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by enhancing PELI2 mRNA stability

Xin Huang'", Yixuan Zhao'"", Daiming Liu?!, Shuchen Gu', Yunhan Liu', Yimin Khoong', Shenying Luo',
Zewei Zhang', Wenzheng Xia', Meng Wang', Hsin Liang', Minxiong Li", Qingfeng Li'" and Tao Zan'"

Abstract

Background Impaired wound re-epithelialization contributes to cutaneous barrier reconstruction dysfunction.
Recently, /\/6—methyladenosine (m®A) RNA modification has been shown to participate in the determination of RNA
fate, and its aberration triggers the pathogenesis of numerous diseases. Howbeit, the function of m°A in wound re-
epithelialization remains enigmatic.

Methods Alkbh5~~ mouse was constructed to study the rate of wound re-epithelialization after ALKBH5 ablation.
Integrated high-throughput analysis combining methylated RNA immunoprecipitation sequencing (MeRIP-seq) and
RNA-seq was used to identify the downstream target of ALKBH5. In vitro and in vivo rescue experiments were con-
ducted to verify the role of the downstream target on the functional phenotype of ALKBH5-deficient cells or animals.
Furthermore, the interacting reader protein and regulatory mechanisms were determined through RIP-gPCR, RNA
pull-down, and RNA stability assays.

Results ALKBH5 was specifically upregulated in the wound edge epidermis. Ablation of ALKBH5 suppressed
keratinocyte migration and resulted in delayed wound re-epithelialization in Alkbh5~~ mouse. Integrated high-
throughput analysis revealed that PELI2, an E3 ubiquitin protein ligase, serves as the downstream target of ALKBH5.
Concordantly, exogenous PELI2 supplementation partially rescued keratinocyte migration and accelerated re-epi-
thelialization in ALKBH5-deficient cells, both in vitro and in vivo. In terms of its mechanism, ALKBH5 promoted PELI2
expression by removing the m°A modification from PELI2 mRNA and enhancing its stability in a YTHDF2-dependent
manner.

Conclusions This study identifies ALKBH5 as an endogenous accelerator of wound re-epithelialization, thereby ben-
efiting the development of a reprogrammed m°A targeted therapy for refractory wounds.
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Background

In mammals, the barrier integrity of injured skin is
restored through a fundamental mechanism named
wound healing, which is a multistep process that
involves clotting, inflammation, re-epithelialization,
granulation tissue formation, and scar remodeling [1].
Re-epithelialization is considered to be an essential
factor that defines successful wound healing; during
this process, keratinocytes proliferate and migrate to
the wound edge and form a new epidermal sheet that
is composed of multiple layers of keratinocytes [2].
Impaired re-epithelialization is the cause of all types of

nonhealing chronic wounds that result from trauma,
diabetes, vascular disease, infection, or radiation [3].
Chronic wounds have become a substantial challenge
for patient families and the healthcare system world-
wide; an estimated 1 to 2% of the population will expe-
rience chronic wounds during their lifetime, and these
wounds are often accompanied by complications such
as cellulitis, gangrene, hemorrhage, amputation, and
disability [4]. Treating these wound-related compli-
cations alone costs the healthcare system in the US
over $25 billion each year [5]. Therefore, exploring the
mechanisms that regulate wound re-epithelialization
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is of significant clinical relevance and may provide
new insights for therapeutic strategies that accelerate
wound healing.

N°-Methyladenosine (m°A) is the most prevalent inter-
nal mRNA modification in eukaryotes [6]. In mammals,
m®A modification is dynamically and reversibly regulated
by “writers” (e.g., methyltransferase-like 3 (METTL3),
methyltransferase-like 14 (METTL14), and Wilms
tumor 1-associated protein (WTAP)) and “erasers” (e.g.,
fat-mass and obesity-associated protein (FTO) and
a-ketoglutarate-dependent dioxygenase alkB homolog
5 (ALKBHS5)) [6-8]. In addition, the m°A modification
can be recognized by specific RNA-binding proteins
that are known as “readers” (YTH domain family 1-3
(YTHDF1-3), heterogeneous nuclear ribonucleoprotein
(HNRNP), and IGF2 mRNA binding proteins (IGF2BP)).
After recognition by “reader” proteins, the m®A modifi-
cation affects various aspects of RNA metabolism includ-
ing RNA stability, translation, splicing, translocation, and
high-level structure [6, 7]. In recent years, various stud-
ies have shown that m°A modification is widely involved
in the maintenance of organ development [9, 10], tissue
repair and homeostasis [11, 12], and diseases [6-8, 13].

Recently, a number of studies have demonstrated the
extensive involvement of m®A modification in the regu-
lation of hair follicle morphogenesis [14], UV-mediated
skin injury [15], the development of systemic sclerosis
[16], psoriasis vulgaris [17], hypertrophic scarring [18],
and tumorigenesis [19-21]. In addition, m®A modifi-
cations also play important roles in the wound healing
process [12]. For example, epidermal-specific ablation
of Mettl14 inhibited wound healing by decreasing the
stemness of keratinocytes in vivo [12]. However, whether
m®A modifications play a role in regulating the migratory
ability of keratinocytes remains largely unclear. Moreo-
ver, a comprehensive understanding of the role of m°A
modification in wound re-epithelialization is lacking.

Herein, we identified ALKBH5-mediated m®A dem-
ethylation as a key regulator of wound re-epitheliali-
zation. First, we observed that ALKBHS5 is specifically
upregulated in keratinocytes at wound edges com-
pared to other m°A regulators. Functional analysis
showed that ALKBHS5 is necessary for cell migration
and wound re-epithelialization, as demonstrated by
in vitro ALKBH5 knockdown experiments and in vivo
cutaneous healing models in Alkbh5™'~ mice. PELI2
was identified as a downstream target of ALKBHS5
using high-throughput methylated RNA immunopre-
cipitation sequencing (MeRIP-seq). Supplementation
with exogenous PELI2 partially rescued cell migration
in vitro and accelerated wound re-epithelialization
in vivo. Furthermore, we found that YTHDF2 spe-
cifically binds to the m°A site in PELI2 mRNA and
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promotes its degradation. Overall, this study uncov-
ered a novel mechanism of the epigenetic regulation
of wound re-epithelialization by which the m°A eraser
ALKBHS5 facilitates keratinocyte migration by enhanc-
ing PELI2 mRNA stability in a YTHDF2-dependent
manner.

Methods

Patient samples

A total of 10 human chronic wound and adjacent normal
skin samples were collected from patients who under-
went surgical excision and flap reconstruction in Ninth
People’s Hospital, Shanghai Jiaotong University School
of Medicine from June 2020 to June 2022 (patient infor-
mation is summarized in Additional file 1: Table S1), and
these samples were used for immunofluorescence stain-
ing (IF). Written informed consent was obtained before
sample collection in accordance with the Declaration of
Helsinki and with approval from the Human Research
Ethics Committee of Shanghai Jiao Tong University
School of Medicine.

Cell lines and primary keratinocytes

The HaCaT cell line was purchased from the American
Type Culture Collection (Manassas, VA, USA) and con-
firmed by short tandem repeat (STR) profiling. HaCaT
cells were cultured in DMEM (Gibco) supplemented
with 10% fetal bovine serum (Gibco) and 1% P/S (Gibco),
under standard humid conditions at 37 °C with 5% CO,.
Primary mouse keratinocytes were isolated from the
epidermis of mice (8 weeks of age) after overnight treat-
ment with dispase II (Gibco, 17105041) at 4 °C, followed
by digestion with 0.1% trypsin (Gibco, 25300-054) for
15 min at 37 °C. The keratinocytes were cultured with
endothelial cell medium (ECM, ScienCell, 1001).

Mice and cutaneous wound healing model

All the modeling procedures for establishing the model
were conducted in accordance with the Guide for the
Care and Use of Laboratory Animals and were approved
by the Committee of Animal Care and Use for Research
and Education (CACURE) of Shanghai Jiao Tong Uni-
versity School of Medicine. Briefly, the mice were anes-
thetized, and the backs were shaved. Two full-thickness
cutaneous wounds 5 mm in diameter were generated
using a standard punch. The fascia below the pannicu-
lus carnosus was excised around the wound edge to
prevent wound contraction [22]. The wound area was
quantified by Image] software (National Institutes of
Health, Bethesda, MD) based on photos taken on days
0, 2, 4, 6, and 8 after wound establishment. Wound clo-
sure was calculated as previously reported: final area/
initial areax100%. The mice were sacrificed at day 8
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postwounding. The wound edge and normal skin were
excised including complete epithelial margins. The
wounds were bisected in the caudocranial direction, and
the tissue was either fixed overnight in 4% paraformalde-
hyde for further histological analysis or immediately fro-
zen in liquid nitrogen for mRNA or protein extraction.

Generation of Alkbh5™'~ mice

Male Alkbh5™"~ mice at 6-8 weeks of age were generated
via the CRISPR/Cas9 system. Briefly, two sgRNAs-spe-
cific for the introns on both sides of the target region of
Alkbh5 were constructed and transcribed in vitro. Cas9
and sgRNA were then microinjected into the zygotes of
C57BL/6 ] mice. The zygotes were transferred into the
oviducts of pseudopregnant ICR females, and FO mice
were born 19-21 days after transplantation. All offspring
were identified by PCR analysis and sequencing of DNA
from tail samples. A stable F1 generation mouse model
was obtained by mating positive FO generation mice with
C57BL/6 ] mice. All the mice used in this study were
bred and maintained at Gempharmatech Co., Ltd. (Nan-
jing, Shanghai, China) in accordance with institutional
guidelines.

Plasmid construction and RNA interference

Knockdown of RNA expression in HaCaT cells was
achieved by transfection with siRNA sequences syn-
thesized by Zorin Biotechnology Co., Ltd. (Shanghai,
China). The sequences of the siRNAs are listed in Addi-
tional file 2: Table S2. The PELI2 overexpression cassette
was generated by PCR, cloned into the pCDH vector, and
verified by DNA sequencing (the sequences of the PELI2
overexpression plasmid are summarized in Additional
file 3: Table S3). Transfection of siRNA and overexpres-
sion plasmids was performed using Lipofectamine 3000
transfection reagent (Invitrogen, L3000008) according to
the manufacturer’s instructions.

(See figure on next page.)
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RNA-binding protein immunoprecipitation (RIP)-qPCR

The m°A modification or RNA-binding proteins were
assessed by RIP experiments using an RNA immunopre-
cipitation kit (P0101, Geneseed, Shanghai, China) fol-
lowing the manufacturer’s instructions. Briefly, 1.0 x 10’
cells were treated with 1 ml RIP lysis buffer. The result-
ing supernatants were divided into two fractions: 100 pl
was kept as input and 900 pl was incubated with specific
antibody- or rabbit IgG-conjugated protein A/G mag-
netic beads in IP buffer supplemented with RNase inhibi-
tors at 4 °C overnight. The immunoprecipitated RNA was
digested, purified, and further analyzed by qPCR. The
antibodies and primers used for the RIP-qPCR experi-
ment are listed in Additional file 4: Tables S4 and Addi-
tional file 5: Table S5, respectively.

RNA pull-down

RNA-protein pull-down assays were performed using a
PureBinding RNA-protein pull-down kit (P0201, Gen-
eseed, Shanghai, China) according to the manufacturer’s
instructions. Biotin-labeled ssSRNA probes were synthe-
sized in vitro by Sangon Biotech (Shanghai) Co., Ltd. (the
sequences of the ssRNA probes are listed in Additional
file 6: Table S6). Briefly, the cell pellets were resuspended
and homogenized using 1 ml of standard lysis buffer.
Five percent of each sample was used as input. Then,
100 pmol of RNA probes and 50 ul of magnetic beads
were incubated with each sample at 4°C for 1 h with rota-
tion. The eluted protein and input samples were diluted
using SDS-PAGE loading buffer and analyzed by WB.

Dot-blotting (DB) assay

Total RNA was extracted from tissues according to the
protocol used in our previous study [23]. RNA was quan-
tified using a NanoDrop, and 1 pg or 2 pg of RNA was
spotted onto a nylon membrane (Millipore, INYC00010).
The membranes were cross-linked under ultravio-
let (UV) light and then blocked with 5% milk for 1 h at

Fig. 1 Decreased RNA m°A modification and increased ALKBH5 expression in keratinocytes in healthy wound edges. a Generation of 5-mm
diameter full-thickness skin wounds on mouse backs with the fascia (red dashed lines) below the panniculus carnosus excised to prevent wound
contraction. b The gross appearance and histology of skin wounds at post wound day 2 (PWD2). The wound bed, wound edge, and adjacent
normal skin were outlined and designated. Scale bar: 250 um. ¢ Global m°A levels of MRNA extracted from the skin of wound edges and adjacent
normal skin were measured by m®A DB assays. Total RNA was determined by methylene blue staining (as a loading control). The experiments were
performed in triplicate. t test, two-sided *P < 0.05. d Heatmap of m®A “writer” and “eraser” gene expression in wound edges and normal skin. The
experiments were performed with four biological replicates. e Heatmap of m®A “writer” and “eraser” gene expression in the epidermis and dermis
of the wound bed and wound edge according to RNA-seq data (GSE159939). f ALKBHS expression in the skin of the wound edge was visualized by
IF. Scale bar: 100 um. g Statistical analysis of the percentage of ALKBH5* keratinocytes per HPF. Wound samples were collected from four mice, and
the percentage of ALKBH5" cells is shown as the mean + SD. t test, two-sided ***P<0.001. h Representative clinical photography showing a cohort
of patients with chronic wounds characterized by healed or refractory nonhealing wounds. i ALKBH5 expression in the wound edges of healed
wounds, refractory wounds, and normal skin was visualized by IF. Scale bar: 100 um. j Statistical analysis of the percentage of ALKBH5" epidermal
cells per HPF. The wound edges of four healed wounds, six refractory wounds, and their corresponding normal skin controls were analyzed. The
percentage of ALKBH5* cells is shown as the mean + SD. One-way ANOVA, ***P <0.001. Epi epidermis. Dotted lines denote epidermal boundaries
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room temperature. The membranes were incubated with
an anti-m°®A antibody (see detailed information in Addi-
tional file 4: Tables S4) at 4 °C overnight. The membranes
were incubated with horseradish peroxidase (HRP)-
conjugated secondary antibodies for 1 h at room tem-
perature and visualized using ECL chemiluminescence
(Millipore, WBKLS0100). The same amount of mRNA
was spotted on the membranes and stained with 0.02%
methylene blue as a loading control.

MeRIP-seq

MeRIP-seq was performed as described previously
[24, 25]. In brief, total RNA was extracted from human
epidermis samples (see sample details in Additional
file 7: Table S7) and HaCaT cells and fragmented into
approximately 100-nucleotide-long fragments. Approxi-
mately 5% fragmented RNA was used as input, and the
remaining RNA was enriched by immunoprecipitation
using affinity-purified anti-m®A polyclonal antibodies
(ABE572, Millipore, Germany). Sequencing was car-
ried out using an Illumina NovaSeq 6000 platform. The
MeRIP-seq data were deposited in the GEO database
(GSE 211442).

RNA-seq and data analysis

Total RNA was extracted from HaCaT cells using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). Poly-T oligo-
attached magnetic beads were used to enrich eukary-
otic mRNA. After fragmentation, mRNA was converted
into individual cDNA libraries. After cluster generation,
the library preparations were sequenced on an Illumina
Novaseq " 6000 platform. Gene expression levels were
quantified by fragments per kilobase of exon model per
million mapped reads (FPKM). The DESeq2 algorithm
was used to identify differentially expressed genes, and a
false discovery rate (FDR)<0.05 and | log2(fold change)
|>1 were used as the thresholds. The RNA-seq data were
deposited in the GEO database (GSE 211076).

(See figure on next page.)
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Gene otology (GO) analysis of designated genes was
performed using DAVID (http://david.abcc.ncifcrf.gov/).
Fisher’s exact test was used to identify the significant GO
categories, and FDR was used to correct the P values.
GO terms with P<0.05 were considered to be statisti-
cally significant. Enrichment maps were created using
Cytoscape 3.7.0, and bubble plots were constructed using
Prism GraphPad 9.0 (GraphPad Software, Inc.). The cor-
relation network of PELI2 with other candidate genes or
with cell migration was constructed using IPA (Ingenuity
Systems).

In vivo cell tracking

HaCaT cells were seeded in 12-well plates at 40% cell
density one day before siRNA or overexpression plasmid
transfection. The attached cells were scratched with a
200-pl pipette tip when they grew to confluence. The cells
were then subjected to phase contrast time-lapse imag-
ing experiments using an automated inverted microscope
(IX-81, Olympus, Tokyo, Japan) equipped with an incu-
bator that regulated temperature (37°C), humidity (95%
relative humidity), and CO, concentration (5%). High-
resolution images of selected fields were captured succes-
sively every 2 h for 38 h. The exported video data were
analyzed using PIVlab software (Version 2.56) for MAT-
LAB (R2021a) following the software instructions [26].

Cell proliferation assay

Cell proliferation was assessed by a CCK-8 kit (Dajindo,
Japan) and Ed-U DNA Cell Proliferation kit (Beyotime
Biotechnology, China) following the manufacturer’s
instructions, as we previously described in a previous
study [27].

Cell apoptosis and cell cycle assay

Cell apoptosis was assessed as we described in a previ-
ous study using a FITC-Annexin V apoptosis kit (BD Bio-
sciences, San Diego, CA) following the manufacturer’s

Fig. 2 Inhibition of ALKBH5 impairs keratinocyte migration in vitro. a, b Decreased ALKBH5 expression was confirmed in HaCaT cells after siRNA
transfection by gRT-PCR (a) and WB (b). The experiments were performed in triplicate. One-way ANOVA, ***P < 0.001. The full-length blots

are presented in Additional file 8: Fig. S1. ¢ Global m°A levels of mRNA extracted from ALKBH5-knockdown or control HaCaT cells after sSiRNA
transfection were determined by m®A DB assays. Total RNA was determined by methylene blue staining (as loading control). d Cell migration of

ALKBHS5-knockdown or control HaCaT cells was analyzed by Transwell assay. Scale bar: 25 um. e Statistical analysis of the Transwell assay. All of the
experiments were performed in triplicate, and five random fields were included in the analysis. The percentage of migrated cell areas is shown as
the mean + SD. One-way ANOVA, ***P < 0.001. f Representative dynamic cell velocity mapping of ALKBH5-knockdown or control HaCaT cells at 0 h,
2 h, 16 h, and 32 h after scratching using cell tracking imaging. u velocity in the x direction, v velocity in the y direction. The velocity magnitude
represents the resultant velocity of u and v. The direction and magnitude of the velocity are indicated with black arrows and color density,
respectively. FC phase—contrast image. Scale bar: 250 um. g Statistical analysis of the velocity magnitude of HaCaT cells in the ALKBH5 knockdown
and control groups at different time points. h Statistical analysis of the healing rate of scratched wounds. All of the experiments were performed

in triplicate. i The long-term migratory ability of HaCaT cells was evaluated with wound scratching assays. Scale bar: 100 pm. j Statistical analysis

of wound healing assays. All of the experiments were performed in triplicate, and 3 random fields were included at each time point for analysis.
One-way ANOVA, ***P <0.001
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instructions [23]. Briefly, the cells were washed twice with
cold PBS and stained with FITC-Annexin V and PI on ice
for 5 min. For cell cycle analysis, the cells were collected
and fixed with 75% cold ethanol at 4 °C for 2 h. Cells were
rinsed with PBS 3 times and stained with RNase A and
propidium iodide (Cell Cycle Assay Kit, Dojindo, Japan)
successively according to the manufacturer’s instructions.
The samples were subjected to flow cytometry analysis
(BD LSRFortessa analyzer, BD Biosciences).

Transwell assay

A 24-well Transwell system with polycarbonate filters
(8-pm pores, Corning, USA) was used for the Transwell
assay according to the protocol described in our previous
study [28]. The area of cells that migrated from the mem-
brane was analyzed by Image] software.

Wound healing assay

HaCaT cells were seeded in 6-well plates and transfected
with siRNAs or overexpression plasmids. After reaching
confluence, the attached cells were scratched with a 200-
ul pipette tip. The cells were then cultured at 37°C in 5%
CO,, and images were captured at O h, 24 h, 48 h, and
72 h using an inverted microscope (Nikon, Japan). The
wound areas were measured with ImageJ software and
normalized to the wound area at 0 h.

Quantitative real-time PCR

Total RNA was extracted using TRIzol reagent (Invitro-
gen). Complementary DNA was synthesized using 1000 ng
RNA with PrimeScript RT Master Mix (Takara, RRO36A).
qRT-PCR was performed on an ABI QuantStudio 6 Flex
system using SYBR Premix (Takara, RRO66A) according
to the manufacturer’s instructions. The sequences of the
primers are summarized in Additional file 5: Table S5.

WB and IF

WB and IF staining were performed according to the
protocol described in our previous study [23]. The

(See figure on next page.)
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antibodies used for WB and IF are listed in Additional
file 4: Table S4. The uncropped original western blots in
this article are provided in Additional file 8: Fig. S1.

Statistical analysis

GraphPad Prism 9 was used for the statistical analyses.
The values are presented as the mean + SD, and statistical
significance was determined as indicated in each figure
legend. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
The distribution of data was first examined using the
Shapiro—Wilk normality test, Kolmogorov—Smirnov
test, and D’Agostino & Pearson normality test. The com-
parison between two groups was conducted using a
two-tailed unpaired Student’s ¢ test if the data fit a nor-
mal distribution and variances were similar by F test
(P>0.05). For variances that differed according to the F
test (P<0.05), two-tailed unpaired Student’s ¢ test with
Welch’s correction was used. The Mann—Whitney U test
was conducted when the data did not fit a normal dis-
tribution. If the variance among three or more groups
was minimal, ANOVA followed by Dunnett’s post-
test or Turkey’s post-hoc test was used for multigroup
comparisons.

Results

Decreased RNA m®A modification and increased ALKBH5
expression were observed in keratinocytes at wound
edges>

To investigate the functional role of RNA m°A modifi-
cations in wound re-epithelialization, we generated full-
thickness skin wounds on the backs of mice (Fig. 1a and
b). We observed a significant decrease in global m°®A
modification in the skin at the wound edge compared to
adjacent normal skin using anti-m°A dot-blotting (DB)
(Fig. 1c). Furthermore, we measured the expression lev-
els of m°A “writers” and “erasers; and we observed a
significant upregulation of ALKBH5 and FTO mRNA
expression in the skin of wound edges, while the expres-
sion of other regulators remained unchanged (Fig. 1d).

Fig. 3 Loss of ALKBH5 impairs wound re-epithelialization in mice. a Schematic ideogram showing the strategy for the deletion of the ALKBH5
gene using CRISPR/Cas9 technology. b, ¢ The loss of ALKBH5 expression in the skin and epidermis of Alkbh5™~ mice was confirmed by WB (b)

and IF (c), respectively. The full-length blots are presented in Additional file 8: Fig. S1. d The global m°A level of skin at the wound edge of WT and
Alkbh5™~ mice was measured by m°A DB assays. Total RNA was determined by methylene blue staining (as a loading control). The experiments
were performed in triplicate, and the relative m®A modification contents are shown as the mean + SD. t test, two-sided *P<0.05. e IF revealed the
loss of ALKBHS5 expression in the epidermis at the wound edge of Alkbh5~~ mice. Scale bar: 100 um. Dotted lines denote epidermal boundaries.

Epi epidermis. f, g Representative images of cutaneous wounds (f) of WT and Alkbh5™~ mice on PWDO, PWD2, PWD4, PWD6, and PWDS8. Scale bar:
2 mm. The black dashed circle delineates the original wound of 5 mm width. Rates of wound closure (g) were quantified by using ImageJ software
and are expressed as the percentage of the nonhealing area. Twelve wounds of six mice were included in the analysis. The relative percentages of
wound closure are shown as the mean +SD. t test, two-sided **P<0.01, ***P < 0.001. h, i Histological analysis (h) of wound re-epithelialization in WT
and Alkbh5™~ mice at PWD8. The line with arrowheads indicates the 5 mm width of the original wound gap. The line with blunt ends delineates the
epithelial gap, which represents the nonepithelialized wound area. Scale bar: 1 mm. The percentage of re-epithelialization was quantified (i) in WT
and Alkbh5™~ mice at PWD8. Twelve wounds of six mice were included in the analysis. The relative percentages of re-epithelialized wound area are
shown as the mean + SD. Mann-Whitney test, two-sided ****P <0.0001. Scale bar: 1 mm. Dotted lines denote epidermal boundaries
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Consistently, this finding was further confirmed by pre-
vious transcriptomic analysis (GSE159939) [29], which
highlighted the elevated mRNA expression of ALKBH5
and FTO in the epidermis of the wound edge (Fig. le).
Immunofluorescence staining showed that ALKBHS5 is
expressed at a relatively low level in normal skin, includ-
ing the epidermis, skin appendages, and some dermal
cells (Additional file 9: Fig. S2). Importantly, an increased
percentage of ALKBH5T keratinocytes (identified by
Keratin 14 staining) was observed in the epidermis at
the wound edge (Fig. 1f, g). Additionally, ALKBH5" cells
also showed significant accumulation in the dermis at
the wound edge (Additional file 9: Fig. S2), suggesting
that ALKBHS5 is also involved in dermal reconstruction
during wound healing. FTO, another m°A demethylase,
also showed similar upregulation as ALKBH5 in both
keratinocytes and fibroblasts at the wound edge when
compared to normal skin (Additional file 10: Fig. S3).
However, ALKBH5 was more upregulated than FTO
at the wound edge. In addition, the expression of
m°A  methylase METTL3 and METTLI14 remained
unchanged in both keratinocytes and fibroblasts at the
wound edge when compared to normal skin (Additional
file 10: Fig. S3). Collectively, these data suggest that ele-
vated ALKBHS5 expression is primarily responsible for
decreased m°A modification of RNA in keratinocytes at
the wound edge.

Interestingly, in a cohort of clinical wounds (patient
information is listed in Additional file 1. Table S1), the
percentage of ALKBH5"' keratinocytes was increased
only in the epidermis of healed wounds compared to
that of refractory wounds and normal skin (Fig. 1h—j).
Since keratinocytes in the wound edge are responsi-
ble for the reconstruction of the epidermal barrier, our
results suggest that ALKBH5 expression may be rel-
evant to the function of keratinocytes during wound
re-epithelialization.

Although our results showed a similar upregulation
of FTO in the wound edge epidermis as ALKBH5, we
did not observe a significant change in FTO expres-
sion at both the mRNA and protein levels in HaCaT

(See figure on next page.)
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upon ALKBH5 knockdown (Additional file 11: Fig.
S4a-c). Consistently, the FTO expression in the skin
of Alkbh5”~ mice remained unchanged when com-
pared to that of WT mice (Additional file 11: Fig.
S4d-f). These results suggest that ALKBHS5 could not
regulate the expression of FTO and there is negligi-
ble compensatory expression of FTO upon ALKBH5
knockdown.

ALKBH?5 inhibition decreases the migration

of keratinocytes

To determine the biological functions of ALKBH5
in keratinocytes, we first silenced the expression of
ALKBHS5 in the human keratinocyte HaCaT cell line
using two individual small interfering RNAs (siRNAs)
(Fig. 2a and b). Accordingly, we found that the global m°A
level was increased after ALKBH5 knockdown (Fig. 2c).
The reduced cell migratory velocity after ALKBHS5 silenc-
ing was confirmed by using Transwell assay (Fig. 2d and
e), dynamic cell tracking imaging (Fig. 2f-h) and wound
scratching assay (Fig. 2i and j). However, the proliferative
ability of HaCaT cells remained unaltered upon the dep-
rivation of ALKBH5, as demonstrated by CCK-8 (Addi-
tional file 12: Fig. S5a), Ed-U (Additional file 12: Fig. S5b
and S5c¢), and flow cytometry analysis (Additional file 12:
Fig. S5d and S5e). In addition, the depletion of ALKBH5
did not result in a significant change in the apoptosis rate
in keratinocytes (Additional file 12: Fig. S5f and S5g).
These results demonstrated that ALKBH5 specifically
modulates cellular migration rather than the proliferation
and apoptosis of keratinocytes in vitro.

Ablation of ALKBH5 inhibits wound re-epithelialization

in mice

Based on the regulatory role of ALKBH5 in the cellu-
lar function of keratinocytes in vitro, we next investi-
gated the role of ALKBH5 in wound re-epithelialization
in vivo using an Alkbh5-knockout (Alkbh5™") mouse
model (Fig. 3a). The Alkbh5™'~ mice were similar to their
WT littermates in terms of gross skin appearance and
hair growth. Skin histology showed no difference in the

Fig. 4 Characterization of m®A-modified genes that are regulated by ALKBH5 in human epidermis samples and keratinocyte cell lines. a Flowchart
of m8A modification downstream analysis. MeRIP-seq identified 3710 genes shared by human epidermis samples and keratinocyte cell lines, with
specific m°A peaks in the 3'UTR. RNA-seq identified 306 downregulated genes after ALKBH5 knockdown; the cutoffs used to define downregulated
genes were |FC|<0.5 and P<0.05. FC fold change. Finally, 16 candidate genes with both m°A peaks and differential expression were identified as
potential downstream targets of ALKBH5. b GO enrichment map of 3710 genes. ¢ The regulatory network of PELI2 and 15 other candidate genes
generated by IPA. Please note that C3orf33, PGBD2, ZNF20, ZNF573, ZNF577, and ZNF785 are not shown as they have no pathway connections

with PELI2. d The expression of 16 candidate genes after ALKBH5 knockdown was measured using gRT-PCR. The experiments were performed

in triplicate, and the relative mRNA expression is shown as the mean + SD. One-way ANOVA, *P < 0.05; **P<0.01. e IGV tracks displaying the
MeRIP-seq read coverage of PELI2 in human epidermis and HaCaT. f m®A-RIP-qPCR assays confirmed the m®A modification of PELI2 transcripts. The
experiments were performed in triplicate. The relative mRNA expression in the anti-m°A antibody group was compared to that in the IgG group,

and it is shown as the mean + SD. One-way ANOVA, **P<0.01
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thickness of the epidermis after ALKBH5 deletion; how-
ever, a degenerated and thinned intradermal adipose tis-
sue layer as well as compensatory thicker dermis were
observed (Additional file 13: Fig. S6). Immunoblotting
and IF staining confirmed the loss of ALKBHS5 expression
throughout the skin layers of Alkbh5™'~ mice (Fig. 3b and
o).

Full-thickness skin wounds were generated on the
backs of mice to induce the proliferation and migra-
tion of quiescent keratinocytes. The increase in global
m°®A modification and diminished ALKBH5 expres-
sion in the skin of the wound edge of Alkbh5™~ mice
were confirmed by DB (Fig. 3d) and IF staining (Fig. 3e),
respectively. During the healing process, Alkbh5™'~ mice
exhibited a significant delay in wound closure compared
to WT mice (Fig. 3f and g). Histological analysis further
revealed a decreased re-epithelialization rate with an
enlarged epithelial gap in AlkbhS™~ mice (Fig. 3h and i).
Consistently, we did not observe a significant change in
Ki67 expression in the epidermis at the wound edge of
Alkbh5™~ mice, which further indicates that Alkbh5 spe-
cifically regulates the migration of keratinocytes (Addi-
tional file 14: Fig. S7). Together, our results suggest that
m®A modification mediated by ALKBH5 plays a vital role
in wound re-epithelialization in vivo.

Genome-wide MeRIP-seq and RNA-seq identified PELI2

as the downstream target of ALKBH5

To understand the regulatory role of m°A modifica-
tions in keratinocytes, we mapped the m°A sites in nor-
mal human epidermal tissue and keratinocyte cell lines
by methylated RNA immunoprecipitation sequencing
(MeRIP-seq) (Fig. 4a). MeRIP-seq identified ~20,000
m®A peaks in each sample (Additional file 15: Table S8).
These m°A peaks were mostly enriched in the 3'UTRs,
especially near stop codons (Additional file 16: Fig. S8a
and S8b). The typical motifs of these m®A modifications
were characterized by the canonical RRACH (R=G
or A; H=A, C or U) sequence as reported by previous
studies (Additional file 16: Fig. S8c) [30]. We then iden-
tified 3710 genes shared in all tested samples and with

(See figure on next page.)
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m®A peaks in the 3'UTRs of the corresponding mRNAs
(Additional file 16: Fig. S8d and S8e). Interestingly, the
gene ontology analysis revealed a close association of
these m®A-modified genes with the regulation of epider-
mal development and homeostasis, as these genes were
enriched in pathways including regulation of keratino-
cyte differentiation, cell morphogenesis, Notch signal-
ing pathway, Wnt signaling pathway, and wound healing
(Fig. 4b; Additional file 17: Fig. S9).

As the knockdown of demethylase ALKBH5 would
increase the m®A modification and facilitate the interac-
tion with YT521-B homology domain-containing Family
(YTHDF) proteins, which are major m®A reader proteins
and responsible for RNA degradation [31]. As a result,
we mainly focused on the down-regulated genes upon
ALKBHS5 knockdown. By combining RNA-seq and pre-
viously characterized m°®A-modified genes, we identified
16 candidate genes whose expression may be associated
with the level of ALKBH5-regulated m®A modifica-
tion (Fig. 4a). Functional enrichment revealed that these
genes may play a role in the regulation of epithelium
development, cellular functions in terms of epithelial cell
differentiation, cell division, cell migration, cytoskeleton
organization, and signaling pathways including Wnt sign-
aling (Additional file 18: Fig. S10). Subsequent ingenuity
pathway analysis (IPA) of the 16 genes revealed that Pel-
lino E3 ubiquitin protein ligase family member 2 (PELI2)
is located in the core of the candidate gene matrix
(Fig. 4c). Furthermore, IPA revealed that PELI2 can
modulate the migration of keratinocytes through multi-
ple pathways (Additional file 19: Fig. S11), suggesting that
PELI2 may be a downstream effector of ALKBH5-medi-
ated regulation of cellular migration.

A quantitative RT-PCR assay further confirmed
that PELI2 was decreased after ALKBH5 knockdown
(P<0.05) (Fig. 4d). MeRIP-seq showed that PELI2 had
a m®A peak in the last (6th) exon (Fig. 4e). Consistently,
MeRIP-qPCR further validated that PELI2 was modified
with an abundant m®A signal (Fig. 4f). Taken together,
these findings indicate that PELI2, as a m®A-modified
gene, is potentially regulated by ALKBH5.

Fig. 5 ALKBH5 expression is positively correlated with PELI2 expression levels. a IGV tracks of PELI2 expression according to the RNA-seq analysis of
ALKBHS5-knockdown or control HaCaT cells. The experiments were performed in duplicate. b PELI2 protein expression was measured in HaCaT cells
after ALKBHS5 knockdown by WB. The full-length blots are presented in Additional file 8: Fig. S1. ¢ PELI2 expression in the skin at the wound edge

of WT and Alkbh5™~ mice was visualized by IF staining at PWDS8. Dotted lines denote epidermal boundaries. Scale bar: 100 um. d qRT-PCR showed
the mMRNA expression of PELI2 in primary keratinocytes derived from WT and Alkbh5™~ mice. The experiments were performed in triplicate, and

the relative mRNA expression is shown as the mean + SD. t test, two-sided **P<0.01. e The expression and colocalization of PELI2 and ALKBH5 in
the epidermis at the wound edge of WT mice were visualized using IF staining at PWD6. Scale bar: 100 um. f IGV tracks displaying the MeRIP-seq
read coverage of PELI2 after ALKBH5 knockdown. The experiments were performed in duplicate. g Increased m®A modification in PELI2 transcripts
after ALKBHS5 knockdown in HACAT cells, as assessed by gene-specific meA-RIP-gPCR assays. The experiments were performed in triplicate, and

the relative expression of mRNA in each group was compared to the input and is shown as the mean + SD. One-way ANOVA, ns not significant,

*P<0.05,****P<0.0001
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ALKBHS5 regulates the m8A methylation and expression

of PELI2

To further elucidate the role of ALKBH5 in regulat-
ing PELI2 expression, we found a significant down-
regulation of PELI2 expression in ALKBH5-deficient
cells, as demonstrated by RNA-seq (Fig. 5a) and west-
ern blotting (Fig. 5b). IF showed that PELI2 was not
expressed in both the keratinocytes and dermal fibro-
blasts of normal skin, but was specifically upregu-
lated in suprabasal keratinocytes at the wound edge of
WT mice (Additional file 20: Fig. S12). Consistently,
decreased PELI2 protein expression was observed in
keratinocytes at the wound edge in AlkbhS™~ mice
compared to wild-type littermates (Fig. 5c). The pri-
mary keratinocytes derived from Alkbh5~”~ mice also
showed markedly reduced PELI2 expression (Fig. 5d;
Additional file 21: Fig. S13). Moreover, colocaliza-
tion of PELI2 and ALKBHS5 could be observed in the
epidermis at the wound edge (Fig. 5e). These data
support that ALKBH5 positively regulates PELI2
expression, both in vitro and in vivo.

We next investigated whether ALKBH5-mediated
PELI2 regulation is associated with m®A modification.
As expected, enrichment of the m®A modification of
PELI2 was observed after depleting ALKBHS5 in keratino-
cytes, as revealed by MeRIP-seq (Fig. 5f) and MeRIP-
qPCR (Fig. 5g). Collectively, this evidence indicated
that ALKBH5 regulates PELI2 expression with a salient
change in the m°A level.

Exogenous expression of PELI2 rescues delayed wound
re-epithelialization after ALKBH5 depletion

Since PELI2 is modulated by ALKBHS5, we then explored
whether exogenous overexpression of PELI2 could rescue
the inhibitory phenotype in ALKBH5-deficient cells. The
restored exogenous PELI2 expression was demonstrated
by qRT-PCR (Fig. 6a) and western blotting (labeled
by Flag tag, Fig. 6b). Importantly, ALKBH5 expres-
sion remained unaltered after reintroducing PELI2,

(See figure on next page.)
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underscoring that PELI2 is the downstream target of
ALKBHS5 (Fig. 6¢).

Notably, exogenous supplementation with PELI2
largely attenuated the inhibitory efficacy upon the
depletion of ALKBHS5, as demonstrated by Transwell
(Fig. 6d and e) and wound scratch assays (Fig. 6f and g).
To further characterize the gain-of-function of PELI2
in vivo, we overexpressed PELI2 using a lentiviral trans-
fection vector (Lv-PELI2) in AlkbhS™'~ mice following
previous lentiviral transfection strategy [32] (Fig. 7a).
As expected, PELI2 was successfully overexpressed at
the mRNA (Fig. 7b) and protein (Fig. 7c) levels in the
epidermis of the wound edge of Alkbh5™'~ mice. Impor-
tantly, the restoration of PELI2 expression by lentiviral
transfection significantly promoted the wound closure
rate (Fig. 7d and e) and re-epithelialization capacity
(Fig. 7f and g). Taken together, our data demonstrated
that PELI2 functions as a necessary downstream effec-
tor of ALKBHS5 in the regulation of cell migration and
wound re-epithelialization.

ALKBH?5 stabilizes PELI2 mRNA in a YTHDF2-dependent
manner
Since YTHDF family members are the major com-
ponent recognizing m®A-modified transcripts [6],
we then attempted to identify the reader protein of
methylated PELI2 mRNA. First, through RNA immu-
noprecipitation, we found that PELI2 presented with
an abundant interacting frequency with YTHDEF2;
however, very limited signals were captured in the
anti-YTHDF1/YTHDE3 groups (Fig. 8a). These data
are in perfect alignment with the previous observa-
tion that YTHDF2 accelerates mRNA degradation of
mPA-modified transcripts, which explains the mecha-
nism underlying the inhibitory function of m°A in the
regulation of PELI2 expression.

Subsequently, we analyzed the MeRIP-seq data and
identified two RRACH motifs as potential m®A modifica-
tion site in the last exon of PELI2 mRNA. Furthermore,

Fig. 6 Exogenous PELI2 overexpression rescues the effects of ALKBH5 knockdown on keratinocyte migration. a, b gRT-PCR showing the mRNA
expression of PELI2 (a) and ALKBH5 (b) in HaCaT cells treated with ALKBHS or NC siRNAs and transfected with PELI2 or NC plasmids for 48 h. The
experiments were performed in triplicate, and the relative expression of MRNA is shown as the mean = SD. One-way ANOVA, ns not significant,
*P<0.05, ****P<0.0001. The full-length blots are presented in Additional file 8: Fig. S1. ¢ The protein expression of ALKBH5 and PELI2 was
determined by WB. d Transwell assays showed the effect of exogenous PELI2 overexpression on the migration of ALKBH5-knockdown or control

HaCaT cells. Scale bar: 25 um. e Statistical analysis of the Transwell assay results. All of the experiments were performed in triplicate, and five random
fields were included in the analysis. The percent area of migrated cells is shown as the mean + SD. One-way ANOVA, ***P < 0.001. Scale bar: 25 um. f
The effect of exogenous PELI2 overexpression on the migration of ALKBH5-knockdown or control HaCaT cells was evaluated by wound scratching
assay. Scale bar: 100 um. g Statistical analysis of wound scratching assays. All of the experiments were performed in triplicate, and three random
fields at each time point were included in the analysis. Mann-Whitney test (at 24 h), no significant difference was found between groups of
ALKBHS-si1 + p-PELI2 vs. ALKBH5-si1 + p-NC and ALKBH5-si2 4+ p-PELI2 vs. ALKBH5-si2 + p-NC. One-way ANOVA (at 48 h, 72 h), ***P <0.001
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to investigate the predominant m°A sites of PELI2, we
designed biotin-labeled single-stranded RNA probes
containing each (c.1080-m°A, probe 1 and c.1110-m°A,
probe 2) or both m°A sites (probe 3) (Fig. 8b, Additional
file 6: Table S6). Importantly, YTHDF2 specifically inter-
acts with PELI2 probes containing the c.1110-m°A-
methylated site (probe 2 and probe 3), while other groups
only showed negligible signals (Fig. 8c). This RNA pull-
down assay indicated that c.1110-m°®A methylation was
recognized by YTHDEF2, which agrees with the frequent
binding between PELI2 mRNA and YTHDF2. Consist-
ently, the silencing of YTHDF2 promoted PELI2 expres-
sion and rescued the ALKBH5-mediated downregulation
of PELI2 expression at both the mRNA (Fig. 8d) and pro-
tein (Fig. 8e) levels, suggesting that YTHDEF?2 is the reader
protein of methylated PELI2 mRNA.

Since YTHDEF2 is responsible for RNA degradation
[7], we then investigated whether the stability of PELI2
mRNA was regulated by YTHDEF2. Intriguingly, knock-
down of ALKBHS5 resulted in the enhanced RNA stabil-
ity of PELI2; however, this observation was attenuated by
subsequent depletion of YTHDEF2 (Fig. 8f). Together, our
results provide new insight into the role of YTHDF2 in
maintaining the stability of PELI2 mRNA by binding to
its m®A modification site.

Discussion

Despite the increased understanding of the role played by
m®A modifications in controlling skin biology and disease
pathogenesis [12, 14, 33], how m®A modification affects
cutaneous wound re-epithelialization remains to be fully
addressed. In the present study, we observed the specific
upregulation of ALKBH5 expression in the epidermis
at the wound edge, suggesting its unique role as a m°A
regulator that is involved in the activation of skin repair.

(See figure on next page.)
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In vitro and in vivo studies showed that ALKBH5 facili-
tates keratinocyte migration as well as wound re-epi-
thelialization. Moreover, the regulatory role of ALKBH5
in keratinocyte migration is mediated by removing the
m®A modification from PELI2 mRNA and the subse-
quent enhancement of its stability in a YTHDF2-depend-
ent manner. Taken together, these results highlight the
important role of the m°A demethylase ALKBHS5 in regu-
lating keratinocyte function and wound re-epithelializa-
tion (Fig. 8g).

To our knowledge, we are the first to perform com-
prehensive m®A-MeRIP-seq in human epidermis and
keratinocytes, which benefits a genome-wide under-
standing of m®A biology in the human epidermal barrier.
These results showed an extensive involvement of m®A
modifications in regulating keratinocyte differentiation,
epidermal development, and wound healing processes.
This evidence is also consistent with previous studies on
mice, in which the highly m®A-modified genes in epi-
dermal progenitors were found to be enriched in signal-
ing pathways that regulate skin morphogenesis and hair
follicle and epidermis renewal, such as the WNT, SHH,
and NOTCH signaling pathways [14]. Defective hair fol-
licle morphogenesis and maturation were observed in
transgenic mice with conditional depletion of METTL3
from K14-expressing keratinocytes, providing an exam-
ple of epidermal and skin appendage development that
is controlled by m°A modification [14]. In this study,
we demonstrated that the global m°A modification was
decreased in the wound edge skin using dot-blotting.
After mapping of the expression of m°A “writers and
erasers” at the wound edge, we further proposed that this
decreased m°A level may be attributed to the upregula-
tion of m°A demethylase ALKBH5 and FTO in both
keratinocytes and fibroblasts at the wound edge. Our

Fig. 7 Exogenous PELI2 overexpression rescues the effect of ALKBH5 knockdown on re-epithelialization and wound healing in vivo. a Schematic
ideogram showing the intradermal injection of Lv-PELI2 and Lv-NC (1 x 10" TU/ml, 1% Lipo3000) into the skin at the wound edge of WT and
Alkbh5™~ mice at d0 and d1 after wound establishment. All the mice were sacrificed at PWD8. b The restoration of PELI2 mRNA expression in the
skin of the wound edge of Alkbh5~~ mice was confirmed by gRT-PCR. Five wounds from five mice were included in the analysis. The relative gene
expression levels are shown as the mean + SD. One-way ANOVA, *P < 0.05, **P<0.01. ¢ IF confirmed the restoration of PELI2 expression in the
epidermis of the wound edge of Alkbh5™~ mice after Lv-PELI2 transfection. Dotted lines denote epidermal boundaries. Epi epidermis. Scale bar:

25 um. d, e Representative images of cutaneous wounds (d) of WT mice transfected with Lv-NC and Alkbh5~~ mice transfected with Lv-PELI2 or
Lv-NC on PWDO, PWD2, PWD4, PWD6, and PWD8. Scale bar: 2 mm. The black dashed circle delineates the original wound of 5 mm width. The rate
of wound closure (e) was quantified by using ImageJ software and is expressed as the percentage of the nonhealing wound area. Ten wounds

of five mice were included in the analysis. The relative percentages of wound closure are shown as the mean + SD. One-way ANOVA (at 2 days,

4 days, 6 days), ***P <0.001. Mann-Whitney test (at 8 days), two-sided *P <0.05 (KO + Lv-PELI2 vs. KO + Lv-NQ). f, g Histological analysis (f) of wound
re-epithelialization in WT mice transfected with Lv-NC and Alkbh5™~ mice transfected with Lv-PELI2 or Lv-NC at eight days after wounding. The line
with arrowheads indicates the 5 mm width of the original wound gap. The line with blunt ends delineates the epithelial gap, indicating the width of
the nonepithelialized wound area. Quantification of the percentage of re-epithelialization (g). Ten wounds of five mice were included in the analysis.
The relative percentages of re-epithelialized wounds are shown as the mean + SD. Mann-Whitney test, two-sided **P<0.01, ****P <0.0001. Dotted
lines denote epidermal boundaries. Scale bar: 200 um
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findings provide a direct evidence on the participation
of m®A modification in regulating cutaneous wound
healing.

Notably, our data provide the first evidence that the
m°A demethylase ALKBH5 can promote the migra-
tion of keratinocytes. To date, the regulatory role of
ALKBHS5 in cell migration has been extensively inves-
tigated in different cell types, but these studies yielded
inconsistent results. Some studies reported that
ALKBHS5 positively regulates the migration of troph-
oblast, uveal melanoma, and glioblastoma cell lines
[34-36], while others observed opposite regulatory
results in bladder cancer cells [37], cardiac microvas-
cular endothelial cells [38], and colorectal cancer cells
[39]. The exact reasons for these contradictory results
are unclear; however, they may suggest a tissue- or
cell-type-specific regulatory effects of ALKBHS5,
following a context-dependent manner. Here, we
introduced a novel regulatory mechanism by which
ALKBH5 modulates migration and re-epithelializa-
tion by removing m®A modifications in keratinocytes
at the wound edge. Interestingly, ALKBH5 is also
hyper-expressed in the dermis during wound healing,
indicating that ALKBH5 may also play an important
role in the dermal reconstruction (e.g., fibroblast acti-
vation). However, the underlying mechanism awaits
successive studies.

FTO is another m°A demethylase with a similar func-
tion to ALKBHS5 that is also upregulated in the wound
edge epidermis. However, our results further showed
that ALKBHS5 could not regulate the expression of FTO
and there is negligible compensatory expression of FTO
upon ALKBHS5 knockdown. As a result, we proposed that
the upregulation of FTO in the wound edge epidermis is
primary rather than secondary to ALKBHS5 upregulation.
Nevertheless, the regulatory role of FTO activation in the
wound edge remain to be determined by future studies.

Notably, PELI2 is an E3-RING ubiquitin ligase that
can catalyze the covalent attachment of ubiquitin moie-
ties to substrate proteins [40]. The positive correlation of

(See figure on next page.)
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ALKBHS5 and PELI2 expression has already been previ-
ously reported in endometrial cancer cells [41]. Here, we
further identified a m®A-associated machinery through
which ALKBH5 maintained PELI2 mRNA stability in a
YTHDEF2-dependent manner. In addition, our data high-
lighted that PELI2 accelerates keratinocyte migration and
facilitate re-epithelialization during skin repair. Interest-
ingly, keratinocytes expressing high levels of PELI2 colo-
calized with actively migrating keratinocytes according to
the “leapfrog” model of re-epithelialization, which sug-
gests that re-epithelialization is accomplished by supra-
basal keratinocytes at the wound edge as they undergo
morphological changes, reduce their desmosomal anchor
levels, and tumble over basal keratinocytes [1, 42]. The
highly specified localization of PELI2 in suprabasal
keratinocytes at the wound edge also suggests a selec-
tive regulation of the behaviors of suprabasal keratino-
cytes. Although we have addressed that PELI2 plays an
important role in keratinocyte activation during wound
healing, the biological functions of PELI2 and its sub-
strate in keratinocytes remains unknown. Previous stud-
ies and IPA analysis suggested roles for several potential
mediators, including inflammatory cytokines (CXCL2,
CXCL8, IL-6, and IL-1), ERK, TNF, and JNK signaling
[43—48]. The detailed mechanism by which PELI2 regu-
lates keratinocyte function in the context of skin repair
warrants future investigation.

Conclusion

In summary, this study revealed a novel mechanism
underlying wound re-epithelialization by which the m®A
eraser ALKBHS5 is specifically activated at the wound
edge and facilitates keratinocyte migration by removing
the m°A sites from PELI2 mRNA and protecting it from
YTHDF2-mediated degradation. This study extends our
understanding of wound re-epithelialization from the
perspective of RNA epitranscriptomic regulation. Impor-
tantly, ALKBH5 and PELI2 could be potential therapeu-
tic targets in the development of a reprogrammed m°A
targeted therapy for patients with refractory wounds.

Fig. 8 YTHDF2 binds to the m®A modification and stabilizes PELI2 mRNA. a RIP-qPCR analysis revealed the enrichment of YTHDF1, YTHDF2, and
YTHDEF3 in the PELI2 transcript. The experiments were performed in quadruplicate, and the relative mRNA expression was compared to the input
and is shown as the mean + SD. One-way ANOVA, ****P < 0.0001. b Diagram showing the RNA probes used for RNA pull-down assays. ¢ RNA pull-
down of the endogenous YTHDF2 protein from cell extracts using PELI2 RNA probes with or without m®A modifications. Images are representative
of three independent experiments. The full-length blots are presented in Additional file 8: Fig. S1. d, e PELI2 expression in ALKBH5- and
YTHDF2-knockdown or control HaCaT cells was assessed by gRT-PCR (d) and WB (e). The experiments were performed in triplicate. The relative
mRNA expression level of PELI2 was quantified and is shown as the mean + SD. One-way ANOVA, *P<0.05, **P < 0.01. The full-length blots are
presented in Additional file 8: Fig. S1. f ALKBH5- and YTHDF2-knockdown or control HaCaT cells were treated with actinomycin D (5 pg/mL) for 0, 2,
4,6,and 8 h. The mRNA expression of PELI2 was analyzed by gRT-PCR. The experiments were performed in triplicate. g Schematic diagram showing
how the reduction in m°A methylation mediated by the upregulation of the m°A eraser protein ALKBH5 facilitates wound re-epithelialization by

enhancing PELI2 mRNA stability in a YTHDF2-dependent manner
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Abbreviations

meA NS-Methyladenosine RNA modification

ALKBH5  a-Ketoglutarate-dependent dioxygenase alkB homolog 5
PELI2 Pellino E3 ubiquitin protein ligase family member 2
YTHDF2  YTH Af-methyladenosine RNA binding protein 2
METTL3  Methyltransferase-like 3

METTL14  Methyltransferase-like 14

WTAP Wilms tumor 1-associated protein

FTO Fat—mass and obesity-associated protein

HNRNP Heterogeneous nuclear ribonucleoprotein

IGF2BP Insulin-like growth factor 2 mRNA-binding proteins
MeRIP-seq Methylated RNA immunoprecipitation sequencing

WB Western blotting
DB Dot-blotting
IF Immunofluorescence

SIRNAs Small interfering RNAs
sSRNA Single-stranded RNA

KO Knockout
WT Wild type
IPA Ingenuity pathway analysis

gRT-PCR  Quantitative real-time polymerase chain reaction
mRNA Messenger RNA

Lv Lentiviral

K14 Keratin 14

RIP RNA immunoprecipitation

PWD Post wound day

HaCaT Human immortal keratinocyte line
STR Short tandem repeat

RRACH R=GorA;H=A CorU
A, C, G, U Stands for adenine, cytosine, guanine and uracil respectively
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Additional file 1: Table S1. Clinical information of patients with chronic
wounds.

Additional file 2: Table S2. Oligonucleotides used for siRNA expression
vector.

Additional file 3: Table S3. Primers used for PELI2 overexpression
plasmid.

Additional file 4: Table S4. Antibodies used in experiments.
Additional file 5: Table S5. Primers used in experiments.
Additional file 6: Table S6. ssRNA probes used for RNA pull-down assay.

Additional file 7: Table S7. Donor’s information of human epidermis
tissue.

Additional file 8: Fig. S1. Uncropped original western blots.

Additional file 9: Fig. S2. The expression of ALKBH5 in the epidermis and
dermis of normal skin and wound edge. Dotted lines denote epidermal
boundaries. Epi, epidermis. Scale bar: 100 pm.

Additional file 10: Fig. S3. The expression of METTL3, METTL14, FTO, and
ALKBHS5 in keratinocytes and fibroblasts at the normal skin and wound

100 pym.

Additional file 11: Fig. S4. The expression of FTO upon ALKBH5 deple-
tion in vitro and in vivo. a. The expression of FTO mRNA was measured

in HaCaT cells after ALKBH5 knockdown using RNA-seq and gRT-PCR.
RNA-seq was performed in duplicate and was deposited in the GEO
database. gRT-PCR was performed in triplicate, and the relative mRNA
expression is shown as mean = SD. One-way ANOVA, ns, not significant. b.
The expression of FTO protein was measured in HaCaT cells after ALKBH5
knockdown using WB. The full-length blots are presented in Additional
file 8: Fig. S1. c. Statistical analysis of WB. Experiments were performed in
triplicate. The relative expression of FTO is shown as mean + SD. One-way

edge. Dotted lines denote epidermal boundaries. Epi, epidermis. Scale bar:

ANOVA, ns, not significant. d. The expression of FTO mRNA was measured
in the skin of Alkbh5™~ and WT mice using gRT-PCR. Three animals in
each group were included for analysis. Relative mRNA expression is shown
as mean +SD. T test, not significant. e. The expression of FTO protein was
measured in the skin of Alkbh5™~ and WT mice using WB. The full-length
blots are presented in Additional file 8: Fig. S1. f. Statistical analysis of

WB. Three animals in each group were included for analysis. The relative
expression of FTO is shown as mean +SD. T test, not significant.

Additional file 12: Fig. S5. Inhibition of ALKBH5 showed no effects

on keratinocyte proliferation and apoptosis in vitro. a. Proliferation of
ALKBH5-knockdown or control HaCaT cells after siRNA transfection was
analyzed by CCK-8 assay. The experiments were performed in triplicate.
One-way ANOVA, ns, not significant. b, c. Proliferation of ALKBH5—knock-
down or control HaCaT cells was analyzed by Ed-U staining assay. All of
the experiments were performed in triplicate, and five random fields were
included in the analysis. One-way ANOVA, ns, not significant. Scale bar:
100 um. d, e. Cell cycle of ALKBH5-knockdown or control HaCaT cells was
analyzed by flow cytometry. All of the experiments were performed in
triplicate. One—way ANOVA revealed no significant difference. f, g. Apop-
tosis of ALKBH5-knockdown or control HaCaT cells was analyzed by flow
cytometry. All of the experiments were performed in triplicate. One-way
ANOVA revealed no significant difference.

Additional file 13: Fig. S6. H&E staining of normal skin from WT and
Alkbh5”~ mice. Scale bar: 100 pum.

Additional file 14: Fig. S7. The proliferation of epidermal cells of WT and
Alkbh5~~ mice at PWD8. a. IF showed representative Ki67* cell distribu-
tion in the wound edge of WT and Alkbh5™~ mice at PWD8. Dotted lines
denote epidermal boundaries. Epi, epidermis. Scale bar: 100 um. b. Statisti-
cal analysis of the percentage of Ki67* proliferating keratinocytes per HPF.
Twelve wound samples were collected from six mice, and the percentage
of Ki67* cells is shown as the mean + SD. T test, ns, not significant.

Additional file 15: Table S8. The total m°A peaks identified by
MeRIP-seq.

Additional file 16: Fig. S8. Genome-wide mapping of m°A modification
in human epidermis and epidermal cell line. a. The distribution of m°A
sites along the length of MRNA transcripts. b. The stacked bar chart show-
ing the m®A peak distribution in different RNA regionsin human epidermis
and keratinocyte cell lines. c. Top enriched motifs within m°A peaks that
were identified in the human epidermis and keratinocyte cell lines. d.

The number of genes with m®A peaks in the 3'UTR of mRNA transcripts.
e.Venn diagram showing 3710 common genes with m°A peaks in the
3'UTRs from four different samples.

Additional file 17: Fig. S9. GO enrichment map showing the molecu-
lar functions of 3710 genes with m®A peaks in the 3'UTRs of mRNA
transcripts.

Additional file 18: Fig. S10. Gene ontology analysis and a Circus plot of
16 potential target genes of ALKBHS5. These genes were associated with
the regulation of epithelium development; cellular functions such as
epithelial cell differentiation, cell division, cell migration, and cytoskeleton
organization; and signaling pathways including Wnt signaling

Additional file 19: Fig. S11. The correlation of PELI2 with cell migration
as indicated by IPA analysis. a. The molecular regulatory network by which
PELI2 functions in cell migration as predicted by IPA. b. IPA predicted the
regulatory network by which PELI2 functions in the migration of keratino-
cytes or epidermal cells and the wound healing process.

Additional file 20: Fig. $12. The expression of PELI2 in keratinocytes
and fibroblasts at the normal skin and wound edge. Dotted lines denote
epidermal boundaries. Epi, epidermis. Scale bar: 100 pm.

Additional file 21: Fig. S13. The characterization of primary keratino-
cytes by IF staining of specific markers. IF showing the expression of the
keratinocyte marker keratin 14 and the fibroblast marker fibronectin 1in
primary keratinocytes and fibroblasts extracted from the skin of WT and
Alkbh5™"mice. A keratinocyte cell lineand fibroblast cell linewere used as
references. Scale bar: 50 um. KC, keratinocyte; Fb, fibroblast.



https://doi.org/10.1186/s41232-023-00288-0
https://doi.org/10.1186/s41232-023-00288-0

Huang et al. Inflammation and Regeneration (2023) 43:36

Acknowledgements

We thank Jiayin Biotechnology Ltd. (Shanghai, China) for the assistance with
MeRIP-seq and RNA-seq assay. We thank Ying Huang and all members of the
Core Facility of Basic Medical Sciences of Shanghai Jiao Tong University for
their technical support.

Authors’ contributions

X.H,YX.Z, and DM.L conceptualized research. Y.X.Z, QFL, and T.Z supervised
research and acquired funding. X.H, YX.Z, DML, S.CG, and YH.L performed
experiments and prepared samples. X.H, DM.L, S.Y.L, and ZW.Z collected
tissue samples and patient information. W.Z.X, and MW contributed reagents
and analytic tools; X.H and S.C.G performed visualization and figure design.
XH,YXZ, DML H.L, and MX.L participated in data interpretation and drafted
the manuscript. XH, Y.X.Z, YMK, QFL, and T.Z revised the manuscript. All the
authors reviewed and approved the final version of the manuscript.

Funding

This work was supported by grants from National Natural Science Foundation
of China (81620108019, 82072177, 82272264), Shanghai Municipal Key Clinical
Specialty (shslczdzk00901), “Two Hundred Talent” program, China Postdoc-
toral Science Foundation (2022M722132), and "Hengjie” Program of Shanghai
Health Youth Talent Reward Foundation.

Availability of data and materials

MeRIP-seq and RNA-seq data have been deposited in the NCBI Gene Expres-
sion Omnibus (GEO), under accession codes GSE 211442 and GSE 211076,
respectively. All other data supporting the key findings of this study are
available within the article and supplementary information files or from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Use of tissue samples from patients was approved by Human Research Ethics
Committee of Shanghai Jiao Tong University School of Medicine. All animal
experiment protocols were approved by the Committee of Animal Care and
Use for Research and Education (CACURE), Shanghai Jiao Tong University
School of Medicine.

Consent for publication

Written informed consent was obtained before sample collection in accord-
ance with the Declaration of Helsinki and with approval from the Human
Research Ethics Committee of Shanghai Jiao Tong University School of
Medicine.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Plastic and Reconstructive Surgery, Shanghai Ninth People’s
Hospital, Shanghai JiaoTong University School of Medicine, 639 Zhizaoju Road,
Shanghai 200011, People’s Republic of China. 2Department of Wound Repair,
the Second Affiliated Hospital of Hunan University of Traditional Chinese
Medicine, Hunan, China.

Received: 11 October 2022 Accepted: 20 June 2023
Published online: 14 July 2023

References

1. Rousselle P, Braye F, Dayan G. Re-epithelialization of adult skin wounds:
cellular mechanisms and therapeutic strategies. Adv Drug Deliv Rev.
2019;146:344-65.

2. Pastar|, Stojadinovic O, Yin NC, Ramirez H, Nusbaum AG, Sawaya A, et al.
Epithelialization in wound healing: a comprehensive review. Adv Wound
Care. 2014;3(7):445-64.

3. Yao Z Niu J, Cheng B. Prevalence of chronic skin wounds and their
risk factors in an inpatient hospital setting in Northern China. Adv Skin
Wound Care. 2020;33(9):1-10.

20.

21

22.

23.

24.

25.

26.

27.

Page 21 of 22

Gottrup F. A specialized wound-healing center concept: importance of a
multidisciplinary department structure and surgical treatment facilities in
the treatment of chronic wounds. Am J Surg. 2004;187(5a):385-43s.

Sen CK, Gordillo GM, Roy S, Kirsner R, Lambert L, Hunt TK, et al. Human
skin wounds: a major and snowballing threat to public health and the
economy. Wound Repair Regen. 2009;17(6):763-71.

Jiang X, Liu B, Nie Z, Duan L, Xiong Q, Jin Z, et al. The role of m6A modi-
fication in the biological functions and diseases. Signal Transduct Target
Ther. 2021,6(1):74.

Zaccara S, Ries RJ, Jaffrey SR. Reading, writing and erasing mRNA meth-
ylation. Nat Rev Mol Cell Biol. 2019;20(10):608-24.

Maity A, Das B. N6-methyladenosine modification in mRNA: machin-
ery, function and implications for health and diseases. FEBS J.
2016;283(9):1607-30.

Batista PJ, Molinie B, Wang J, Qu K, Zhang J, Li L, et al. m(6)A RNA modifi-
cation controls cell fate transition in mammalian embryonic stem cells.
Cell Stem Cell. 2014;15(6):707-19.

. Edens BM, Vissers C, Su J, Arumugam S, Xu Z, Shi H, et al. FMRP modulates

neural differentiation through m(6)A-dependent mRNA nuclear export.
Cell Rep. 2019;28(4):845-854.e845.

. DaiY,Cheng M, Zhang S, Ling R, Wen J, Cheng Y, et al. METTL3-mediated

m(6)A RNA modification regulates corneal injury repair. Stem Cells Int.
2021;2021:5512153.

. Lee J,WuY,Harada BT, LiY, Zhao J, He C, et al. N(6)-methyladenosine

modification of INcRNA Pvt1 governs epidermal stemness. EMBO J.
2021;40(8):2106276.

. Frye M, Harada BT, Behm M, He C. RNA modifications modulate

gene expression during development. Science (New York, NY).
2018;361(6409):1346-9.

. XiL, Carroll T, Matos |, Luo JD, Polak L, Pasolli HA, et al. m6A RNA

methylation impacts fate choices during skin morphogenesis. eLife.
2020;9:256980.

. Yang Z,Yang S, Cui YH, Wei J, Shah P, Park G, et al. METTL14 facilitates

global genome repair and suppresses skin tumorigenesis. Proc Natl Acad
Sci U S A.2021;118(35):2025948118.

. Shen L, YuY, Jiang M, Zhao J. Alteration of the m(6)A methylation landscape

in a mouse model of scleroderma. Epigenomics. 2021;13(23):1867-83.

. Wang YN, Jin HZ. Transcriptome-wide m(6)A methylation in skin

lesions from patients with psoriasis vulgaris. Front Cell Dev Biol.
2020;8:591629.

. Liu SY,Wu JJ, Chen ZH, Zou ML, Teng YY, Zhang KW, et al. The m(6)A RNA

modification modulates gene expression and fibrosis-related pathways in
hypertrophic scar. Front Cell Dev Biol. 2021;9:748703.

. Yang S, Wei J, Cui YH, Park G, Shah P, Deng Y, et al. m(6)A mRNA demethy-

lase FTO regulates melanoma tumorigenicity and response to anti-PD-1
blockade. Nat Commun. 2019;10(1):2782.

Feng ZY,Wang T, Su X, Guo S. Identification of the m(6)A RNA methyla-
tion regulators WTAP as a novel prognostic biomarker and genomic
alterations in cutaneous melanoma. Front Mol Biosci. 2021;8:665222.
Meng J, Huang X, Qiu Y, Yu M, Lu J, Yao J. Characterization of m6A-related
genes landscape in skin cutaneous melanoma to aid immunotherapy
and assess prognosis. Int J Gen Med. 2021;14:5345-61.

Correa-Gallegos D, Jiang D, Christ S, Ramesh P, Ye H, Wannemacher

J, et al. Patch repair of deep wounds by mobilized fascia. Nature.
2019;576(7786):287-92.

Huang X, Gu S, Liu C, Zhang L, Zhang Z, Zhao Y, et al. CD39(+) fibroblasts
enhance myofibroblast activation by promoting IL-11 secretion in hyper-
trophic scars. J Invest Dermatol. 2022;142(4):1065-1076.e1019.
Dominissini D, Moshitch-Moshkovitz S, Salmon-Divon M, Amariglio N,
Rechavi G. Transcriptome-wide mapping of N(6)-methyladenosine by
m(6)A-seq based on immunocapturing and massively parallel sequenc-
ing. Nat Protoc. 2013;8(1):176-89.

ZengY,Wang S, Gao S, Soares F, Ahmed M, Guo H, et al. Refined RIP-seq
protocol for epitranscriptome analysis with low input materials. PLoS Biol.
2018;16(9):62006092.

Thielicke W, Sonntag R. Particle Image Velocimetry for MATLAB: accuracy
and enhanced algorithms in PIVIab. J Open Res Softw. 2021;9(12). https://
doi.org/10.5334/jors.334.

Zhao Y, Huang X, Zhang Z, Zhang Y, Zhang G, Zan T, et al. USP15
enhances re-epithelialization through deubiquitinating EIF4A1 during
cutaneous wound repair. Front Cell Dev Biol. 2020;8:529.


https://doi.org/10.5334/jors.334
https://doi.org/10.5334/jors.334

Huang et al. Inflammation and Regeneration

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2023) 43:36

Gu S, Huang X, Xu X, Liu'Y, Khoong Y, Zhang Z, et al. Inhibition of CUB
and sushi multiple domains 1 (CSMD1) expression by miRNA-190a-3p
enhances hypertrophic scar-derived fibroblast migration in vitro. BMC
Genomics. 2021;22(1):613.

Harn HI, Wang SP, Lai YC, Van Handel B, Liang YC, Tsai S, et al. Symmetry
breaking of tissue mechanics in wound induced hair follicle regeneration
of laboratory and spiny mice. Nat Commun. 2021;12(1):2595.

Zhang S, Zhao BS, Zhou A, Lin K, Zheng S, Lu Z, et al. m(6)A demethylase
ALKBHS5 maintains tumorigenicity of glioblastoma stem-like cells by
sustaining FOXM1 expression and cell proliferation program. Cancer Cell.
2017;31(4):591-606.€596.

Zaccara S, Jaffrey SR. A unified model for the function of YTHDF proteins
in regulating m(6)A-modified mRNA. Cell. 2020;181(7):1582-1595.e1518.
Woodley DT, Keene DR, Atha T, Huang Y, Ram R, Kasahara N, et al. Intrader-
mal injection of lentiviral vectors corrects regenerated human dystrophic
epidermolysis bullosa skin tissue in vivo. Mol Ther. 2004;10(2):318-26.
Liang D, Lin WJ, Ren M, Qiu J, Yang C, Wang X, et al. m(6)A reader YTHDC1
modulates autophagy by targeting SQSTM1 in diabetic skin. Autophagy.
2022;18(6):1318-37.

Hao L, Yin J,Yang H, Li C, Zhu L, Liu L, et al. ALKBH5-mediated m(6)A dem-
ethylation of FOXM1 mRNA promotes progression of uveal melanoma.
Aging. 2021;13(3):4045-62.

Li XC, Jin F, Wang BY, Yin XJ, Hong W, Tian FJ. The m6A demethylase
ALKBHS controls trophoblast invasion at the maternal-fetal interface by
regulating the stability of CYR61 mRNA. Theranostics. 2019;9(13):3853-65.
Malacrida A, Rivara M, Di Domizio A, Cislaghi G, Miloso M, ZulianiV,

et al. 3D proteome-wide scale screening and activity evaluation of a

new ALKBHS5 inhibitor in U87 glioblastoma cell line. Bioorg Med Chem.
2020;28(4):115300.

Yu H, Yang X, Tang J, Si S, Zhou Z, Lu J, et al. ALKBH5 inhibited cell pro-
liferation and sensitized bladder cancer cells to cisplatin by m6A-CK2a-
mediated glycolysis. Mol Ther Nucleic Acids. 2021;23:27-41.

ZhaoY,Hu J, Sun X, Yang K, Yang L, Kong L, et al. Loss of m6A demethy-
lase ALKBH5 promotes post-ischemic angiogenesis via post-transcrip-
tional stabilization of WNT5A. Clin Transl Med. 2021;11(5):e402.

Wu X, Dai M, Li J, Cai J, Zuo Z,Ni S, et al. m(6)A demethylase ALKBH5
inhibits cell proliferation and the metastasis of colorectal can-

cer by regulating the FOXO3/miR-21/SPRY2 axis. Am J Transl Res.
2021;13(10):11209-22.

Humphries F, Bergin R, Jackson R, Delagic N, Wang B, Yang S, et al. The E3
ubiquitin ligase Pellino2 mediates priming of the NLRP3 inflammasome.
Nat Commun. 2018;9(1):1560.

Zhang L, Wan, Zhang Z, Jiang Y, Gu Z, Ma X, et al. IGF2BP1 overexpres-
sion stabilizes PEG10 mRNA in an m6A-dependent manner and pro-
motes endometrial cancer progression. Theranostics. 2021;11(3):1100-14.
Krawczyk WS. A pattern of epidermal cell migration during wound heal-
ing. J Cell Biol. 1971;49(2):247-63.

KimTW, Yu M, Zhou H, Cui W, Wang J, DiCorleto P, et al. Pellino 2 is critical
for Toll-like receptor/interleukin-1 receptor (TLR/IL-1R)-mediated post-
transcriptional control. J Biol Chem. 2012,287(30):25686-95.

Kroeze KL, Boink MA, Sampat-Sardjoepersad SC, Waaijman T, Scheper RJ,
Gibbs S. Autocrine regulation of re-epithelialization after wounding by
chemokine receptors CCR1, CCR10, CXCR1, CXCR2, and CXCR3. J Invest
Dermatol. 2012;132(1):216-25.

Zhang C, Jing LW, Li ZT, Chang ZW, Liu H, Zhang QM, et al. Identification
of a prognostic 28-gene expression signature for gastric cancer with
lymphatic metastasis. Biosci Rep. 2019;39(5):BSR20182179.

MaT, Hou J, Zhou Y, Chen'Y, Qiu J, Wu J, et al. Dibutyl phthalate promotes
juvenile Sertoli cell proliferation by decreasing the levels of the E3 ubiqui-
tin ligase Pellino 2. Environ Health. 2020;19(1):87.

Javelaud D, Laboureau J, Gabison E, Verrecchia F, Mauviel A. Disruption of
basal JNK activity differentially affects key fibroblast functions important
for wound healing. J Biol Chem. 2003;278(27):24624-8.

You H, Padmashali RM, Ranganathan A, Lei P, Girnius N, Davis RJ, et al. JNK
regulates compliance-induced adherens junctions formation in epithelial
cells and tissues. J Cell Sci. 2013;126(Pt 12):2718-29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 22 of 22

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	ALKBH5-mediated m6A demethylation fuels cutaneous wound re-epithelialization by enhancing PELI2 mRNA stability
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patient samples
	Cell lines and primary keratinocytes
	Mice and cutaneous wound healing model
	Generation of Alkbh5‒‒ mice
	Plasmid construction and RNA interference
	RNA-binding protein immunoprecipitation (RIP)-qPCR
	RNA pull‒down
	Dot-blotting (DB) assay
	MeRIP-seq
	RNA-seq and data analysis
	In vivo cell tracking
	Cell proliferation assay
	Cell apoptosis and cell cycle assay
	Transwell assay
	Wound healing assay
	Quantitative real-time PCR
	WB and IF
	Statistical analysis

	Results
	Decreased RNA m6A modification and increased ALKBH5 expression were observed in keratinocytes at wound edges>
	ALKBH5 inhibition decreases the migration of keratinocytes
	Ablation of ALKBH5 inhibits wound re-epithelialization in mice
	Genome-wide MeRIP-seq and RNA-seq identified PELI2 as the downstream target of ALKBH5
	ALKBH5 regulates the m6A methylation and expression of PELI2
	Exogenous expression of PELI2 rescues delayed wound re-epithelialization after ALKBH5 depletion
	ALKBH5 stabilizes PELI2 mRNA in a YTHDF2-dependent manner

	Discussion
	Conclusion
	Anchor 37
	Acknowledgements
	References


