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Chronic non-healing wounds, such as diabetic foot ulcers,
represent a clinical challenge with an increasing inci-
dence." A deeper understanding of the molecular mecha-
nisms underlying wound healing is of great significance.
RNA méA modification is a widespread and important
epigenetic regulatory mechanism,? but its role in wound
healing remains unclear. In this study, we found that
METTL3, an RNA méA methyltransferase, is a positive
regulator of wound healing and that its low expression is
closely related to chronic diabetic wounds. Mechanistically,
we found that METTL3 regulates m6A modification of
DNMT1 mRNA, increasing its expression and promoting
keratinocyte proliferation. Additionally, we found that
HNRNPA2B1 is the m6A “reader” that assists in regulating
DNMT1 expression; HNRNPA2B1 can recognize mé6A modifi-
cations on DNMT1 mRNA and increase its stability. More-
over, we discovered that lactate in the wound
microenvironment accounts for the up-regulation of
METTL3 expression during wound healing by inducing his-
tone H3K18 lactylation. Finally, using a mouse wound
model, we found that applying lactate or the lactylation
“eraser” inhibitor LBH589 to the wound site promoted
wound healing by up-regulating METTL3 expression. Our
findings provide new targets for chronic non-healing
wounds and suggest that lactylation modulation could serve
as a potential therapeutic strategy for accelerating wound
healing.

We examined the changes in the expression of m6A
regulators (METTL3, METTL14, WTAP, FTO and ALKBH5)
during wound healing (D1, D3, D5, D7, D9). The qPCR results
revealed that METTL3 was the only gene exhibiting a pro-
gressively increasing trend in expression (Fig. 1A). Western
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blot analysis and immunohistochemical staining confirmed
that METTL3 expression increased during wound healing
(Fig. 1B and C). Additionally, compared with that in normal
mouse skin tissue, METTL3 expression was lower in the skin
tissue of diabetic mice (Fig. S1A and S1B), and METTL3
expression did not increase with the progression of wound
healing in diabetic mice (Fig. S1C). Furthermore, when we
injected siRNAs targeting METTL3 or the METTL3 inhibitor
STM2457 into the wound sites of the mice, we found that
wound healing was significantly delayed (Fig. 1D and E;
Fig. S1D—S1H). These results indicate that METTL3 is a
positive regulator of wound healing.

Our previous immunohistochemical staining results
showed that METTL3 is expressed primarily in the epidermal
layer of the skin (Fig. 1C). Additionally, by querying single-
cell data from the Human Protein Atlas database, we found
that METTL3 is indeed expressed mainly within keratino-
cytes in skin tissue (Fig. 1F), and immunofluorescence
staining revealed that METTL3 is expressed predominantly
in keratinocytes (Fig. 1G). Therefore, we speculate that
METTL3 functions by influencing the function of keratino-
cytes. By interfering with METTL3 or overexpressing
METTL3 in keratinocytes, as well as utilizing the METTL3
inhibitor STM2457, we found that METTL3 had no effect on
keratinocyte migration but promoted its proliferation
(Fig. 1H and I; Fig. S2A—S20). These results indicate that
METTL3 regulates wound healing by promoting keratinocyte
proliferation.

We used RNA-seq to explore the downstream target
genes of METTL3. The results showed that silencing METTL3
in keratinocytes led to decreased expression of 456 genes
and increased expression of 576 genes (Fig. 1J). Moreover,
Kyoto Encyclopedia of Genes and Genomes (KEGG), Gene
Ontology (GO) and Gene Set Enrichment Analysis (GESA)
analyses indicated that METTL3 deficiency in keratinocytes

2352-3042/© 2025 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gendis.2025.101787&domain=pdf
http://www.keaipublishing.com/en/journals/genes-diseases
https://doi.org/10.1016/j.gendis.2025.101787
https://doi.org/10.1016/j.gendis.2025.101787
http://creativecommons.org/licenses/by/4.0/

Rapid Communication

e m6A regulators _ B (o] Expression of METTL3 in wound tissue
g 21 D1 ‘
y D3 A
=1
mor  75kd m METTL3
D9 o Wound rea
s T .
b1 D3 D5 D7 D9 Normal skin Wound edge(D5)
& "
E 120- " F
_ - si-NC e
F@ m A! L‘ ' 2 o "
=
si-NC L = 80 -
s
£ oo
R
si- METHJ i 3 +
2 20 E3 .
0 -
& g <& 4 :
G H
KRT14 METTL3 Merged
| K
o)
=z
GSE18590
o
u
E
o
2
si-METTL3 si-NC
M N HacaT _ .. HaCaT
HacaT . .
HacaT H *x W sMETLS §
T o mae §M] 22 = e H H
15 3 20
o b actin £ £
N = 43kd A—— — $
o SN S-METTLS NC O (METTL3) - H
00- 00- &
&(&’ & jc‘:’ & DNMT1 m6A DNMT1 m6A
T . P Q e
" — P e x
pt . 183kd DNMT1 £
. S L L - en
o o 43kd -’- pactin 3,
- - . i,
¢ >
s & E AR
& ¢ &
R Zos i -+ Normal skin
g g we g o7 = Wound skin
Eos oo . gos 75kd METTL3
£ £ % 05
os ge I § o0s-
£ g g
F £ 5 43kd | S o
gu: gn: _§_ :_: . p . B-actin
P - - % 01 LA(mM): o 5 15 25
Actinomyan® L, T
s
U I v
75kdi~*i METTL3 HoK1Bla CUTERIN i igo 75kd METTL3
.! - = [ e e VETTS
L2
183kd S— - DNMT1 éts 15kd H3Kk1gla e NN H3K18la
Pan-Kla H o
H3K18la  © )
TERI— o - D
i
Swweme (actin 43kd Se——— pocn oo ™ —
LBHS89(nM by
NC LA NC LA (nM): 0 40 LBHSSS(SOnM): - +
X Y

=R
= Pl

Wound area (%)

Figure 1

0.9%NaCl

Lactylation-driven METTL3 promotes wound healing. (A) Changes in the expression of RNA méA regulators during the

wound healing process detected by gPCR. (B) Changes in METTL3 expression during the wound healing process detected by Western
blot (WB). (C) Immunohistochemical staining for METTL3 expression at the wound site (Day 5). (D, E) Effects (D) and quantification
(E) of METTL3 siRNAs on mouse wound healing (n = 5). The siRNA (50 nM) was injected into the wound site of the mice every three
days. (F) Single-cell sequencing analysis was performed to examine METTL3 expression in various types of skin cells. Data were
collected from the HPA database. (G) Immunofluorescence staining for METTL3 expression in wound tissue (D5). (H) Effects of
METTL3 siRNAs on the growth of HaCaT keratinocytes. (l) Effects of METTL3 siRNAs on the proliferation of HaCaT keratinocytes
detected by Ki-67 staining. (J) Effects of METTL3 interference on gene expression in HaCaT keratinocytes detected by whole-
transcriptome sequencing. (K) Integration analysis of differentially expressed genes with genes involved in keratinocyte
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affected cell proliferation (Fig. S3A—S3C). By integrating
differentially expressed genes (GSE18590) and genes with
altered m6A modification levels (GSE165912) under condi-
tions of altered keratinocyte proliferation, we identified six
potential downstream target genes of METTL3 (Fig. 1K).
Among these candidate genes, DNMT1 is an important
regulator of keratinocyte proliferation (Fig. S3D and S3E).>
Besides, we found that the expression of DNMT1 gradually
increased during the wound healing process, similar to that
of METTL3 (Fig. S3F and S3G). In addition, we detected a
positive correlation between METTL3 and DNMT1 expres-
sion in skin tissues (Fig. S3H). Therefore, we decided to
focus on it. Verification by qPCR and Western blot revealed
that silencing METTL3 in keratinocytes indeed reduces
DNMT1 expression, whereas overexpressing METTL3 in-
creases its expression (Fig. 1L, M). Furthermore, we iden-
tified multiple méA modification sites within the DNMT1
mRNA sequence (Fig. S3I and S3J). Through méA dot blot
assays and MeRIP-gPCR analysis, we found that silencing
and overexpressing METTL3 inhibited and up-regulated,
respectively, both the overall RNA méA modification level
and the m6A modification level of DNMT1 mRNA (Fig. 1N;
Fig. S3K). Additionally, treating keratinocytes with the
METTL3 inhibitor STM2457 also reduced DNMT1 expression
and its mRNA m6A modification levels (Fig. S3L—S3N).
These results suggest that DNMT1 is the target gene of
METTL3-mediated RNA m6A modification in regulating ker-
atinocyte proliferation.

We attempted to identify the méA “readers” that
regulate DNMT1 expression. By analyzing genes that are
differentially expressed during keratinocyte proliferation,?
we shortlisted the following m6A ‘readers”: YTHDCI1,
IGF2BP2, HNRNPA2B1, EIF3H, and EIF3B (Fig. S4A).
Furthermore, by querying the GTEx database, we found
that HNRNPA2B1 and IGF2BP2 expression was positively
correlated with DNMT1 expression in skin tissue, especially
HNRNPA2B1 expression (Fig. S4B and S4C). When we
transfected siRNAs targeting HNRNPA2B1 and IGF2BP2 into
keratinocytes, the results indicated that silencing
HNRNPA2B1 significantly reduced DNMT1 expression,
whereas IGF2BP2 had no such effect (Fig. 10 and P).
Moreover, RNA Immunoprecipitation (RIP) assays revealed
that HNRNPA2B1 directly binds to DNMT1 mRNA and that
their interaction decreases significantly after silencing
METTL3 and increases upon overexpression of METTL3
(Fig. 1Q). Besides, RNA stability assays showed that both
HNRNPA2B1 and METTL3 enhance the stability of DNMT1

mRNA (Fig. 1R). Additionally, we found that silencing
HNRNPA2B1 significantly inhibited keratinocyte prolifera-
tion (Fig. S4D—S4l). These findings indicate that HNRNPA2B1
is the méA “reader” that regulates the stability of DNMT1
mRNA and the proliferation of keratinocytes.

Elevated lactate levels are a prominent characteristic of
the wound microenvironment. Our results showed that
lactate levels were indeed significantly elevated at the
wound site compared with those in normal skin tissue
(Fig. 15) and that lactate promoted METTL3 expression in a
dose-dependent manner (Fig. 1T). Recent studies have
found that lactate can regulate gene expression by
inducing histone lactylation.* The results showed that
lactate treatment indeed significantly increased the pan-
Kla and H3K18la levels in keratinocytes (Fig. 1U) and
induced METTL3 and DNMT1 expression as well as mé6A
modification (Fig. S5A and S5B). Besides, when endogenous
lactate production was inhibited by 2-DG, the expression of
METTL3, its downstream target DNMT1, and H3K18la was
all markedly down-regulated in keratinocytes. Conversely,
when keratinocytes were treated with rotenone, an in-
hibitor of cellular aerobic respiration, there was a notice-
able increase in METTL3, DNMT1, and H3K18la
(Fig. S5C—S5E). These results suggest that lactate induces
H3K18la and up-regulates the expression of METTL3 and
DNMT1 in keratinocytes. Furthermore, through CUT&RUN
experiments, we found that lactate stimulation induced
H3K18la enrichment at the METTL3 promoter region
(Fig. 1V) but not at the promoter region of DNMT1
(Fig. S5F). Histone deacetylases (HDACs) 1—3 have been
identified as histone lysine delactylases.® When we treated
keratinocytes with the pan-HDAC inhibitor panobinostat
(LBH589), we found H3K18la and METTL3 expression
increased significantly (Fig. 1W). Additionally, we found
that lactate treatment accelerated keratinocyte prolifer-
ation (Fig. S5G—S5L). These results indicate that lactate
accumulation in the wound microenvironment is sufficient
to activate METTL3 transcription and keratinocyte prolif-
eration by inducing H3K18la.

Finally, we established a mouse wound model and
applied lactate or the HDAC inhibitor LBH589 to the wound
sites. Compared with the saline treatment, the application
of lactate or LBH589 significantly accelerated wound heal-
ing in mice (Fig. 1X, Y; Fig. S6A—S6D, S6G, S6H). Addition-
ally, immunohistochemical staining demonstrated that
treatment with lactate or LBH589 significantly increased
METTL3 expression at wound sites (Fig, 1Z; Fig. S6E and

proliferation changes (GSE18590) and m6A changes during proliferation processes (GSE165912). (L, M) Effects of METTL3 inter-
ference or overexpression on DNMT1 expression detected by qPCR (L) and WB (M). (N) Effects of METTL3 interference and over-
expression on m6A levels in DNMT1 mRNA analyzed by MeRIP experiments. (O, P) Effects of interfering with IGF2BP2 and
HNRNPA2B1 on DNMT1 expression in HaCaT cells detected by qPCR (O) and WB (P). (Q) The impact of interfering with or over-
expressing METTL3 on the interaction between the HNRNPA2B1 protein and DNMT1 mRNA detected by RNA Immunoprecipitation
(RIP). (R) Effects of METTL3 and HNRNPA2B1 on DNMT1 mRNA stability. METTL3-overexpressing or si-HNRNPA2B1 keratinocytes were
treated with 5 ug/mL actinomycin D. (S) Measurement of the lactate content in the wound microenvironment (Day 5). (T) Effects of
lactate treatment on METTL3 expression detected by WB. (U) Effects of lactate stimulation on H3K18la and DNMT1 expression
downstream of METTL3 detected by WB. (V) Effects of lactate treatment on the binding of H3K18la to the METTL3 promoter
detected by the CUT&RUN assay. (W) Effects of the HDAC inhibitor LBH589 alone or in combination with lactate on H3K18la and
METTL3 expression detected by WB. (X, Y) Effects (x) and quantification (Y) of the HDAC inhibitor LBH589 on wound healing in mice
(n = 5). LBH589 (50 nM) was injected into the wound site of the mice every three days. (Z) Effects of LBH589 on METTL3 expression
in the wound tissue of mice detected by immunohistochemistry (IHC). **p < 0.01; *p < 0.05, NS: no significance.
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S6F). These results indicate that modulating lactylation
with a lactate or HDAC inhibitor can indeed promote
METTL3 expression and enhance wound healing in vivo.

In this study, we uncovered the novel role of lactylation-
driven METTL3 in regulating wound healing (Fig. S6l), of-
fering new targets and therapeutic strategies for chronic
non-healing wounds.
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