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ABSTRACT: MeCP2 is a transcriptional regulator that is involved in epithelial-
mesenchymal transition (EMT) and is highly expressed in proliferative
vitreoretinopathy. m6A methylation is a critical post-transcriptional regulation
in eukaryotic cells. However, the connection between MeCP2 and m6A
methylation has not been revealed in retinal pigment epithelium (RPE), and the
regulatory role of MeCP2 at the post-transcriptional level in an m6A-dependent
manner is rarely investigated. In this study, we used sequencing to reveal
differences in transcript levels and m6A abundance of individual genes in RPE
cells after treatment with human recombinant protein MeCP2. The biological
functions and processes of differential genes were further analyzed by
bioinformatics. The results exhibited that after MeCP2 treatment, 65 genes
were up-regulated and 43 genes were down-regulated at the transcription level,
and 4 peaks were hypermethylated and 9,041 peaks were hypomethylated at the
m6A modification level. Enrichment analysis found that differentially expressed
genes were associated with organic acid metabolism, melanogenesis, and vascular smooth muscle contraction. In addition,
differentially methylated genes were related to cell junction, RNA processing and metabolism, cell activity, actin cytoskeleton, and
several signaling pathways associated with EMT. Further conjoint analysis indicated that the transcription and m6A levels of the
EGR1, ELOVL2, and SFR1 genes were altered, and EGR1 is an essential transcription factor in the EMT process. The RNA levels
and m6A levels of the three genes were verified by qPCR and m6A-IP-qPCR, respectively. Overall, this study preliminarily revealed
the differential mapping of MeCP2-induced m6A modifications, which contributes to the study of the epigenetic and EMT
mechanism in RPE cells.

1. INTRODUCTION
Retinal pigment epithelium (RPE) cells, which play a critical
role in diverse retinal diseases, are a highly polar array of
quiescent cells and are closely attached to the choroidal layer.1

However, RPE cells will undergo the EMT process, which is
characterized by upregulation of mesenchymal markers and
enhanced cell migration and proliferation after stimulation
with cytokines and growth factors.1 Numerous studies have
shown that RPE cells undergoing the EMT process contributes
to the formation of fibrous membranes.1,2 By immunohisto-
chemical labeling of the proliferative vitreoretinopathy (PVR)
membrane, it was found that the membranes contained glial
cells and RPE cell populations, among which RPE cells were
considered to exist stably in PVR membranes.3 In addition,
RPE cells could undergo the EMT process by inducers under
culture conditions, and general inducers mainly include
transforming growth factor β (TGF-β) and tumor necrosis
factor α (TNF-α).4 The EMT process of RPE cells is complex
and might be induced by multiple factors or signaling
pathways. Therefore, elucidating the EMT mechanism in
RPE cells is conducive to the defense and treatment of retinal
diseases.

Epigenetics such as DNA and RNA methylation are involved
in the regulation of gene expression and are associated with the
development of the EMT process. m6A methylation is the
most abundant internal modification of RNA, which play an
essential roles in the post-transcriptional regulation of RNA.5

The regulatory mechanism of m6A methylation are controlled
by methyltransferases, demethylases, and methylation binding
proteins.6 Among them, methyltransferase METTL3 has been
confirmed to play an inhibitory role in PVR membrane
formation and the EMT process, and overexpression of
METTL3 can attenuate TGF-β1-induced EMT through the
wnt/β-catenin pathway in human RPE cells,7 suggesting an
inhibitory effect of METTL3 on EMT. However, a recent
study came up with the opposite result. METTL3 was up-
regulated in mouse subretinal fibrotic RPE cells, and
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knockdown of METTL3 can reduce the degree of retinal
fibrosis; in addition, it was confirmed that high-mobility group
AT-hook 2 (HMGA2) was a modification target of METTL3,
which activates the EMT key transcription factor SNAIL.8 This
suggests that even within the same cell type (RPE cells), the
regulatory mechanism of m6A may be different in different
species. Moreover, with the rapid advances in sequencing
technology, the transcriptome-wide modification profile of
m6A methylation has been revealed, and it was found that
m6A methylation might be involved in the regulation of a
variety of biological processes.9 The modification profile of
m6A has been extensively studied in multifarious cells;
however, studies on m6A methylation modification profiles
in RPE cells are still relatively lacking, and the biological
functions of m6A in RPE cells are largely unknown.
MeCP2 is identified as a global transcriptional repressor and

consists of 486 amino acids, which contains a methylated DNA
binding domain (MBD) that preferentially recognizes and
binds methylated CpGs sequences as well as a C-terminal
transcription repression domain (TRD) that inhibits transcrip-

tional activity.10 MeCP2 plays an important role in DNA
methylation, RNA interference, and RNA methylation and is
able to directly bind to methylation-modified DNA to affect
the transcription of target genes or miRNAs, as well as to the
methyltransferase METTL14 to affect m6A modification
(Figure 1).11−13 MeCP2 also forms complexes with histone
deacetylases (HDACs) and SIN3 transcription regulator family
member A (SIN3A) to further inhibit gene transcription in
combination with histone acetylation modifications.14 In
addition, MeCP2 associates with transcriptional activator
CREB1 to activate gene transcription.15 Mutations in
MeCP2 are known to cause RTT syndrome, which is defined
as a serious neurodevelopmental disease.16 MeCP2 is also
associated with varieties of cancers, such as breast, lung, and
prostate cancer. MeCP2 acts as a cancer suppressor in some
cancer cells. For example, in breast cancer cells, MeCP2
represses gene expression by binding to methylation sites in
the promoter region of the susceptibility gene BRCA111 or
inhibition of tumor cell proliferation and migration by
promoting the expression of epithelial markers.17 However,

Figure 1. Schematic diagram of the MeCP2 function in epigenetics. MeCP2 has diverse functions in epigenetics. During DNA methylation, MeCP2
binds to the promoter of the target gene and represses or activates gene transcription. Similarly, in RNA interference, MeCP2 affects the
transcription of certain miRNAs. During RNA methylation, MeCP2 competitively binds to the methyltransferase METTL14 and affects m6A
modification, thereby impacting gene expression. Diagram constructed by BioRender.
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MeCP2 promotes tumorigenesis and the EMT program in
some cell types. In pancreatic cancer, MeCP2 expression is up-
regulated and promotes EMT by activating TGF-β1,
accompanied by increased expression of mesenchymal markers
including vimentin, N-cadherin, and SNAIL.18

In addition, the function of MeCP2 in RPE cells has also
been investigated. Studies showed that MeCP2 is highly
expressed in the PVR membranes and inhibition of MeCP2
function, including DNA methylation inhibitor treatment and
knockdown of MeCP2 gene, resulting in decreased mesen-
chymal markers (α-SMA and fibronectin) in RPE cells.19

Furthermore, our previous study found that the expression of
α-SMA was significantly up-regulated after human recombi-
nant protein MeCP2 treated RPE cells for 72 h.20 This
suggests that MeCP2 plays a role in EMT of RPE cells;
however, the current studies on MeCP2 tend to focus on
pretranscriptional regulation, and it is unclear whether MeCP2
can alter the m6A status of mRNAs in RPE cells. Based on the
effect of MeCP2 on EMT of RPE cells, we determined the
changes in the transcription level and m6A abundance of
individual gene by high-throughput sequencing, which revealed
the m6A modification profile in RPE cells with and without
MeCP2 treatment. Moreover, this study is expected to discover
MeCP2-induced alternations in the m6A regulatory network in
RPE cells, which will contribute to the disclosure of new
molecular targets for the EMT mechanism.

2. MATERIALS AND METHODS
2.1. Cell Lines and MeCP2 Treatment. Human hTERT

RPE-1 (ATCC) cells were cultured in DMEM/F12 medium
(Solarbio) with 10% fetal bovine serum (FBS, Gibco) and 0.01
mg/mL of hygromycin B (Solarbio). The next day, they were
placed in a fresh DMEM/F12 medium (1% FBS). Twenty ng/
mL human recombinant protein MeCP2 (Abcam) was added
to the treatment group, and an equal volume of phosphate
buffered solution (PBS) was added to the control group.
hTERT RPE-1 cells were cultured in a 37 °C cell incubator for
72 h. Three parallel samples were set per group.
2.2. RNA Isolation. After washing the cells three times with

sterile PBS, 1 mL of TRIzol reagent (Takara) was added, and
cells were lysed for 5 min on ice. Cell lysate was transferred to
a sterile enzyme-free centrifuge tube, and 200 μL of
chloroform was added to isolate RNA. The supernatant was
transferred to a new centrifuge tube, and an equal volume of
isopropanol was added to precipitate RNA. After washing with
75% ethanol, the RNA was dissolved in sterile enzyme-free
water. Subsequent DNA digestion was carried out with DNaseI
(Takara). Total RNA was used for sequencing after the quality
and concentration of RNA was determined.
2.3. Library Construction and Sequencing. Sequencing

and analysis were performed by Seqhealth Technology Co.,
Ltd. (Wuhan). For m6A-seq, the mRNA was enriched with
oligo d(T) magnetic beads (VAHTS) and then broken into
short fragments of about 100 bp with divalent cations.21 The
fragmented mRNA was divided into two groups: the input
group and IP group, respectively. The IP group was
subsequently coimmunoprecipitated with m6A antibody
(Synaptic Systems). The library was constructed with a
Stranded mRNA-seq Library Prep Kit (HealthSeq), enriched
and quantified, and finally sequenced on a Novaseq sequencer
(Illumina).22 For RNA-seq, the m6A enrichment process was
omitted. Raw data from sequencing have been uploaded to the

SRA database (SRA accession: SRP470199, Bioproject:
PRJNA1035791).
2.4. Sequencing Data Analysis. The raw data were

filtered with Trimmomatic to obtain high-quality clean data.23

Subsequently, the deduplicated data were mapped to the
reference genome Homo sapiens GRCh38 with the STAR tool
(https://github.com/alexdobin/STAR) to obtain comprehen-
sive transcriptional information. Peak calling and peak
annotation were performed using exomePeak24 and bedtools
(https://github.com/arq5x/bedtools), respectively. The anal-
ysis of peak distribution was performed using deepTools,25 and
the m6A motif analysis was implemented by Homer
software.26 RPKM (reads per kilobase per million reads)
value was used to assess gene expression levels, and edgeR
package was used to identify differentially expressed genes
between groups.27

2.5. Functional Analysis and Plotting. Differential genes
were selected based on fold changes and p-value/FDR.
Annotated differential genes were subjected to functional
analysis using Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) through the OmicShare
platform, with FDR less than 0.05 indicating statistical
significance.28 The PCA, volcano, and nine-quadrant diagrams
were made by OmicShare tools, and IGV plots were drawn by
the Itegrative Genomics Viewer software.29

2.6. qPCR. First, RNA was reverse transcribed into cDNA
using the reverse transcription kit (Takara). Next, the reaction
system was prepared, and the reaction program was set up
according to the instructions of the real-time quantitative PCR
kit (Takara). GAPDH gene was set as the reference gene, and
the expression levels of EGR1, ELOVL2, and SFR1 genes were
detected. The primers used are as follows: GAPDH-F: 5′-ATC
CCATCACCATCTTCCAGG-3′; GAPDH-R: 5′-GATGAC
CCTTTTGGCTCCC-3′; EGR1-F: 5′-CACCTGACCGCA
GAGTCTTTT-3′; EGR1-R: 5′-CACTAGGCCACTGAC
CAAGCT-3′; ELOVL2-F: 5′-GCTCTCAATATGGCTGGG
TAAC-3′; ELOVL2-R: 5′-AGTTGTAGCCTCCTTCCC
AAGT-3′; SFR1-F: 5′-CCTCTGCGAATCCATCATCTC-3′;
SFR1-R: 5′-CCTCTGTGGAAGATGCTGGTT-3′.
2.7. m6A-IP. m6A-modified mRNA fragments were

enriched by the m6A methylated fragment enrichment kit
(EpiQuik), and the specific operations were as follows: 10 μg
of RNA for the IP group and 400 ng for the Input group. First,
the immunocapture solution was configured in which RNA was
incubated with m6A antibody or IgG antibody for 90 min at
room temperature. The RNA was fragmented, digested, and
released by proteases. Finally, RNA was captured using
magnetic beads, and after the magnetic beads were washed
three times, RNA was lysed in 13 μL of DNase/RNase-free
water. The enriched RNA was subsequently subjected to
reverse transcription and qPCR.
2.8. Western Blot. Total protein was extracted using 100

μL of RIPA lysate (1% PMSF). Loading buffer was added, and
proteins were denatured, followed by SDS-PAGE electro-
phoresis. The proteins were then transferred to a PVDF
membrane and incubated in 3% bovine serum albumin for 2 h.
MeCP2 (CST) or GAPDH (Proteintech) specific antibody
was added, and the mixture was incubated at 4 °C overnight.
After adding the appropriate secondary antibody and
incubating for 1 h, the protein was finally exposed using the
ECL Reagent (Millipore).
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3. RESULTS
3.1. Differentially Expressed Genes (DEGs) Induced

by MeCP2 in hTERT RPE-1 Cells. MeCP2 is a binding
protein of methylated DNA as well as a transcriptional
repressor that consists of two important structural domains:
MBD (methylated DNA binding domain) and TRD (tran-
scription repression domain) (Figure 2A). In addition, a
significant increase in intracellular MeCP2 content was
detected in RPE cells treated with 20 ng/mL of human
recombinant protein MeCP2 for 72 h, indicating that
exogenous addition of MeCP2 can increase intracellular
MeCP2 levels (Figure 2A). To elucidate the effect of
MeCP2 treatment on gene expression in RPE cells, we
performed transcriptome sequencing and analyzed differential
genes. To select differentially expressed genes, we set the cutoff
values of p-values and fold changes to 0.05 and 1.5,
respectively. The volcano plot showed that 65 genes were
up-regulated and 43 genes were down-regulated at the RNA
level after MeCP2 induction, and each dot represented a gene
(Figure 2B). The clustering heatmap marked with key genes
revealed differential gene expression in 6 samples from two
groups (Figure 2C).
Additionally, to clarify with which biological functions and

pathways the DEGs are associated with, we annotated the
functions of the DEGs by GO and KEGG analysis. As shown
in Figure 2D, the DEGs were related to organic acid metabolic
process (including fatty acid, long-chain fatty acid, and
unsaturated fatty acid), some biological processes (cAMP
biosynthesis, programmed cell death, and ion transport), and
protein kinase C-activating G protein-coupled receptor signal-
ing pathway. Genes involved in these biological functions

mainly included EDN1, PTGES, HTR1B, INHA, and ABCC11.
KEGG enrichment manifested that DEGs participated in renin
secretion, melanogenesis, vascular smooth muscle contraction,
AGE-RAGE signaling, cAMP signaling, and apelin signaling
pathway (Figure 2E, Table S1). Genes participating in these
biological pathways were mainly PLCB2, EDN1, ORAI1, and
EGR1.
3.2. Characteristics of m6A Modification in hTERT

RPE-1 Cells. m6A methylation is the most widespread internal
modification of eukaryotic mRNA. To explore the modification
profile of m6A in hTERT RPE-1 cells, we performed m6A
sequencing and analyzed the m6A peaks. By m6A-seq, we
detected 9,441 and 9,735 m6A peaks in the control and
MeCP2 groups, corresponding to 7,199 and 7,333 genes
(Figure 3A), respectively. In addition, 1,241 extra m6A peaks
and 947 missing m6A peaks were found in the MeCP2 group,
corresponding to 490 and 356 genes, respectively (Tables S2
and S3). By analyzing the distribution of m6A methylation
across functional regions of transcripts, we found no significant
difference between the control and MeCP2 groups, and the
abundance of m6A modification was largest in introns,
followed by 3′UTR and CDS regions (Figure 3B).
Homer software analyzed the common motifs among m6A

peaks and drew the motif diagrams.26 The results indicated
that the RRACH motif was dominant in both the control and
MeCP2 groups, accounting for 43.56 and 43.39% of the total
target sequences, respectively (Figure 3C). Furthermore, by
analyzing the distribution of m6A-modified transcripts in the
corresponding chromosomes, we found that m6A-modified
transcripts originated from all chromosomes except chromo-
some Y, which was attributed to the fact that hTERT RPE-1
cells were derived from females. In addition, there were 1,552

Figure 2.MeCP2-induced changes in gene expression in hTERT RPE-1 cells. (A) Domain of human MeCP2 protein and detection of intracellular
MeCP2 levels. The top is the domain of human MeCP2. NTD: N-terminus domain; MBP: methylated-DNA binding domain; TRD: transcription
repression domain; NLS: nuclear localization domain; NID: Ncor1-interacting domain; CTD: C-terminal domain. The bottom is the MeCP2
protein level. Intracellular MeCP2 protein levels in RPE cells treated with 20 ng/mL MeCP2 for 72 h were detected by Western blot. (B) Volcano
plot of DEGs. Each dot represents a gene, red dots mean hyper-expressed genes, blue dots mean hypo-expressed genes, and gray dots mean genes
without difference. (C) Heatmap analysis of DEGs. GO enrichment (D) and KEGG enrichment (E) of DEGs.
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and 1,588 peaks on chromosome 1 and 22 and 21 peaks on
mitochondrial DNA in the control and MeCP2 groups,
respectively (Figure 3D). However, there was no significant
difference in the number of m6A-modified transcripts on each
chromosome between the two groups.
3.3. Differentially Methylated Genes (DMGs) Induced

by MeCP2 in hTERT RPE-1 Cells. In order to investigate the
changes of m6A methylation abundance in each gene caused
by MeCP2 treatment, we selected DMGs by setting the cutoff
values of fold change (FC < 1.5) and false discovery rate (FDR
< 0.05). Comparison of the control and MeCP2-treated groups
revealed 9,041 down-regulated m6A peaks corresponding to
4,210 genes, as well as four up-regulated m6A peaks
corresponding to ZBTB40,ZNF93, ZNF283, and MAP7D2
genes (Figure 4A, Table S4). Among them, the ZBTB40 gene
contains one up-regulated m6A peak and one down-regulated
m6A peak, which is a zinc finger protein associated with
transcriptional regulation. We analyzed the DMGs distribution
on each chromosome and discovered that the number of
DMGs was the largest on chromosome 1, followed by
chromosomes 2 and 19, and the number of mitochondrial
DNA was the least (Figure 4B).
GO and KEGG enrichment further analyzed the DMGs

function and showed that they were associated with RNA
metabolism and binding, protein binding, nucleic acid

transcription, and gene expression (Figure 4C). In addition,
DMGs were also related to cell junction (adhesions junction,
focal adhesion, and tight junction), RNA processing and
metabolism (RNA degradation, spliceosome, ribosome bio-
genesis), cell activity (cell cycle and apoptosis), actin
cytoskeleton, and several signaling pathways (MAPK, Wnt,
Hippo, TNF, and AGE-RAGE pathway) (Figure 4D). Finally,
Figure 4E shows the enrichment numbers of DMGs in
different KEGG pathways, and 440 DMGs are involved in
signal transduction.
3.4. Conjoint Analysis of DMGs and DEGs. Since m6A

methylation plays critical roles in a variety of biological
processes, such as RNA metabolism, alterations in m6A
abundance have dramatic effects on the transcript levels. To
discover which genes were altered in both m6A abundance and
mRNA levels, we performed a conjoint analysis of DMGs and
DEGs. Figure 5A reveals that three genes (EGR1, ELOVL2,
and SFR1) were altered at the m6A and mRNA levels. In
addition, we analyzed the distribution of m6A peaks in the
transcripts of these genes and found that the m6A abundances
of three genes were all down-regulated (Figure 5B−D). The
EGR1 gene contained four down-regulated m6A peaks, the
ELOVL2 gene contained one down-regulated m6A peak, and
the SFR1 gene contained two down-regulated m6A peaks
(Table 1). However, the corresponding transcript levels

Figure 3. Characteristics of m6A modification in hTERT RPE-1 cells. (A) Overlapping peaks and overlapping genes are associated with m6A peaks
in the control and MeCP2 groups. (B) Analysis of the m6A peak distribution in different transcript regions. ncDNA-T: transcript of noncoding
DNA. (C) Analysis of the m6A motif and its proportion in the total target sequence. (D) Analysis of the distribution of m6A-modified transcripts
on each corresponding chromosome.
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showed that EGR1 was down-regulated, and ELOVL2 and
SFR1 were up-regulated. We further verified the mRNA levels
and m6A levels of these genes and found them to be consistent
with the sequencing results (Figure 5E, F).

4. DISCUSSION
MeCP2 acts as a transcription factor, and its imbalance affects
gene expression. Here, we first used RNA-seq to identify gene
expression changes in RPE cells after treatment with the

recombinant protein MeCP2, and we found that a total of 108
genes were altered in RNA levels (Figure 2B). Enrichment
analysis exhibited that DEGs were related to fatty acid
metabolism, renin secretion, vascular smooth muscle con-
traction, AGE-RAGE signaling, cAMP signaling, and apelin
signaling pathway (Figure 2D,E). In these pathways, abnormal
lipid metabolism is frequently associated with cancer cell
invasion and migration by affecting energy metabolism related
pathways.30,31 The renin−angiotensin system affects the

Figure 4. MeCP2-induced alterations in m6A methylation in hTERT RPE-1 cells. (A) Volcano plot of differentially methylated peaks. Each dot
represents an m6A peak, with orange representing the hypomethylated peak and red representing the hypermethylated peak. (B). Analysis of
DMGs distribution on each chromosome. GO enrichment (C) and KEGG enrichment (D) of DMGs. (E) Enrichment numbers of DMGs in
different KEGG pathways. Black font indicates the KEGG A class, and colored font indicates the KEGG B class.

Figure 5. Conjoint Analysis of DMGs and DEGs. (A) Overlap of the DMGs and DEGs. The intersection included EGR1, ELOVL2, and SFR1
genes. (B−D) IGV diagrams of m6A abundances in EGR1, ELOVL2, and SFR1 transcripts. The dashed lines represent the region of the difference
peaks. (E) qPCR validation of the mRNA level of EGR1, ELOVL2, and SFR1 genes. (F) m6A-IP-qPCR validation of the m6A level of EGR1,
ELOVL2, and SFR1 transcripts. Asterisks indicate that the p value is less than 0.05 of the t test.
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function of vascular smooth muscle, which is closely related to
hypertension, cardiomyopathy, and chronic kidney disease,32,33

suggesting that MeCP2 might be involved in various diseases.
Additionally, the AGE-RAGE pathway exhibits inhibitory
effects on EMT and pulmonary fibrosis by upregulating
Smad7 expression.34 The cAMP signaling pathway controls
multiple physiological processes such as metabolism, muscle
contraction, and gene transcription and is involved in
suppressing the EMT process induced by TGF-β1.35,36 The
apelin signaling pathway is associated with renal fibrosis and
inhibits the EMT process by regulating the SMAD path-
way.37,38 These results suggest that imbalanced expression
levels of MeCP2 affect multiple cellular pathways that regulate
the EMT process.
Moreover, the DEGs involved in these biological functions

mainly include EDN1, PTGES, HTR1B, INHA, ABCC11,
PLCB2, ORAI1, and EGR1, which encode endothelin-1,
prostaglandin E synthase, 5-hydroxytryptamine receptor 1B,
inhibin alpha chain, ATP-binding cassette subfamily C member
11, phospholipase C β2, ORAI calcium release-activated
calcium modulator 1, and early growth response 1,
respectively. Among them, EDN1 promotes RPE cell
proliferation, migration, and extracellular matrix molecule
(ECM) secretion through Akt/Erk signaling pathways and
plays crucial roles in the development of PVR.39 PTGES is
involved in the synthesis of prostaglandin E2 (PGE2), and its
expression is highly correlated with inflammation and cancer.40

PLCB2 is associated with the melanoma growth, and
knockdown of PLCB2 inhibits cell activity and facilitates
apoptosis by activating the Ras/Raf/MAPK signaling path-
way.41 ORAI1-mediated calcium (Ca2+) channels controls key
events in cancer cells, including cell proliferation, invasion, and
resistance.42 The above genes may be the entry points for the
connection between MeCP2 and the EMT process.
We further performed m6A-seq and found that m6A

methylation preferentially recognized RRACH motifs and
was abundant in the 3′UTR and intron regions (Figure 3B),
which was consistent with previous studies.43 Because hTERT
RPE-1 cells were female in origin, m6A-seq failed to detect
m6A peaks derived from chromosome Y. This suggests that
gender may be a factor in the EMT process of RPE cells. Some
studies have found that female sex hormones inhibit TGF-β2-
induced collagen contraction in RPE cells by suppressing the
expression of MMP, α-SMA, and fibronectin. In addition, both
estrogen receptor (ER) and progesterone receptor (PR) are
significantly expressed on the PVR membrane.44 Studies have
also found that gender factors affect the expression of EMT key
genes (such as SNAI1/2, ZEB1, and DDR1) in cancer cells,
thereby affecting cancer progression, especially liver can-
cer.45,46 However, there are currently few studies on the
correlation between gender factors and the EMT process of

RPE cells. By comparing the m6A methylation difference
between the control and MeCP2 groups, we discovered that
the m6A abundance of most DMGs was down-regulated in the
MeCP2 group (Figure 4A). This suggests that MeCP2 may
induce hypomethylation of a large number of genes. Enrich-
ment analysis found that DMGs were associated with cell
junction, RNA processing and metabolism, cell activity, actin
cytoskeleton, and diverse signaling pathways (Figure 4D).
Among them, adhesions junctions and tight junctions play
essential roles in maintaining the structural integrity and
homeostasis of epithelial cells.47 Focal adhesion serves as
anchoring units between cells and the extracellular matrix and
is involved in cell differentiation, proliferation, migration, and
cell cycle.48 Due to the altered or absent cell junctions, cells
lose their epithelial properties and undergo the EMT process.
DMGs were also enriched in RNA processing and metabolic
pathways, suggesting that MeCP2 may be involved in the post-
transcriptional regulation of gene expression through m6A
methylation. In addition, mesenchymal cells exhibit enhanced
migratory capacity, and the actin cytoskeleton may be a
contributor to this process.49 Moreover, MAPK, Wnt, Hippo,
and TNF signaling pathways have all been shown to be
involved in regulating the EMT process,50−53 indicating that
MeCP2-induced alternations may mobilize multiple signaling
pathways in m6A-dependent manners.
In addition, we found that EGR1, ELOVL2 and SFR1 genes

were altered at the m6A level and RNA level (Table 1). Among
them, EGR1 has been extensively studied as a key transcription
factor. It is expressed in a variety of cell types and is closely
associated with some important physiological processes such as
cell differentiation, proliferation, apoptosis, and invasion and is
involved in tissue damage, immune response, and fibrosis.54 In
addition, the role of the transcription factor EGR1 in EMT has
also been revealed, although its function in RPE cells is
unknown. Studies have shown that the EGR1 expression is
decreased in lung cancer primary cells after stimulation with
TGF-β1, and overexpression of EGR1 attenuated TGF-β1-
enhanced cell migration ability.55 Moreover, EGR1 is down-
regulated in bladder cancer tissues compared with adjacent
normal tissues, and increased EGR1 expression inhibits cell
migration, proliferation, and invasiveness.56 Furthermore, in
breast cancer, the EGR1 expression is positively correlated
with its target gene frizzled-related protein (FRZB), both of
which are lowly expressed in cancer tissue, and FRZB further
inhibits cell growth and invasion.57 The function of ELOVL2
in cancers is also emerging. ELOVL2 is involved in the fatty
acids elongation and is highly expressed in renal cell
carcinoma.58 However, the relationship between SFR1
(participated in homologous recombination repair) and EMT
has not been revealed. Based on the above results, we

Table 1. mRNA Levels and m6A Abundance of EGR1, ELOVL2 and SFR1 Genes

mRNA m6A

gene ID description chromosome logFC p-value logFC FDR annotation

EGR1 early growth response 1, transcriptional regulator 5 −0.6664 4.15 × 10−9 −0.6398 5.47 × 10−3 CDS
−0.9130 1.41 × 10−4 CDS
−0.6677 3.51 × 10−3 CDS
−0.9759 5.72 × 10−4 CDS

ELOVL2 ELOVL fatty acid elongase 2 6 0.6091 0.0350 −1.2376 5.16 × 10−4 3′UTR
SFR1 SWI5 dependent homologous recombination repair protein 1 10 0.6641 0.0033 −0.8193 0.0173 CDS

−1.1687 3.63 × 10−3 CDS
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speculated that EGR1 might play crucial roles in the MeCP2-
induced phenotype through m6A methylation.
Our results showed that treatment of RPE cells with MeCP2

downregulated m6A abundance and RNA levels of the
transcription factor EGR1. Based on the function of EGR1
in EMT and fibrosis, we speculate that reduced m6A
abundance of EGR1 transcripts in RPE cells results in
downregulation of its RNA and protein levels. We further
speculate that EGR1 may participate in the pathogenesis of
PVR. However, the mechanism by which MeCP2 affects m6A
modification remains to be further explored. It was shown that
MeCP2 is able to competitively bind to methyltransferase
METTL14, thereby affecting the function of METTL14.13 So,
in RPE cells, does MeCP2 affect the m6A abundance of EGR1
by affecting methyltransferase function through competitive
binding to methyltransferases or by inhibiting methyltransfer-
ase expression through its transcriptional repressive activity?
Including the function of EGR1 in the EMT of RPE cells and
PVR processes, these questions need to be further investigated.
Furthermore, as mentioned above, gender may be a factor that
affects EMT of RPE cells in m6A manners, since m6A
modifications may also be present on transcripts originating
from chromosome Y. Therefore, whether chromosome Y-
derived m6A-modified transcripts affect EMT and PVR
processes remains to be explored in depth.
In conclusion, this study revealed the pattern of m6A

modification in hTERT RPE-1 cells and identified changes in
the abundance of m6A modifications of individual genes after
MeCP2 treatment. Combined with RNA expression differ-
ences, EGR1, ELOVL2, and SFR1 genes were altered at the
RNA level and m6A level, suggesting that these genes might be
involved in MeCP2 regulation in an m6A-dependent manner.
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