EXPERIMENTAL AND THERAPEUTIC MEDICINE 26: 420, 2023

RNA N6-methyladenosine methyltransferase WTAP promotes
the differentiation of endothelial progenitor cells

LONGYUN WU, LILINIU'*, ZHOU YANG'*", QIAOYUN XIA!, JINGYUAN XU'® and XIAOLAN LU'”

1Department of Gastroenterology, Fudan University Pudong Medical Center, Shanghai 201399;
2Central Laboratory, First Affiliated Hospital of Dalian Medical University; 3Institute of
Integrative Medicine, Dalian Medical University, Dalian, Liaoning 116021; 4Department of

Cardiovascular Surgery, Fudan University Shanghai Cancer Center, Shanghai 200120; 5Departmer1t of
Gastroenterology, The Second Affiliated Hospital of Xi'an Jiaotong University, Xi'an, Shaanxi 710004, PR. China

Received February 5, 2023; Accepted June 23,2023

DOI: 10.3892/etm.2023.12119

Abstract. N6-methyladenosine (m®A) serves a critical role
in regulating gene expression and has been associated with
various diseases; however, its role in the differentiation of
endothelial progenitor cells (EPCs) remains unclear. The
present study used liquid chromatography with tandem mass
spectrometry and immunofluorescence assays to quantify
the levels of m°A in human peripheral blood-derived EPCs
(HPB-EPCs) before and after differentiation into mature cells.
The present study performed Cell Counting Kit 8, Transwell,
and tube formation assays to determine the effects of over-
expression and knockdown of Wilms' tumor 1-associated
protein (WTAP) on HPB-EPCs. The results revealed that the
level of m®A modification was significantly increased during
HPB-EPCs differentiation, and WTAP exhibited the most
significant alteration among the enzymes involved in m°A
regulation. When WTAP was overexpressed in HPB-EPCs,
cell proliferation, invasion, and the formation of tubes were
improved, whereas WTAP knockdown yielded the opposite
effects. In conclusion, the present study highlighted the
involvement of mSA in regulating EPC differentiation, with
WTAP acting as a promoter of EPC differentiation.

Introduction

Endothelial progenitor cells (EPCs) are the precursors of
vascular endothelial cells (1), which can be mobilized from
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the bone marrow to peripheral blood in response to physi-
ological or pathological conditions for endothelial repair and
neovascularization (2,3). EPC-induced vasculogenesis has
been considered to provide a novel therapeutic approach for
patients with heart and limb ischemia. Various approaches
have been explored to enhance EPC grafting, including local
EPC delivery, promotion of EPC mobilization, EPC function
enhancement, and in vitro EPC expansion (4). However, the
biology of EPCs is complex and understanding of the precise
mechanisms that regulate EPC differentiation is limited (5).

N6-methyladenosine (m°A) is the most common internal
modification in eukaryotic RNA (6,7). It can regulate multiple
physiological processes, including stem cell differentiation,
animal growth and development, Drosophila sex determi-
nation and DNA damage repair (8). The effectors of m°A
include ‘writers’ and ‘erasers’, which install and remove the
methyl group, respectively, and ‘readers’, which recognize
methylation (9-12). The core writer complex, consisting of
methyltransferase-like (METTL)3 and METTLI14, forms a
stable heterodimer complex that catalyzes mSA modifica-
tion (9). It has been established that Wilms' tumor 1-associated
protein (WTAP) binds to this heterodimer complex and
facilitates its nuclear localization, thus promoting the depo-
sition of m°A (13). Accordingly, the m°A levels are largely
dependent on this methyltransferase complex. Moreover, it is
now understood that WTAP is involved in several biological
functions, including embryo development, cell cycle progres-
sion, cell differentiation, pre-mRNA splicing, and antiviral
responses (14-16).

Notably, m°A has been studied in stem cell differentia-
tion. Previous studies have documented the effect of enzymes
associated with m°A regulation on stem cells. In this respect, it
has been reported that YTHDF?2 is essential for self-renewing
hematopoietic stem cells (17). Notably, Chen er al (18) revealed
that doxycycline-induced fusion of dCasl3a with the catalytic
domain of ALKBHS5 could demethylate mSA-enriched SOX2
and control the differentiation of human embryonic stem cells.
Moreover, elevated levels of m®A have been documented in
cancer stem cells (CSCs) (19,20). Although it has been estab-
lished that m®A can promote the expression of oncogenes in
CSCs (19), it can also promote the tumor phenotype of CSCs
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and metastasis (21). While previous studies have primarily
focused on m°A in the context of CSCs, investigations into m°A
in EPCs have been relatively scarce (22). The present study
focused on the m°A ‘writer” WTAP in EPC differentiation.
The study aimed to investigate the dynamics of m°A levels
during the differentiation process of HPB-EPCs and identify
the key enzyme involved in regulating m°A that impacted this
process. These findings may illuminate an effective mecha-
nism for promoting vascular repair through m°A.

Materials and methods

Isolation of HPB-EPCs, overexpression, and knockdown of
WTAP. The present study was approved by the Medical Ethics
Committee of Fudan University Pudong Medical Center
(Shanghai, China; approval no. 2020-SZR-04) and written
informed consent was obtained from the participants. Venous
blood samples (15 ml) from three healthy male donors aged
25-28 years were aseptically collected in the blood collec-
tion room at the hospital's experimental center by a trained
nurse. Then the peripheral blood was diluted with PBS
before being added to human lymphocyte separation medium
(cat. no. P8610; Beijing Solarbio Science and Technology,
Co., Ltd.). After centrifugation at 500 x g for 20 min at room
temperature, the mononuclear cell layer was isolated and
washed twice with an equal volume of PBS containing 2%
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.). The differentiation of EPCs was induced using complete
endothelial cell medium (ECM; cat. no. 1001; ScienCell
Research Laboratories, Inc.) containing 5% FBS, 5% endothe-
lial cell growth supplement (cat. no. 1052; ScienCell Research
Laboratories, Inc.), 100 U/ml penicillin and 100 pg/ml strep-
tomycin (cat. no. 0503; ScienCell Research Laboratories, Inc.).
The cells were cultured in an incubator containing 5% CO,
at 37°C, and cell growth was monitored every other day using
an inverted light microscope. The first day of induction in vitro
(1D) marks the initiation, while the fourteenth day of induction
(14D) refers to a specific time point during the process.

To induce overexpression of WTAP, the coding sequence
of WTAP was inserted into the pLVX-Puro plasmid
(cat. no. HH-LV-048; HedgehogBio Science and Technology,
Ltd.). For WTAP knockdown, WTAP-specific short hairpin
(sh)RNA #1-3 and the scrambled (scr) sequence that was
used as a negative control (NC), were ligated to the linear-
ized pLKO.1-Puro plasmid (cat. no. HH-shRNA-004;
HedgehogBio Science and Technology, Ltd.). The study
utilized a second-generation lentiviral packaging system
comprising of three plasmids to conduct the experiments.
Table I provides a comprehensive overview of the sequence
information for shRNA #1-3 and Scr (NC). The 5 ug recombi-
nant plasmids, along with the psPAX2 packaging plasmid and
pMD2G envelope plasmid at a ratio of 4:3:1, were transfected
into 293T cells (cat. no. FH0244; Fuheng Biotechnology, L.td.)
using Lipofectamine™ 3000 (cat. no. L3000015; Invitrogen;
Thermo Fisher Scientific, Inc.). A total of 48 h post-transfection,
the supernatant was collected and filtered to obtain the virus
for subsequent transduction. For overexpression of WTAP, a
blank vector was used as an NC. Well-cultured HPB-EPCs at
a confluence of 40% were pre-selected and the aforementioned
viral particles were added to the supernatant of HPB-EPCs at

an MOI of 200. After being cultured for 24 h in an incubator
set at 37°C, the virus-containing culture medium was replaced
with fresh culture medium. A total of 3 days post-transduction,
fluorescence expression in cells was observed and stable cell
lines were screened using 5 yg/ml puromycin for 24 h prior to
subsequent experiments, while a maintenance dose of 2 yg/ml
puromycin was used during the experiment.

Cell proliferation assay. Exponential phase HPB-EPCs were
resuspended with complete ECM following digestion with
trypsin. The cells were counted and seeded into a 96-well plate
at a density of 2,000 cells/well. After incubation for 0, 24, 48,
and 72 h, the culture medium containing 10% Cell Counting
Kit 8 (CCKS; Dojindo Laboratories, Inc.) was added to the cells
and incubated for 2 h within the CO, incubator, all at 37°C.
Subsequently, the absorbance of the samples was measured at
a wavelength of 450 nm using a spectrophotometer.

Cell invasion assay. The cell invasion assay was performed
using Transwell plates (24-well insert; pore size, § um,;
BD Biosciences). The filter membrane of the chamber was
coated with 60 ul Matrigel (1:8 dilution; BD Biosciences)
for 1 h at 37°C. The upper chamber was seeded with 100 ul
serum-free medium containing 2x10* HPB-EPCs and the
lower chamber was seeded with 600 ul complete ECM. After
incubation for 24 h at 37°C, the chamber was fixed with 4%
paraformaldehyde for 30 min and stained with 0.1% crystal
violet for 30 min at room temperature. Finally, a magnifying
light microscope (Leica DMI3000B; Leica Microsystems
GmbH) was used to count the number of invaded cells at the
bottom of the chamber.

Tube formation assay. Precooled 96-well plates were seeded
with 100 pl/well Matrigel (BD Biosciences) and incubated
at 37°C for 30 min. Subsequently, the stably transfected cells
were trypsinized, resuspended in complete ECM, seeded
at 5x10%/well in the aforementioned 96-well plates, and incu-
bated for another 6 h at 37°C. Finally, images were captured
using the white light channel of a fluorescence microscope
(Nikon Corporation). The number and length of tubes were
counted and analyzed by Imagel] (version 1.8.0; National
Institutes of Health).

Liquid chromatography with tandem mass spectrometry
(LC-MS/MS) assay. TRIzol® Regent (cat. no. 15596026;
Invitrogen; Thermo Fisher Scientific, Inc.) was employed to
isolate total RNA from HPB-EPCs on 1D and 14D. Oligo dT
magnetic beads (cat. no. 19820; Yeasen Biotechnology, Ltd.)
were used to purify mRNA from total RNA. Subsequently,
200 ng purified mRNA was incubated with nuclease P1 (0.5 U;
MilliporeSigma) at 42°C for 1 h in a reaction system containing
10 mM NH,OAC (pH, 5.3; 25 ul). Then, NH,HCO3 (1 M; 3 ul)
and alkaline phosphatase (1 pl; 1 U/ul; MilliporeSigma) were
added and incubated at 37°C for 2 h. After neutralization with
1 u1 HCI (3 M), samples were diluted to 50 ul and filtered
through a 0.22-yM filter (MilliporeSigma). The separa-
tion of all samples (10 ul per injection) was achieved using
reverse-phase ultra-performance LC through an ACQUITY
UPLC T3 column (Waters Technologies, Inc.). The flow rate
was 0.3 ml/min. Analysis was performed using a TripleTOF
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Table I. shRNA and primer sequences used in the present study.

shRNA or primer Sequence, 5'-3'
Human WTAP GGUUCGAUUGAGUGAAACATT
shRNA #1
Human WTAP GCUUUGGAGGGCAAGUACATT
shRNA #2
Human WTAP GGGCAACACAACCGAAGAT
shRNA #3
Scr (NC) CAACAAGATGAAGAGCACCAAC
CD133 F: AGTCGGAAACTGGCAGATAGC

R: GGTAGTGTTGTACTGGGCCAAT
KDR F: GGCCCAATAATCAGAGTGGCA

R: CCAGTGTCATTTCCGATCACTTT
vwF F: CCGATGCAGCCTTTTCGGA

R: TCCCCAAGATACACGGAGAGG
CD31 F: AACAGTGTTGACATGAAGAGCC

R: TGTAAAACAGCACGTCATCCTT
METTL3 F: TCTCCACGCCAGATGCTC

R: ACAGTCCCTGCTACCTCCC
METTL14 F: CCTCCCATGTACTTACAAGCC

R: TAGCAGTGATGCCAGTTTCTC
WTAP F: ATGGCGAAGTGTCGAATGC

R: CCAACTGCTGGCGTGTCTC
FTO F: ACTTGGCTCCCTTATCTGACC

R: TGTGCAGTGTGAGAAAGGCTT
ALKBHS5 F: CGGCGAAGGCTACACTTACG

R: CCACCAGCTTTTGGATCACCA
IGF2BP1 F: TCCCCGATGAGCAGATAGC

R: CTGGGTCTGTTTTGTGATGTTG
IGF2BP2 F: ATGAAACAGGGACCAAGATAAC

R: GTTGAAAAGATGCCAAGTGC
IGF2BP3 F: GATTAAATCTGAACGCCTTGG

R: TGGCACCGACTGATAGAGC
YTHDF1 F: ACCTGTCCAGCTATTACCCG

R: TGGTGAGGTATGGAATCGGAG
YTHDF2 F: AGCCCCACTTCCTACCAGATG

R: TGAGAACTGTTATTTCCCCATGC
YTHDF3 F: TCAGAGTAACAGCTATCCACCA

R: GGTTGTCAGATATGGCATAGGCT
GAPDH F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG

F, forward; NC, negative control; scr, scrambled; shRNA, short
hairpin RNA; R, reverse.

6600 tandem mass spectrometer (SCIEX Technologies, Inc.)
in positive electrospray ionization mode. The interface heater
temperature was 550°C. The curtain gas was set at 30 PSI,
and both Ion source gasl and Ion source gas2 were all set at
55 PSI. All nucleosides were quantified using retention times,
and ion mass transitions (m/z) from 268.1 to 136.1 [Adenosine
(A)] and 282.1 to 150.1 (m®A). Quantification was performed
using standard curves generated within the same experimental

batch. A calibration curve was derived from these standard
curves to calculate the m°A to A ratios (23).

Immunofluorescence. The cells were fixed with 4% para-
formaldehyde for 20 min at room temperature and were
then incubated with 0.3% Triton X-100 for 10 min, and
the non-specific binding sites were blocked with 5% BSA
(cat. no. SW3015; Beijing Solarbio Science and Technology,
Co., Ltd.) for 30 min at room temperature. Subsequently,
the cells were incubated with a primary antibody against
mPA (cat. no. A-1801; EpiGentek, Inc.) at a dilution of 1:100
overnight at 4°C, followed by a 1:1,000 dilution of Alexa
Fluor® 594-conjugated goat anti-rabbit secondary antibody
(cat. no. 8889; Cell Signaling Technology, Inc.) at room
temperature for 1 h. Finally, nuclear staining was performed
with DAPI for 1 min at room temperature, and cells were
observed with EVOS™ FL Auto 2 imaging system (Invitrogen;
Thermo Fisher Scientific, Inc.).

Western blotting. Protein samples were extracted from
the experimental cells using protein lysis buffer, which
contained RIPA lysis buffer (cat. no. PC101; Epizyme
Biomedical Technology, Ltd.) and 1X protease inhibitor
cocktail (cat. no. GRF101; Epizyme Biomedical Technology,
Ltd.). The extracted proteins were then quantified using the
BCA method, denatured using sample buffer, separated
by 10% SDS-PAGE with loading of 20 ug protein per well
and electrophoretically transferred to PVDF membranes.
The membranes were then exposed to a blocking solution
(cat. no. PS108P; Epizyme Biomedical Technology, Ltd.) for
10 min at room temperature and incubated overnight with the
primary antibodies at 4°C. The membranes were then washed
three times with TBST (containing 0.1% Tween20) and incu-
bated with an HRP-conjugated secondary antibody for 1 h at
room temperature. Signals were detected and captured using
a filesystem (GBOX; Syngene) with a luminescence solution
(cat. no. SQ201L; Epizyme Biomedical Technology, Ltd.)
(liquids A and B; 1:1 ratio). The primary antibodies utilized in
this investigation were WTAP (cat. no. 41934; Cell Signaling
Technology, Inc.) and (-actin (cat. no. 4970; Cell Signaling
Technology, Inc.), both at a dilution of 1:1,000. The secondary
antibody employed was HRP-linked anti-rabbit antibody
(cat. no. 7074; Cell Signaling Technology, Inc.) at a dilution
of 1:3,000.

Reverse transcription-quantitative PCR (RT-qgPCR). RNA
samples were extracted from cells using TRIzol® Regent
(cat. no. 15596026; Invitrogen; Thermo Fisher Scientific,
Inc.) and reverse transcribed (cat. no. RR0O37A; Takara Bio,
Inc.) according to the manufacturer's instructions. cDNA was
diluted in nuclease-free water and RT-qPCR was performed
using 50 ng diluted cDNA, the TB Green® Premix Ex Tag™
kit (cat. no. RR420A; Takara Bio, Inc.), and the ABI 7500
Real-Time PCR system (Applied Biosystem; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
The thermocycling protocol was established based on the
manufacturer's instructions and the specifications of the
RT-PCR instrument utilized, as follows: Denaturation for
1 cycle at 95°C for 30 sec, followed by PCR for 40 cycles
at 95°C for 5 sec and 60°C for 34 sec, and then melting
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Figure 1. M°A levels are increased with the differentiation of EPCs. (A) Relative expression levels of cell surface markers of human peripheral blood-derived
EPCs at different time points (1D and 14D) were detected by quantitative PCR. Expression levels of cell lineage marker CD133 and reendothelialization
markers KDR, vWF, and CD31 were assessed at different time points during EPC culture. CD133 expression decreased over time, whereas KDR, vVWF and
CD31 expression increased. m°A levels were quantified in differentiated EPCs by (B) LC-MS/MS and (C) immunofluorescence assays. Differentiated EPCs
exhibited higher m°A levels. "P<0.05, “P<0.01, ""P<0.001 vs. 1D. D, day; EPC, endothelial progenitor cell; m°A, N6-methyladenosine; vVWF, von Willebrand
factor.

for 1 cycle at 95°C for 15 sec, 60°C for 1 min and 95°C for this experiment. All primers used in the present study were
15 sec. GAPDH was employed as the housekeeping gene in  sourced from Thermo Fisher Scientific, Inc., and are listed
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in Table I. The final results were analyzed using the 2244
method (17).

Statistical analysis. Statistical analysis was conducted using
Prism 9 software (GraphPad; Dotmatics). Data are presented
as the mean + standard error of the mean. The significance
level (o) was set at 0.05. P<0.05 was used to indicate a statisti-
cally significant difference. Comparisons between two groups
were evaluated using unpaired two-tailed Student's t-test for
data exhibiting normal distribution based on the Shapiro-Wilk
normality test. For multiple comparisons, one-way ANOVA
and LSD post hoc test was performed. Immunofluorescence,
western blotting, and qPCR were performed with at least three
independent biological replicates. The sample size was not
predetermined using a statistical method, but a minimum of
three samples were included in each experimental group and
condition.

Results

MPCA levels are increased with the differentiation of EPCs.
It has been established that the differentiation of EPCs can
be identified by detecting specific cell markers (24,25). To
evaluate the differentiation of HPB-EPCs, the expression
levels of cell surface markers were detected at different time
points (1D and 14D) using RT-qPCR. The expression levels of
the cell lineage marker CD133 were significantly downregu-
lated with increased culture duration (Fig. 1A). By contrast,
markers associated with endothelialization, including KDR,
von Willebrand factor (vWF), and CD31, were significantly
upregulated on 14D compared with on 1D (Fig. 1A). These
findings suggested that EPCs could differentiate into endothe-
lial cells during prolonged culture in vitro. Furthermore, m°A
modification levels were investigated at different time points
during EPC culture using LC-MS/MS and immunofluores-
cence techniques. Table SI provides information regarding the
raw and normalized peaks detected by LC-MS/MS. The results
revealed that the differentiated EPCs exhibited higher levels of
mC®A modification than undifferentiated cells (Fig. 1B and C).

WTAP contributes to increased m°A levels in EPCs. The
mRNA expression levels of multiple m°A-related enzymes were
detected during EPCs differentiation by RT-qPCR. Compared
with pre-differentiation EPCs, the mRNA expression levels of
a variety of methyltransferases (‘writers’, such as METTLI14
and WTAP), demethylases (‘erasers’, such as FTO and
ALKBHS5), and methylation-recognition enzymes (‘readers’,
for example, IGF2BP1-3 and YTHDF1-2) were significantly
increased (except for METTL3 and YTHDF3) after differ-
entiation (Fig. 2A), suggesting that m°A was increased after
HPB-EPCs differentiation. Among all enzymes, the mRNA
expression levels of WTAP were increased the most after the
differentiation of HPB-EPCs. Western blotting further verified
that the protein expression levels of WTAP were signifi-
cantly increased after differentiation (Fig. 2B), suggesting
that WTAP may play a major role in EPCs differentiation.
To investigate the effect of WTAP on EPCs differentiation,
overexpression and knockdown of WTAP were successfully
induced in HPB-EPCs and were verified using western blot-
ting. Compared to the control group, the overexpression group

exhibited an increase in WTAP protein expression. While
EPC-shWTAP-1 did not markedly alter the expression level,
the EPC-shWTAP-2 and EPC-shWTAP-3 groups, which were
selected for subsequent experiments, exhibited a significant
reduction in protein expression compared with the negative
control group (EPC-scr; Fig. 2C). Subsequently, an immuno-
fluorescence assay was employed to detect alterations in m°A
levels resulting from overexpression and knockdown of WTAP
in HPB-EPCs. Overexpression of WTAP in HPB-EPCs led
to an increase in m°A level, whereas knockdown of WTAP
resulted in a downregulation of mSA level (Fig. 2D). These
findings suggested that WTAP may have a crucial role in
regulating m®A during EPC differentiation. Subsequently,
the present study evaluated the effects of changes in WTAP
expression on EPC proliferation, invasion, and tube formation.

Overexpression of WTAP promotes the differentiation
of EPCs. Compared with the EPC-NC group, the prolif-
eration of EPCs was increased after WTAP overexpression
in a time-dependent manner and was significant after 72 h
of culture (Fig. 3A). During the Transwell assay, HPB-EPCs
with WTAP overexpression exhibited a higher number of
cells crossing the filter membrane compared with that in the
EPC-NC group, suggesting that the overexpression of WTAP
enhanced the invasive ability of the cells (Fig. 3B). In addition,
the EPC-WTAP group showed increased formation of tubes
and branching, suggesting that EPCs overexpressing WTAP
exhibited enhanced tube formation ability (Fig. 3C).

Knockdown of WTAP inhibits the differentiation of EPCs.
The present study demonstrated that the EPC-WTAP group
exhibited increased proliferation, invasion, and tube forma-
tion. Subsequently, the present study explored the effects of
knocking down WTAP on the aforementioned functions
in EPCs. The CCK8 assay revealed that the proliferation of
EPCs was decreased by WTAP knockdown compared with
in the NC group after 72 h of culture (Fig. 4A). In contrast
to the EPC-scr group, cell invasion and tube formation were
decreased following WTAP knockdown (Fig. 4B and C).

Discussion

Current evidence (26,27) suggests that EPCs have similar
differentiation capabilities to stem cells, and their surface
markers undergo changes at different stages during the differ-
entiation process. During the differentiation of EPCs, CD133
expression is gradually downregulated on the cell surface,
whereas the immunophenotype of differentiated EPCs is char-
acterized by the presence of CD31, VE-cadherin, vVWF, CD146
and VEGFR2/KDR, and the lack of CD45 and CD14 expres-
sion (24,25). The present study revealed that EPCs exhibited
differentiation ability in vifro. Notably, the levels of mSA were
increased with the differentiation of EPCs; however, the role
of m°A in EPC differentiation remains unclear, warranting
further exploration.

Little is currently known about the role of m°A in stem cell
regulation, since most studies have focused on the role of m°A
in CSCs (18-21,28).It has been established that the levels of m°A
are upregulated in CSCs, and that the key enzymes involved in
mPA regulation may influence the phenotype of CSCs, promote
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Figure 2. WTAP contributes to increased m°A levels in EPCs. (A) mRNA expression levels of m°A-related enzymes during EPC differentiation, as detected
by quantitative PCR. After differentiation, the expression levels of METTL14, WTAP, FTO, ALKBHS, IGF2BP1-3 and YTHDF1-2 were significantly higher
than in EPCs before differentiation. “P<0.01, ““P<0.001 vs. 1D. (B) Western blotting was used to verify the protein expression levels of WTAP, which were
also increased after cell differentiation. (C) WTAP expression was validated by western blot analysis following overexpression and knockdown of WTAP.
Compared with the control group, the overexpression group exhibited an increase in WTAP protein expression, whereas the knockdown group showed a
decrease in WTAP protein expression (with the exception of EPC-shWTAP-1). (D) Immunofluorescence assays were performed to validate alterations in m°A
following the successful overexpression and knockdown of WTAP in HPB-EPCs. Overexpression of WTAP in HPB-EPCs increased m°A levels, whereas
knockdown of WTAP resulted in a decrease in m®A levels. “P<0.05 vs. EPC-NC; ""P<0.001 vs. EPC-scr. D, day; EPC, endothelial progenitor cell; m°A,
N6-methyladenosine; NC, negative control; scr, scrambled; sh, short hairpin; WTAP, Wilms' tumor 1-associated protein.
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Figure 3. Overexpression of WTAP promotes the differentiation of EPCs. (A) Proliferation of EPC-NC and EPC-WTAP at different times, as determined by
Cell Counting Kit 8. In contrast to EPC-NC, the proliferation of EPCs increased after WTAP overexpression in a time-dependent manner and was significant
after 72 h of culture. (B) Invasion of EPCs overexpressing WTAP was demonstrated through a Transwell assay; more cells overexpressing WTAP crossed the
filter membrane. (C) Tube formation assay was performed to evaluate the tube-forming ability of EPCs. EPC-WTAP formed more tubes and more branches.
"P<0.01, ""P<0.001 vs. EPC-NC. EPC, endothelial progenitor cell; NC, negative control; WTAP, Wilms' tumor 1-associated protein.

tumor metastasis, and influence tumor prognosis (18-21,28).
mPA can affect endothelial function and vascular perme-
ability, and can participate in the regulation of atherosclerosis.
Endothelial inflammation has been shown to be made worse
by METTL14 (29), and oxidative low-density lipoprotein can
make human umbilical vein endothelial cells less likely to
divide and move (11). A previous study revealed that CPEB2
in glioma microvascular endothelial cells enhances SRSF5
stability and promotes the expression of ZO-1, occludin, and
claudin-5 to protect vascular integrity through m®A modifica-
tion (upregulation of METTL3 and methylation-recognition
enzyme IGF2BP3) (30). However, studies investigating the
role of m°A in EPCs are limited. A previous study has revealed
that knockdown of METTL3 in EPCs could result in impaired
angiogenic potential; by contrast, overexpression of METTL3
in EPCs led to enhanced tube formation with increased tubule
branching and increased angiogenesis in the chorioallantoic
membrane of chicken embryos (22). Similarly, the present
study showed that WTAP, another m®A methyl transferase,
enhanced the tubulogenic capacity of EPCs in vitro.

It is well known that METTL3, METTL14, and WTAP
form the m®A methyl transferase complex (MTC) (12). WTAP,
an essential regulatory subunit in methyltransferases, recruits
the MTC to the target mRNA (31). Current evidence suggests
that WTAP has various biological functions, including embry-
onic development, cell cycle progression and differentiation,
precursor mRNA splicing, and alternative splicing (12). WTAP
is also crucial in several pathological processes, such as wors-
ening myocardial ischemia-reperfusion injury by increasing
endoplasmic reticulum stress (32), inducing malignant tumor
growth (12), and possibly increasing resistance of tumors to

drugs (33). The present study demonstrated that WTAP could
promote the proliferation, invasion, and angiogenesis of EPCs,
suggesting that WTAP may promote the differentiation of
EPCs.

The present study observed that the expression trend
of YTHDF3 differed from that of other m°A enzymes
in response to EPC differentiation. The other enzymes
involved in m°A modification showed an increasing trend
during EPC differentiation, whereas YTHDF3 showed
a decreasing trend. The exact role of YTHDF proteins in
pluripotent stem cells remains uncertain. After conducting
phenotypic and transcriptomic analysis, Wang et al (34)
discovered that the absence of YTHDF1 in embryonic stem
cells can result in a significant hindrance to cardiomyocyte
(CM) differentiation, whereas YTHDF3 knockdown can
facilitate CM-specific gene expression and thus promote
CM differentiation. Based on these findings, it was hypoth-
esized that YTHDF3 may exhibit a downward trend during
EPCs differentiation. However, there is limited research on
the role of YTHDF3 in EPCs differentiation and further
investigations are needed to provide conclusive evidence
supporting this hypothesis.

To the best of our knowledge, the present study is the
first to provide evidence of the involvement of the m°A
methyltransferase WTAP in regulating EPC differentiation;
however, there are limitations. First, the present study only
included in vitro experiments, and future in vivo vascular
experiments are warranted to further evaluate the effect of
WTAP on the differentiation of EPCs. Second, due to study
limitations, RT-qPCR was used instead of flow cytom-
etry to detect cell surface markers and to evaluate EPCs
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Figure 4. Knockdown of WTAP inhibits the differentiation of EPCs. (A) Cell Counting Kit 8 was used to analyze the proliferation of EPC-scr, EPC-WTAP-sh2
and EPC-WTAP-sh3 at different times. EPC proliferation was decreased after 72 h of culture following WTAP knockdown. (B) Invasion and (C) tube forma-
tion were determined using Transwell and tube formation assays, respectively. In contrast to EPC-scr, cell invasion, and tube formation were decreased after
WTAP knockdown. ““P<0.001 vs. EPC-scr. EPC, endothelial progenitor cell; scr, scrambled; sh, short hairpin; WTAP, Wilms' tumor 1-associated protein.

differentiation. Third, the present study primarily focused on  target genes and pathways involved in WTAP-mediated EPC
observing the phenomenon without exploring the underlying  differentiation.

mechanisms. To elucidate the mechanism, techniques such as In conclusion, the present study revealed that m°A is
gene chip analysis should be employed to identify potential  involved in regulating EPC differentiation, and WTAP, one of
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its methyltransferases, may promote the proliferation, invasion,
and tube formation of EPCs, thus indicating that WTAP may
promote the differentiation of EPCs.
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