METTL3 could modify lncCCKAR-5 and 
enhance the formation of lncCCKAR-5/LMNA/ 
MKRN2 complex in hUCMSCs. This complex then 
promoted expressions of senescence-related genes 
and ubiquitin-mediated degradation of LMNA, and 
inhibited the autophagy process, leading to the 
impaired healing function of hUCMSCs in diabetic 
wounds in nude mice. 

m6A readers in diabetic wound 
Elevated glucose levels in diabetic wounds 

disrupt autophagy, hindering cellular migration and 
re-epithelialization, and this process is intricately 
regulated by m6A methylation [101] [102]. The m6A 
reader YTHDC1 regulates embryonic development by 
modulating mRNA splicing, polyadenylation, and 
chromatin accessibility [103]. Liang et al. 
demonstrated that YTHDC1 exhibited decreased 
expression in HaCaT cells exposed to hyperglycemia, 
consequently leading to the downregulation of 
SQSTM1 and autophagy-related genes, accompanied 
by elevated apoptosis rates [104]. Consistently, 
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YTHDC1 downregulation in db/db mice accelerated 
the degradation of SQSTM1 mRNA and reduced 
autophagic flux, thus resulting in impaired wound 
healing, evidenced by thinner epidermis and delayed 
diabetic wound healing process. 

Circular RNAs (circRNAs), characterized by 
their covalently closed-loop structures and resistance 
to degradation, have been shown to critically 
influence diabetic wound healing by impairing 
keratinocyte migration. Huang et al. discovered that 
m6A reader IGF2BP3 could interact with circCDK13 in 
an m6A-dependent manner to enhance the stability of 
each other [105]. This promoted circCDK13 function 
in increasing CD44 and c-MYC expression, thus 
enhancing the proliferation and migration of human 
dermal fibroblasts (HDFs) and human epidermal 
keratinocytes (HEKs) in vitro. Furthermore, the 
injection of circCDK13-overexpressing small 
extracellular vesicles (sEVs) significantly upregulated 
the expression of IGF2BP3, then accelerated healing 
and skin regeneration of full-thickness cutaneous 
wounds in db/db mice with diabetes, which provided 
an m6A-circRNA axial therapy for diabetic wound 
healing. 

m6A writer-reader pairs in diabetic wound 
The interaction between m6A readers and target 

RNAs alters the RNA half-life, thereby influencing the 
downstream effects of m6A modifications. This 
reader-dependent modification can either amplify or 
attenuate downstream consequences.  

By examining clinical samples, Wang et al. found 
that METTL3 expression was reduced by more than 
50% in the tissues of DFU patients compared with 
normal human tissues. Moreover, the degree of 
METTL3 reduction was positively correlated with 
DFU severity [106]. The m6A modification by 
METTL3 and IGF2BP2 enhanced the stability, 
expression, and function of NDUFB5, thereby 
reversing the inhibition of cell viability, migration, 
and mitochondrial respiration of HUVECs induced by 
AGEs. Further exploration demonstrated that the 
expressions of NDUFB5 and METTL3 were 
downregulated in diabetic wounds of STZ-induced 
diabetic mice, while the overexpression of NDUFB5 
accelerated diabetic wound healing in mice. This 
study confirmed the pivotal role of 
METTL3-mediated NDUFB5 m6A modification in 
accelerating DFU wound healing. Zhou et al. 
demonstrated that the overexpression of METTL3 in 
ADSCs accelerated the migration and proliferation of 
LECs in the co-culture model. Furthermore, m6A 
modification by METTL3 and IGF2BP2 in ADSCs 
elevated VEGF‑C expression and VEGF‑C‑mediated 
lymphangiogenesis in diabetic wounds of mice, 

therefore contributing to diabetic wound healing 
[107]. Therefore, METTL3 functioned in enhancing 
lymphangiogenesis and improving ADSC efficiency 
in DFU treatment. 

The m6A modification in burn injury 
Atlas of m6A in burn injury 

Elevated levels of cytokines and chemokines in 
burn wounds drive a pronounced inflammatory 
response, while intensified oxidative stress induces 
endothelial damage, capillary leakage, and 
distributive shock [108,109]. Furthermore, adaptive 
immunity is markedly compromised, with reduced T 
cell proliferation and increased susceptibility to 
infections, compared to uninjured skin [110]. Ran et 
al. discovered that the overall m6A levels in burned 
human skin were downregulated compared with 
normal skin, with hypomethylation observed in 754 
lncRNAs and 5492 mRNAs [111]. Functional 
enrichment results showed that hypermethylated 
mRNAs promoted inflammatory responses, while 
hypomethylated mRNAs inhibited healing-related 
pathways such as supramolecular fiber organization 
and protein catabolism. The downregulation of the 
m6A regulators, including NRNPC, FMR1, ALKBH5, 
METTL16, and METTL14, suppressed overall m6A 
levels and resulted in low mRNA expression, thus 
hindering physiological processes in wound healing. 

m6A modification in burn injury 
FTO regulates adipogenesis and fat metabolism 

through RNA demethylation and has been implicated 
in the progression of various cancers by promoting 
cell proliferation, migration, and metastasis [112–114]. 
In keratinocytes, low-level arsenic exposure 
upregulates FTO expression, leading to a reduction in 
m6A methylation and the promotion of tumorigenic 
behaviors [115]. Xu et al. found that m6A eraser FTO 
was downregulated in both heat-stimulated HaCaT 
cells and human burn skin [116]. The overexpression 
of FTO inhibited TFPI-2 expression through m6A 
modification, which contributed to proliferation, 
migration, and VEGF expression in heat-stimulated 
HaCaT cells. In addition, the overexpression of FTO 
not only accelerated small blood vessel number, 
angiogenesis, and wound healing but also decreased 
depressive-like behaviors in the burn rat model. This 
suggests FTO as a potential m6A target for treating 
burn injuries and related complications (Figure 3). 

The m6A modification in Scars 
Atlas of m6A in scars 

Fibrosis within dermal tissue during wound 
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healing can result in pathological scarring, which is 
commonly observed when skin injuries extend deep 
into the dermis [117,118]. Throughout the 
proliferative phase, excessive scarring is facilitated by 
excessive deposition of ECM and sustained fibroblast 
recruitment, activation, and differentiation of 
fibroblasts. In the subsequent remodeling phase, 
impaired re-epithelialization further contributes to the 
development of excessive scarring. Excessive scarring 
manifests primarily as hypertrophic scars and keloids. 
Keloids, representing the more severe form, can 
extend beyond the original wound boundaries and do 
not regress. The keloid tissue also exhibits more 
disorganized deposition of type I and III hypocellular 
collagen bundles, and demonstrates a higher 
recurrence rate after surgical excision [119]. 

Recent advances in transcriptomic sequencing 
have revealed gene expression differences in scar 
tissues, highlighting the role of m6A methylation in 
scar formation. By merging two bulk RNA-seq 
databases, Yang et al. discovered that m6A writers 
METTL3 and METTL14 were downregulated while 
IGF2BP3 was upregulated in keloid samples [120]. 
The expression levels of m6A writers and m6A erasers 

showed a positive correlation due to their negative 
feedback regulation, and the diagnosis model using 
the expressions of m6A regulators showed excellent 
predictive ability. Xie et al. identified hub genes 
strongly correlated with keloid development by 
analyzing bulk RNA-seq sequencing of human keloid 
tissue and keloid fibroblasts [121]. Then they 
constructed a keloid diagnostic Lasso model based on 
5 genes and divided keloid samples into high-risk and 
low-risk groups, showing that m6A regulators 
ALKBH5, FTO, and HNRNPA2B1 were upregulated 
in the high-risk group, while YTHDF2 was 
downregulated. Hence, alterations in m6A-related 
gene expression are closely linked to scar tissue 
development. In HS, m6A sequencing revealed a 
decrease in the original 7,835 m6A peaks and an 
increase in 14,791 new peaks [122]. The genes 
associated with these m6A peaks were enriched in 
fibrosis-related pathways, and mRNA expression 
levels were positively correlated with m6A 
modifications. Notably, COL11A1, COL8A1, CYP1A1, 
and AR showed the highest expression and m6A 
levels in HTS. These findings provide a basis for 
further exploration of m6A-modified mRNA in HS. 

 

 
Figure 3. The regulatory roles of m6A modification in normal, diabetic, and burn wounds. The m6A dynamics orchestrate tissue repair by regulating keratinocyte 
and fibroblast migration, epidermal stemness, and angiogenesis through writers, readers, and erasers. In diabetic wounds, METTL3-IGF2BP2 enhances mitochondrial and 
lymphatic repair while hyperglycemia disrupts autophagy via YTHDC1-IGF2BP3. Burn injuries show FTO-mediated vascular restoration and METTL depletion-induced oxidative 
stress. Pathological conditions like hyperglycemia and thermal injury perturb m6A homeostasis, impairing re-epithelialization and amplifying inflammation through dysregulated 
RNA networks and senescence signals. Therapeutic targeting of m6A regulators, such as METTL3-IGF2BP2 and FTO, mitigated inflammation and oxidative damage, promoting 
repair across wound subtypes. 
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m6A writers in scars 
The m6A modifications exert significant 

influence on tissue regeneration, wound healing, and 
fibrosis by modulating processes such as epithelial- 
mesenchymal transition (EMT), cell type 
differentiation, and regulating diverse signaling 
networks. Elevated m6A levels have been observed as 
a hallmark of keloid formation. Fibroblasts, along 
with critical fibrosis-associated factors and pathways 
such as TGF-β and the Wnt/β-catenin signaling axis, 
are crucial modulators in altering cellular functions 
induced by m6A modification. 

By MeRIP sequencing, Lin et al. found the 
elevated m6A level in keloid tissue, with the m6A 
region mainly located in 3’-UTR and the methylation 
peaks mainly located on chromosomes 1, 17, and 19 
[123]. Among all m6A regulators, the levels of 
METTL3 and WTAP were significantly higher in 
keloid samples, while the levels of ALKBH5, FTO, and 
METTL14 exhibited little differences. Additionally, 
the Wnt and TGF-β pathways in keloids contained 
numerous high m6A level genes, and the Wnt/β- 
catenin/S100A4 pathway was elevated in human 
keloid samples, confirming Wnt signaling activation 
by m6A modification in keloids. Liu et al. further 
reported that TGF‑β1 elevated the m6A level in 
human Tenon’s capsule fibroblasts (HTFs) through 
the upregulation of m6A writers METTL3, METTL14, 
and WTAP [124]. In addition, the upregulation of 
METTL3 could also promote TGF-β/Smad signaling 
to enhance viability, proliferation, and ECM 
deposition in both HTFs and rabbit models of 
Glaucoma filtration surgery (GFS). The 
downregulation of METTL3 expression and TGFβ/ 
Smad3 signaling may improve the prognosis of 
glaucoma surgery. Additionally, activation of 
homeodomain-interacting protein kinase (HIPK2) has 
been shown to promote fibrosis in multiple organs 
through signaling pathways such as Wnt/β-catenin, 
TGF-β, and Notch Moreover, the overexpression of 
m6A writer ZC3H13 mediated the m6A modification 
of HIPK2 to maintain its stability, then promoted the 
proliferation and migration of human keloid 
fibroblasts (HKFs) but inhibited apoptosis in vitro, 
which led to keloid formation [125]. Inhibiting the 
ZC3H13-HIPK2 axis might be beneficial for reversing 
fibrosis and keloid formation. 

m6A erasers in scars 
The total m6A levels of keloids were decreased, 

and the overexpression of FTO in human fibroblasts 
enhanced cell migration [126]. In addition, FTO 
overexpression stabilized collagen I α-chain 
(COL1A1) by reducing the m6A modification of 

COL1A1 and upregulated α-smooth muscle actin 
expression, which contributed to collagen deposition. 
Nevertheless, the FTO overexpression could be 
inhibited by glucocorticoids, and this provided a 
potential mechanism of glucocorticoid treatment in 
keloids via m6A-related pathways. 

Similarly, ALKBH5 is an essential m6A 
demethylase and is involved in inhibiting the 
macrophage-to-myofibroblast transition induced by 
hypertensive stress and in curtailing hepatic stellate 
cell (HSC) proliferation, thereby functioning as a 
regulatory factor. The level of m6A modification was 
elevated in human keloid tissue, and the expression 
level of m6A eraser ALKBH5 was negatively 
correlated with the severity level of HSs [127]. 
ALKBH5 deficiency led to increased m6A levels in 
downstream targets COL3A1, COL1A1, and ELN, 
then the m6A reader YTHDF1 bound to these three 
targets to stabilize and upregulate expression. This 
led to pathological deposition and the remodeling of 
ECM in both vivo and vitro, finally resulting in HS. 
However, the overexpression of ALKBH5 inhibited 
the expression of downstream targets in HSFs and 
mice, thereby inhibiting the contraction of HSFs. The 
ALKBH5‑mediated m6A demethylation ameliorated 
ECM deposition in cutaneous pathological fibrosis, 
suggesting a potential option for reversing 
pathological fibrosis. 

The m6A Modification in Skin 
Appendages 
Atlas of m6A in skin appendages regeneration 

In severe skin wounds, the loss of functional skin 
cells and the disruption of the skin mechanical barrier 
make wound repair challenging. During the healing 
process, the absence of hair follicle stem cells, 
impaired activation of epidermal stem cells, and scar 
formation further hinder the regeneration of skin 
appendages [128]. The m6A modification is a crucial 
orchestrator in regulating cell apoptosis, 
development, and proliferation [55]. It is essential for 
maintaining stem cell pluripotency and guiding 
differentiation [129,130]. Therefore, during wound 
healing, exploring the relationship between m6A and 
the development and regeneration of skin 
appendages may help identify strategies to restore the 
structure and function of these appendages. 

m6A modification in hair follicle growth and 
regeneration 

To initiate a new hair follicle growth process, 
promoting signals from dermal cells, such as FGF7 
and TGFB2, along with BMP inhibiting signals, can be 
received by epidermal stem cells [131]. The 
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upregulation of various signals, including Wnt and 
Shh, subsequently creates an essential 
microenvironment for epidermal stem cell 
proliferation, differentiation, and ultimately hair 
formation [132,133]. Xi et al. found that the m6A peaks 
in mouse epidermis were enriched in key pathways 
for hair follicle formation, including Wnt and Shh 
[134]. METTL3-cKO newborn mice showed epidermal 
development disorders, with impaired WNT and 
SHH signaling pathways. Cellular experiments 
demonstrated that METTL3 knockout in epidermal 
progenitor cells led to a reduction in Wnt and Shh 
signaling pathways, and hair follicle formation, with 
an increase in sebaceous cell formation. López et al. 
also found the role of METTL3 in epithelial 
development and differentiation. Compared with WT 
mice, newborn METTL3-eKO mice exhibited 
abnormal epidermal development, including a thicker 
granular layer and stratum corneum, loss of basal cell 
polarity, hair follicle deformation, and ultimately a 
more differentiated cell phenotype [135]. METTL3 
Knockout in epidermal tissue cells increased the 
half-life and expression level of epigenetic modifier 
mRNA, which promoted the cell differentiation 
process. METTL3 is essential for proper hair follicle 
development and cellular differentiation through 

modulating Wnt and Shh signaling pathways. 

m6A modification in sweat gland growth and 
regeneration 

For sweat gland regeneration in superficial 
wounds, basal cells in the sweat ducts proliferate and 
differentiate to restore sweat gland structure, but in 
severe wounds, sweat glands fail to regenerate [136]. 
Autologous pluripotent stem cells and sweat 
gland-derived progenitor cells, with their strong 
regenerative abilities and excellent compatibility, hold 
great potential for regenerating sweat glands in large 
wounds [137]. For instance, TNF-α decreased the 
expression of the m6A writer FTO, which increased 
the m6A level of NANOG mRNA in the 3D culture of 
MSCs [138]. This led to a decrease in NANOG mRNA 
and protein expression, thereby inhibiting the 
differentiation of MSCs into sweat gland cells. The 
demethylation activity of FTO activated the 
differentiation potential of MSCs, while the 
TNF-α-FTO axis modified the level of m6A 
modification to regulate the differentiation of MSCs, 
thus providing an improved idea of stem cell 
therapies for sweat gland regeneration (Figure 4). 

 

 
Figure 4. The dynamic regulation of m6A methylation in pathological scarring, skin appendage regeneration, and other events. Dysregulated m6A writers 
(METTL3, WTAP) and erasers (FTO, ALKBH5) in scars disrupt TGF-β/Smad and Wnt/β-catenin signaling, promoting fibrosis via fibroblast activation, ECM deposition (COL1A1, 
HIPK2), and YTHDF1-mediated transcript stabilization. Conversely, m6A erasers mitigate ECM accumulation through demethylation. METTL3 guides epidermal stem cell 
differentiation (Wnt/Shh) for hair follicle regeneration, while FTO regulates sweat gland lineage via NANOG. m6A further modulates inflammation and necrosis, bridging 
epitranscriptomic dynamics to fibrotic pathology and tissue repair. 
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Table 1. Summary of key m6A regulators and their roles in wound healing and post-wound events 

Type Regulator Biological 
process 

Target Sample Biological function References 

m6A 
writers 

METTL3 Diabetic 
wound 

lncCCKAR-5 hUCMSCs, 
mice 

METTL3-mediated m6A modification of lncCCKAR-5 enhances the 
formation of the lncCCKAR5/LMNA/MKRN2 complex and LMNA 
degradation in hUCMSCs, thereby inhibiting diabetic wound repair 

[100] 

  Keloid Smad3 HTFs, New 
Zealand white 
rabbits 

METTL3 promotes TGF-β/Smad signalling by upregulating Smad3, 
thus enhancing the viability, proliferation, and ECM deposition of HTFs 

[124] 

  Hair follicle Wnt, Shh Mouse skin 
epidermal 
progenitors, 
C57BL/6 mice 

METTL3 ablation in epidermal progenitor cells leads to defects in Wnt 
and Shh signaling pathways, and reduced HF formation 

[134] 

  Hair follicle SETD1A, SETD1B, 
KMT2B, KMT2D 

C57BL/6 mice METTL3-eKO newborn mice have abnormal epidermal development 
and deformed hair follicles. 

[135] 

  Keloid Wnt3a, β-catenin, 
S100A4 

HSFs, Human 
keloid tissue 

Elevated METTL3 and WTAP upregulate the Wnt/β-catenin/S100A4 
pathway in human keloid tissue 

[123] 

 ZC3H13 Keloid HIPK2 HKFs, Human 
keloid tissue 

Elevated ZC3H13 mediates the m6A modification and stabilisation of 
HIPK2, thereby promoting HKFs proliferation and accelerating keloid 
formation 

[125] 

 METTL14 Wound PVT1 Mice METTL14 modifies lncRNA PVT1 to stabilize MYC, thereby increasing 
the number of p63-positive basal cells and promoting wound healing 

[89] 

m6A 
readers 

IGF2BP1 Diabetic 
wound 

HMGB1 HUVECs Increased expression of IGF2BP1 stabilises and increases the expression 
of HMGB1 mRNA, thereby promoting apoptosis in high 
glucose-induced HUVECs 

[147] 

 IGF2BP2 Wound HPSE HaCaT IGF2BP2 enhances the stability of HPSE, promotes the proliferation and 
migration of HaCaT cells, and accelerates wound healing 

[91] 

  Wound let-7b HaCaT, Mice The overexpression of let-7b inhibits the expression of IGF2BP2 in 
HaCaT cells, resulting in delayed epithelialisation and skin wound 
healing 

[92] 

 IGF2BP3 Wound circCDK13 HDFs, HEKs IGF2BP3 enhances circCDK13 to promote CD44 and c-MYC expression, 
which enhances the proliferation and migration of HDFs and HEKs and 
promotes wound healing 

[105] 

 YTHDC1 Diabetic 
wound 

SQSTM1 HaCaT, Mice Downregulation of YTHDC1 in HaCaT cells and mice accelerated 
SQSTM1 mRNA degradation, leading to delayed diabetic wound 
healing process 

[104] 

m6A 
erasers 

ALKBH5 Hypertrophic 
scars 

COL1A1, COL3A1, 
ELN 

HDFs, Human 
HTS tissue 

Defects in ALKBH5 lead to elevated m6A levels of COL3A1, COL1A1, 
and ELN, leading to pathological deposition and remodeling of the 
extracellular matrix 

[127] 

 ALKBH5 
FTO 

Wound PELI2 HaCaT, Mice ALKBH5 and YTHDF2 promote PELI2 expression, which promotes 
keratinocyte migration, epithelialization, and skin wound healing. 

[97] 

 FTO Burn injury TFPI-2 HaCaT, Rats Overexpression of FTO inhibits TFPI-2 expression, which promotes the 
proliferation of thermally stimulated HaCaT cells and accelerates 
wound healing in burned rats 

[116] 

  Keloid COL1A1, α-SMA HDFs, Human 
keloid tissue 

Overexpression of FTO in HDFs enhances the expression of COL1A1 
and α-SMA, thereby promoting keloid formation 

[126] 

  Sweat gland Nanog MSCs Inhibition of FTO expression by TNF-α leads to down-regulation of 
Nanog expression as well as a reduced potential for MSCs to 
differentiate into sweat glands. 

[138] 

 
 

Discussion 
The process of skin wound formation and 

post-wound events includes the causes of wound 
formation, the physiological and pathological 
mechanisms involved in wound healing, and the 
ultimate outcomes, encompassing the entire spectrum 
from wound initiation to complete healing [139–141]. 
Among these processes, the role of epigenetic 
regulation in cellular regulation is of paramount 
importance. The previous epigenetic studies on skin 
wound healing have primarily focused on ncRNAs, 
investigating regulatory mechanisms of chromatin 
and mRNA through miRNAs and lncRNAs [142,143]. 
Additionally, epigenetic modifications of RNA 

methylation such as m1A, m5C, m7G, and m3C have 
been identified and implicated in general RNA 
metabolism, their specific roles in wound healing and 
scar formation remain largely unexplored [144]. In 
contrast, m6A has emerged as the most extensively 
studied and functionally validated RNA modification, 
with robust evidence supporting its involvement in 
altering RNA splicing, half-life, and stability, thereby 
influencing transcription and translation processes 
[145]. This modification is implicated in numerous 
stages of skin wound healing and post-wound events, 
including skin development, cellular migration, 
differentiation, proliferation, environmental res-
ponses, inflammatory reactions, and autophagy [146]. 

While murine and in vitro studies provide 
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foundational insights into m6A dynamics, the 
interspecies differences necessitate cautious 
extrapolation to human pathophysiology. Murine 
wound healing exhibits accelerated re- 
epithelialization and reduced fibrosis compared to 
humans, potentially underestimating pathological 
scarring or chronic inflammation in diabetic or aged 
microenvironments [26]. Although it is indispensable 
to dissect core molecular pathways, conventional in 
vitro systems intrinsically lack the intercellular 
connections, real physiological context, and key 
immune factors that define the dynamic human 
wounding environment, consequently failing to 
demonstrate complete pathophysiological processes. 
[20]. Future studies should prioritize human tissue 
spatial transcriptomics or skin organoids to validate 
clinically translatable m6A targets. 

The extent of research on the clinical applications 
of m6A remains considerably limited compared to 
studies investigating its mechanisms, with most 
studies focusing on its role as a therapeutic target and 
biomarker in cancer [152]. Diagnostic models 
incorporating m6A-related regulators for tumor 
diagnosis and prognosis evaluation have been 
established through the analysis of RNA sequencing 
data [153,154]. In addition, the level of 
tumor-associated m6A regulators mediates gene 
expression regulation, which can enhance drug 
sensitivity and mitigate resistance, thereby improving 
the efficacy of immunotherapy, radiotherapy, and 
chemotherapy [155,156]. However, these advances 
remain insufficient for clinical translation in wound 
management. To bridge this gap, it’s necessary for 
future research to establish a comprehensive profiling 
of spatiotemporal m6A dynamics across healing 
phases, enabling temporally precise interventions. 
And identifying disease-critical RNA molecules 
through m6A reader-writer-eraser networks will 
empower targeted epitranscriptome editing for 
precision therapeutics. Critically, overcoming current 
interspecies limitations requires transitioning to 
human-relevant validation platforms, which replicate 
pathophysiological microenvironments to evaluate 
therapeutic efficacy before clinical translation. In 
parallel, in wound formation and post-wound events, 
studies primarily focus on sequencing and 
mechanisms, with clinical applications remaining 
unexplored. Although Yang et al. and Xie et al. 
constructed diagnostic models for keloid formation 
based on m6A-related genes, these models lack 
reliability due to small sample sizes and insufficient 
validation [120,121]. Current research predominantly 
leverages m6A regulators to modulate target 
expression, underscoring the imperative to translate 
epitranscriptomic modifications into clinical 

therapeutics. 

Conclusion 
The emerging field of epitranscriptomics has 

significantly advanced our understanding of m6A 
RNA methylation as a crucial regulator in skin wound 
healing and post-wound events. This review 
highlights the dual role of m6A modifications in both 
physiological repair and pathological conditions such 
as diabetic ulcers, burns, and HSs. Key regulators, 
including METTL3, IGF2BP2, and ALKBH5, are 
pivotal in modulating RNA stability and cellular 
processes. Despite progress, challenges remain, 
including fragmented research and limited clinical 
applications. Resolving the spatiotemporal dynamics 
of m6A methylation during healing transitions and the 
cell-specificity of reader functions demands 
integrated single-cell and spatial epigenomic 
technologies. Future studies should also focus on 
integrating temporal m6A profiling and multi-omics 
approaches, aiming to develop targeted therapies that 
improve chronic wound healing and restore skin 
homeostasis. 
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