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Abstract: Methyl-CpG-binding protein 2 (MeCP2) epigenetically modulates gene expression through genome-wide
binding to methylated CpG dinucleotides. This study aimed to evaluate the effect of MeCP2 on the global gene
expression profile of human gastric adenocarcinoma to determine the potential molecular mechanism of MeCP2.
To identify the gene targets of MeCP2 in gastric cancer cells, we combined the expression microarray and chroma-
tin immunoprecipitation approaches of MeCP2, followed by sequencing (ChlP-seq) to define the MeCP2-binding
sites across the whole genome. The methylation levels of the promoters in BGC-823 cells were downloaded from
the National Center for Biotechnology Information Gene Expression Omnibus database (GSM1093053). A total of
5,684 ChlP-enriched peaks were identified by comparing IP and Input, using a p-value threshold of 10® in ChIP-seq.
The bioinformatics analysis presented a predictive model of the genome-wide MeCP2-binding pattern, in which
the MeCP2 binding site is closely related to the transcription start site region in the genome. The results of motif
detection showed that the MeCP2-binding regions contained not only the core CpG motif but also the extended poly
(A/T) motifs. Finally, an integrative analysis of the sequence features and DNA methylation states revealed that
MeCP2'’s function as a multifunctional transcriptional regulator may not be directly related to the methylation status
of the binding site. The first MeCP2 ChIP-seq and gene expression microarray analysis in BGC-823 cells revealed
that MeCP2 plays multiple roles in the regulation of gene expression depending on the microenvironment, such as
sequence characteristics and the methylation levels of binding sites.
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intervention in the metastatic recurrence of GC
[2].

Introduction

Gastric cancer (GC) is one of the most common

human malignant diseases and the second
leading cause of cancer mortality worldwide [1].
The reason for the high fatality rate associated
with this disease is that most cases of GC are
clinically detected only at the advanced stages
with distant metastasis. Unfortunately, tumori-
genesis and development are complex pro-
cesses that require the integration of signaling
events that occur in distinct locations within a
cell. However, little is known about the molecu-
lar mechanisms underlying tumor develop-
ment. Therefore, a highly critical need is to
explore the molecular mechanisms and identify
the “key” molecular markers related to metas-
tasis in GC, in order to identify new targets for

DNA methylation is a crucial epigenetic mark
with roles in embryogenesis and differentiation,
X-inactivation, imprinting, and the repression of
viral and repeat sequences [3]. Changes in the
patterns of DNA methylation have been impli-
cated in the pathogenesis of several human
diseases, including cancer [2, 4]. The DNA
methylation of promoter sequences is a repres-
sive epigenetic mark that downregulates gene
expression [3].

Methyl-CpG-binding protein 2 (MeCP2), located
at Xg28 in humans, is one of the methyl-CpG-
binding domain (MBD) proteins, which are
important constituents of the DNA methylation
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machinery [5, 6]. MeCP2 contains two func-
tional domains: an 85-amino-acid MBD essen-
tial for its binding to 5-methylcytosine and a
104-amino-acid transcriptional repression do-
main that interacts with histone deacetylase.
MeCP2 has a number of molecular functions
including chromatin organization, RNA splicing,
and transcription regulation [7]. MeCP2 has
been widely studied in neuronal systems ever
since it acquired biomedical importance with
the discovery that mutations in its gene deter-
mined a profound neurodevelopmental autism
spectrum disorder, the Rett syndrome [8-10].
Although MeCP2 is important for neuronal
function, several studies suggest that the func-
tion of other cell types, particularly gastric cells,
is impaired by MeCP2 defects [8]. Recently, a
non-neuronal role of MeCP2 has emerged in
microRNA processing [11], development [8],
apoptosis [12], and tumorigenesis [13, 14]. Itis
reported that an MeCP2 mutation determines
growth disadvantage in hepatocellular carcino-
ma [14], pancreatic cancer [15], and GC cells
[13, 16, 17].

MeCP2 is a methyl-cytosine binding protein
that functions as a transcriptional repressor by
binding to methylated CpG dinucleotide in pro-
moters. However, recent data suggest that
MeCP2 may be a modulator of transcription
that can both activate or repress target genes
[18, 19]. Early genome-wide expression profil-
ing studies revealed that only a few genes were
significantly upregulated in MECP2-knockout
mice. It was surprising that even some genes
appeared to be repressed [20]. Subsequent
genome-wide expression analyses in specific
brain subregions indicate that MeCP2 primarily
activates but also represses transcription. The
multiple functions of MeCP2 are closely related
to genomic distribution, methylation status of
binding sites, and interaction with several part-
ners. Chromatin immunoprecipitation (ChlP)-
on-chip assays in the human SH-SY5Y neuronal
cell line have revealed that 60% of MeCP2 bind-
ing sites lie within the intergenic regions, and
many of these are located > 10 kb from the
nearest gene [21]. Additionally, an integrated,
genome-scale ChIP and expression microarray
analysis revealed that 63% of active promoters
were bound by MeCP2 and only 6% of these
were highly methylated [8, 22]. Generally, these
data highlight the role of MeCP2 as a genome
modulator, whose functions are cell-type
specific.
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Moreover, our group reported that MeCP2 ex-
pression is significantly upregulated in GC, the
expression level was correlated with the clinico-
pathologic features, and MeCP2 promoted GC
cell growth [17, 23]. The role of MeCP2 in regu-
lating the proliferation of prostate cancer and
hepatocellular carcinoma cells is strongly sup-
ported by evidence. However, little is known
about its biological characteristics or molecular
mechanisms in human GC. In this study, we
described the use of ChIP coupled to next-gen-
eration high-throughput sequencing to define
MeCP2-binding sites across the whole genome
irrespective of whether they coincide with a
promoter. Since MeCP2 can regulate the tran-
scription of mMRNA and miRNA, we examined
the effects of MeCP2 on gene expression in
BGC-823 cells treated with MeCP2 small inter-
fering RNA (siRNA). The methylation level of the
promoters in BGC-823 cells was reported by
Gao et al. using a liquid hybridization capture-
based bisulfite sequencing approach, and data
were downloaded from the NCBI GEO data-
base (accession number, GSM1093053) [24].
Finally, we performed an integrative analysis of
the sequence features and DNA methylation
states to reveal the molecular mechanism of
MeCP2-mediated epigenetic regulation.

Materials and methods
Cell culture

A stomach adenocarcinoma cell line (BGC-823)
was obtained from the GeneChem Corporation
(Shanghai, China). The cells were grown at 37°C
ina 5% CO, incubator, in an RPMI-1640 culture
media supplemented with fetal bovine serum
(FBS).

ChiIP-sequencing

To validate the specific MeCP2 target regions, a
MeCP2 ChlIP-sequencing (ChlP-seq) analysis
was performed on the chromatin prepared from
the BGC-823 cells as previously described [9].
Briefly, the BGC-823 cells were grown to a den-
sity of 1x10%/mL in DMEM media supplement-
ed with 10% FBS (Gibco). Subsequently, the
cells were treated with 1% formaldehyde for 15
min at room temperature followed by quench-
ing with 125 mM glycine. The cells were washed
twice in cold PBS and swollen for 10 min in a
hypotonic lysis buffer. The nuclear pellets were
collected and lysed in a 1x RIPA buffer. Next,
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the nuclear lysates were sonicated using a cell
cracker (power 1200 W, 60 cycle for 3x9-s
intervals) so that the chromatin was sheared
into fragments from 100 to 600 bp. The clari-
fied lysates were divided in half and treated
overnight with either anti-MeCP2 (Abcam)
rabbit polyclonal antibody or normal rabbit
IgG (Santa Cruz, CA). The immunocomplexes
were collected with 40 pL protein G agarose
(Invitrogen, USA) and slurry for 2 h at 4°C. The
immunoprecipitates were successively washed
three times with low wash buffer, high wash
buffer, and TE buffer. Next, the protein-DNA
complexes were eluted from the beads with
elution buffer. Subsequently, the elutes were
added to RNase A (0.5 mg/mL), Proteinase K
(0.2 mg/mL), and NaCl (300 mM) and incubat-
ed overnight at 65°C to reverse the cross-link-
ing. The DNA was purified using phenol/chloro-
form (Invitrogen, USA) extraction and ethanol
precipitation and used as the libraries for the
RNA sequencing.

The high-throughput sequencing of the MeCP2
ChIP and control libraries was performed using
the lllumina HiSeq 2000 sequencing platform
with the following steps: 10 ng of DNA libraries
were blunt-ended with T4 DNA polymerase and
Klenow polymerase. A dA base was added to
the 3’ end of each strand by Klenow (exo minus)
polymerase. lllumina’s genomic adapters were
ligated to the DNA fragments. PCR amplifica-
tion was performed to enrich the ligated frag-
ments. An enriched product of approximately
200-400 bp was cut from the gel and purified
using a QlAquick Gel Extraction Kit. The com-
pleted libraries were quantified using an Agilent
2100 Bioanalyzer. The libraries were denatured
with 0.1 M NaOH to generate single-stranded
DNA molecules, captured on lllumina flow cells,
and amplified in situ. Then, the libraries were
sequenced on the lllumina HiSeq 2000 follow-
ing the TruSeq Rapid SBS Kit protocol.

MeCP2 binding site analysis

After the sequencing platform generated the
sequencing images, the stages of image analy-
sis and base calling were performed using Off-
Line Basecaller software (OLB V1.8). After
passing the Solexa CHASTITY quality filter, the
clean reads were aligned to the human genome
(UCSC HG19) using Bowtie software (V2.1.0).
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The aligned reads were used for the peak call-
ing of the ChlIP regions using MACS v 1.4.0. The
statistically significant ChIP-enriched regions
(peaks) were identified by comparing the IP and
Input, using a p-value threshold of 10°. The
peaks in the samples were annotated using the
nearest gene and using the newest UCSC
RefSeq database using the ChlPpeakAnno and
ChlPseeker package of R/Bioconductor [25,
26]. The signal profile (at 10 bp resolution) with
a UCSC WIG file format was generated from the
ChlP-seq data, which can be visualized on the
UCSC genome browser (http://genome.ucsc.
edu/). De novo motif discovery was conducted
using the Gibbs motif sampler in CisGenome
using a mean motif length of 12 bp and a maxi-
mum length of 30 bp. To address the possibility
of an alternate MeCP2 binding motif, our unbi-
ased and more precise pan-genomic identifica-
tion of the > 209 MeCP2 binding sites allows
the application of the de novo motif detection
tool MEME on the sequences within + 100 bp
of the summits of the MeCP2 peaks with an
FDR < 1%.

SiRNA transfection

siRNA was predesigned for the MeCP2 gene
silencing. Human MeCP2 siRNA (sense 5-GC-
UUAAGCAAAGGAAAUCUUU-3’, antisense 5-AG-
AUUUCCUUUGCUUAAGCUU-3’) and negative si-
RNA (NC-siRNA, sense 5-UUCUCCGAACGUGU-
CACGUTT-3’, antisense 5-ACGUGACACGUUC-
GGAGAATT-3’) were chemically synthesized
by the Shanghai GenePharma Corporation
(Shanghai, China). The BGC-823 cells were cul-
tured for 24 h in plates, and the siRNAs were
transiently transfected into the cells using
jetPRIME® reagent (Polyplus-transfection) ac-
cording to the manufacturer’s protocol.

Expression microarray hybridization

The total RNA was isolated by homogenizing
the cell cultures and processing them using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions.
Global gene expression analysis was applied
using the Human Gene Expression 4x44K v2
Microarray Kit (Agilent Technologies; Cat. No.,
G4845A). Following the washing steps, the
slides were scanned using the Axon GenePix
4000B microarray scanner.
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Figure 1. Distribution of the MeCP2 binding sites on the chromosomes. The covplot function calculates the cover-
age of peak regions over chromosomes using ChlPseeker package of R/Bioconductor. The inset shows the peak

numbers and densities on the chromosomes.

Results
MeCP2 peak distribution on chromosomes

Initially, we created a whole-genome map of the
MeCP2 binding sites using the ChlIP-seq
approach in the BGC-823 cells. Sequence
reads were generated from lllumina HiSeq
2000, and the image analysis and base calling
were performed using Off-Line Basecaller soft-
ware (OLB V1.8.0). A total of 5,684 ChlIP-
enriched peaks were identified by comparing
MeCP2 IP and Input, using a p-value threshold
of 105.

Generally, our sequencing results obtained
5,089 peaks with a fold enrichment more than
twofold. To further clarify the distribution char-
acteristics of MeCP2 peak on the chromo-
somes, we used the ChiPseeker package in R/
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Bioconductor to determine the distribution of
the MeCP2 peaks on each chromosome.
Moreover, the numbers of MeCP2 peaks pres-
ent on each chromosome were counted. The
results showed that MeCP2 peaks were distrib-
uted on every chromosome, and the total num-
ber of peaks on each chromosome was nearly
proportional to the length of the chromosome
(Figure 1). However, when calculating the peak
density on each chromosome, it was found that
MeCP2 had the highest binding strength to Chr
20 and Chr X but the lowest binding strength to
Chr 13, Chr 18, and Chr 22.

Another feature of MeCP2 distribution on the
chromosome is that MeCP2 does not corre-
spond to the centromere of the metacentric
chromosome (e.g., Chr 1 and Chr 9) or to the
short arm (p) of the acrocentric chromosome
(e.g.,Chr 13, 14, 15, 21, and 22). These results

Int J Clin Exp Pathol 2020;13(7):1578-1589
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Figure 2. MeCP2 binding is associated with chromosome and TSS. A. The human genome was partitioned into
histone modification-poor and aligned at position O of the X-axis. The distribution of 4,794 in vivo MeCP2 sites was
compared with the distribution of 4,794 randomly selected genomic positions sampled from each chromosome
according to the number of TSS. To show the overall distribution trend in limited space, the bars representing the
TSS number were shortened by 10 times. B. The histogram was generated from the putative MeCP2 binding regions
within 20 kb around the TSS identified in the BGC-823 cells. The plot shows that the MeCP2 binding sites are en-
riched in the regions more symmetrically around the TSS.

suggest that the MeCP2 binding site is mainly
distributed in the euchromatin region, which
contains the coding gene. However, the hetero-
chromatin region that does not contain the cod-
ing gene, such as the p arm of the acrocentric
chromosome, does not contain the MeCP2
binding sites. The results suggest that the
MeCP2 binding site is closely related to gene
transcription.

Relationship between MeCP2 peak and tran-
scription start site

Since the distribution of MeCP2 is closely relat-
ed to gene transcription, we further character-
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ized the chromosome distribution of the ChIP
peaks around the transcription start site (TSS).
Initially, we calculated the number of TSS in the
region while calculating the ChIP peak distribu-
tion of each chromosome. In Figure 2A, the
number of MeCP2 peaks and the number of
TSS on a chromosome are segmentally count-
ed from the chromosome start to the end in
units of 1 Mb. Each chromosome is reduced in
proportion to the length of Chr 1 based on the
actual length. The red bar graph above the
abscissa represents the number of MeCP2
peaks, and the blue bar graph below the abscis-
sa represents the number of TSS in the corre-

Int J Clin Exp Pathol 2020;13(7):1578-1589
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sponding area. To equalize the vertical and hori-
zontal coordinates, the number of TSS is
expressed as 1/10 of the actual number. The
results showed that the MeCP2 peak distribu-
tion was closely related to the distribution of
TSS on the chromosome. For example, Chr 1 is
a metacentric chromosome, and the centro-
mere region is the structural heterochromatin
region. This region does not encode the gene
and does not contain the peak of MeCP2. The p
arm of Chr 22 also belongs to the structural
heterochromatin region, which does not con-
tain the peaks of TSS or MeCP2. Similarly, the
numbers of TSS and peaks were simultaneous-
ly increased in the euchromatin region of the
chromosome decreases.

Then, the distribution of the distance of the
MeCP2 peaks to the nearest TSS was plotted
using the ChlPpeakAnno package. Figure 2B
shows that the MeCP2 binding sites were more
symmetrically enriched in the regions around
the TSS, and the peak decreases with a
decrease in the distance from upstream and
downstream, showing a normal distribution.
This may be due to the open state of the chro-
mosomes around the TSS, suggesting that
MeCP2 plays an important role in maintaining
chromosome morphology.

The relationship between the MeCP2 peak and
the annotation genes in whole genome

As mentioned above, the MeCP2 binding site is
closely related to the TSS region in the genome.
Additionally, the ChIPpeakAnno package was
used to summarize the distribution of the peaks
over different types of features, such as the
exon, intron, enhancer, proximal promoter, 5’
UTR, and 3’ UTR (Figure 3). Initially, we defined
the range of -2000 bp upstream to 500 bp
downstream of the TSS as the promoter region,
and the range of -2 kb to -20 kb upstream of the
TSS as the upstream region. Genetic regions
beyond the 20 kb upstream of the TSS were
considered to be intergenic regions, and the
gene body region includes its own exon region,
intron region, 3' UTR, and 5’ UTR (Figure 3A).
Please note that one peak might span multiple
types of features, leading to the number of
annotated features being greater than the total
number of input peaks (Figure 3B). At the peak
centric view, precedence will dictate the anno-
tation order when the peaks span multiple
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types of features (Figure 3C). The statistical
results show that the MeCP2 peak is more in
the intergenic region, accounting for 53.3% of
the whole, followed by the intron region (29.6%).
The results indicated that the binding site of
MeCP2 is mainly in the non-coding region of
the gene, suggesting a large number of genome
non-coding regions play a more important role
in regulating gene expression. The promoter
and upstream regulatory regions occupy 4%
and 6%, respectively. Although the number is
not dominant and the combination of this
region is only a short 20 kb, compared with a
large number of non-coding regions, this den-
sity is also considerable. This is consistent with
the results reported by LaSalle et al. By doing a
ChlP-on-chip analysis of a neuroblastoma cell
line, they found that more than half of the
MeCP2 binding sites are intergenic and only a
small number of these reside in the CpG islands
[21].

Sequence characteristics of the MeCP2 peaks
in the promoter region

To further investigate the sequence specificity
of the MeCP2 binding sites on different regions,
we performed de novo motif discovery using
the DNA FASTA sequences of the MeCP2 peak
regions. Since the MeCP2 protein acts as a
methyl binding protein, the di-nucleotide meth-
yl-CG (mCQG) is the classical DNA recognition
sequence. As expected, the most enriched
motif identified in this way for the MeCP2 bind-
ing regions contained the core CpG motif
(Figure 3D). From the motif diagram, base C is
conserved, and there is a certain change in the
next site. It was consistent with the finding that
MeCP2 also binds methylated cytosines in the
CH context (where H = A/T/C), with a similar
affinity both in vitro and in vivo [27, 28].
Interestingly, the MeCP2 peak exhibits the
extended poly (A/T) motifs in different binding
regions, including promoter, intergenic regions,
and gene body. The in vitro selections for the
MeCP2-bound DNA-enriched fragments con-
taining A/T bases were adjacent to methyl-
CpG. The A/T bases were found to be essential
for high-affinity binding at the selected sites
and at the known MeCP2 target regions in the
Bdnf and DIx6 genes. These motifs within
MeCP2 binding sites may contribute to the
transcriptional function in addition to the bind-
ing sites [18, 29, 30].

Int J Clin Exp Pathol 2020;13(7):1578-1589
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Figure 4. The relationship between the methylation levels of the MeCP2 binding sites within the promoter and gene
expression in the BGC-823 cells. A. Scatter plot showing gene expression profile change after MeCP2 siRNA trans-
fection in BGC-823 cells. B. Correlation between the fold change of gene expression and the average methylation
level of the promoter region. The methylation data of the promoter region was downloaded from the NCBI GEO da-
tabase (GSM1093053). C. Examples of MeCP2 peak binding enrichment at specific gene regions. Cumulative DNA
sequences co-purified with MeCP2 from BGC-823 cells are depicted as wiggle tracks aligned to the UCSC genome
browser (GRCh37/hg19) track of the human genome.

Effect of binding sites within the promoter on script ablation in the BGC-823 cells, an expres-
gene expression sion microarray analysis was performed with
RNA extracted from gastric cell cultures derived
MeCP2 is a methyl-cytosine binding protein from si-MeCP2 and the control groups. The
that is proposed to function as a transcriptional microarray results demonstrated that 1352
repressor by binding to methylated CpG dinu- upregulated and 1313 downregulated genes
cleotides in promoters. However, recent data were significantly changed more than twofold,
suggest that MeCP2 may be a modulator of including the MIXL1, THAP11, and HIST1H4H
transcription that can both activate or repress transcripts (Figure 4A).
target genes. Here, we hypothesized that the
MeCP2 occupancy at gene promoters may The methylation level of the promoters in BGC-
promote transcription silencing or activation, 823 cells was reported by Gao et al., and the
which is due to the methylation status of the data were downloaded from the NCBI GEO
binding sites. database (accession number, GSM1093053)
[24]. The BED file containing the percentages of
To further explore these possibilities, we ana- methylation at each site in the promoter region
lyzed the relationship between the methylation was uploaded to the UCSC browser (http://
statuses of the gene promoter and gene expres- genome-euro.ucsc.edu), and we analyzed the
sion Changes after the MeCP2 knockdown in overlap with our 209 peaks located in the pro-
the BGC-823 cells. To investigate the effects of moter region. Then, the methylation level of
MeCP2 on the gene expression profiles in the each CpG site in the promoter region could be
BGC-823 cells and to identify the genes affect- visualized on the UCSC genome browser.
ed by MeCP2 in the BGC-823 cells, we de-
pressed the MeCP2 expression using MeCP2 Unfortunately, when we analyzed the correla-
siRNA. After confirmation of the MeCP2 tran- tion between methylation levels of promoters
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and changes in gene expression, no correlation
was observed. Regardless of the methylation
level, si-MeCP2 could cause significant up- or
downregulation of the gene expression (Figure
4B). Additionally, Figure 4C showed the detail
information about the MeCP2 binding region at
the promoter of the LTK and NFE genes. The
promoters of these two genes contain high
methylation levels, but they have different
expression changes.

Discussion

MeCP2 was the first methyl-binding protein and
is responsible for several neurological disor-
ders [2, 22]. The molecular details of MeCP2
transcriptional regulation have proven to be
more complex than initially assumed, and little
is known about how the broad binding pattern
of MeCP2 regulates transcription in GC. In the
present study, we used next-generation high-
throughput sequencing following ChIP to pres-
ent a genome-wide MeCP2 binding pattern.
Furthermore, we describe the impact of MeCP2
knockdown on transcriptional regulation. Final-
ly, our integrative analysis of the sequence fea-
tures and DNA methylation states revealed that
MeCP2 function as a multifunctional transcrip-
tional regulator and may not be directly related
to the methylation status of the binding site.

We used BWA tools with the default settings to
map these reads to the hg19 human genome
reference assembly. Next, the MeCP2 peaks
were identified using MACS software. A total of
5,684 ChIP-enriched peaks were identified by
comparing the MeCP2 IP and IgG Input. The
bioinformatics analysis of the MeCP2-binding
genes revealed that MeCP2 has a wide cover-
age in the human genome. The MeCP2 binding
sites are mainly distributed in the euchromatin
region, which contains the coding gene (Figures
1 and 2A). However, the heterochromatin
region that does not contain the coding gene,
such as the p arm of the acrocentric chromo-
some, does not contain MeCP2 binding sites.
The bioinformatics results also showed that
approximately 53.3% of the MeCP2 binding
sites are intergenic, although the binding sites
were enriched in regions more symmetrically
around the TSS (Figures 2B and 3). These
results were consistent with the ChlP-on-chip
analysis on a neuroblastoma cell line, which
was reported by LaSalle et al. They claimed
that more than half of the MeCP2 binding sites
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are intergenic and that only a small number of
them reside in the CpG islands [21]. Moreover,
studies have revealed significant differences in
the numbers and sizes of the nucleoli and chro-
mocenters in the MeCP2 null mouse neurons
compared to those in the WT animals [31].
MeCP2 is able to bind at a genome-wide level,
and it has become evident that MeCP2 func-
tions in the chromatin architecture and genome
organization [18, 31].

MeCP2 has a high affinity for methylated cyto-
sines that are followed by a guanine nucleotide
(mCG) [5, 32]. To address the possibility of an
alternate MeCP2 binding motif, we performed a
de novo motif discovery on the MeCP2-binding
sequences. Our ChIP-seq data suggest that the
most enriched motif identified in this way for
MeCP2 binding regions contained not only the
core CpG motif but also the extended poly (A/T)
motifs (Figure 3D). Recently, it was found that
MeCP2 also binds methylated cytosines in the
CH context (where H = A/T/C), with a similar
affinity both in vitro and in vivo [27, 28, 32].
Thus, the binding of MeCP2 at mCG, mCH, and
hmC along with the accompanying alteration in
chromatin architecture can collectively play a
role in regulating gene expression in mature
neurons [19]. Interestingly, the MeCP2 peak
exhibits the extended poly (A/T) motifs in differ-
ent binding regions, including promoter, inter-
genic regions, and gene body. These motifs
may contribute to a transcriptional function in
addition to the binding sites (20, 29, 30). An
artificial selection of the MeCP2 binding sites in
vitro using methyl-SELEX demonstrated that
MeCP2 requires an A/T run of > 4 base pairs
adjacent to the methyl-CpG for efficient DNA
binding. We propose that the presence of an
A/T run is essential at the biologically relevant
MeCP2 binding sites and may help predict
MeCP2 interaction sites [29, 30].

Generally, methylation of the promoter region
inhibits the transcription of several mRNAs and
miRNAs, which play an important role in tumor
development. Previous studies have reported
that the genetic disruption of DNA methylation
in cancer cell lines induces the upregulation of
substantial numbers of mMRNAs and miRNAs [2,
13, 33]. The published results from our group
demonstrated that 5-Aza-dC treatment can
induce demethylation in the promoter region
andrestore gene expression [34]. Unfortunately,
the apparent dichotomy of MeCP2 functions
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(methylation dependence vs independence) is
highly controversial. Previous studies suggest-
ed that MeCP2 is a transcriptional repressor
targeted to specific genes via DNA methylation
[7, 18]. However, subsequent studies have pro-
posed that MeCP2 acts as a transcriptional
activator by recruiting the transcription factor
CREB to specific genes. Furthermore, there
have been reports that MeCP2 binding to DNA
may not depend on methylation, as studies
using in vitro chromatin assembly suggested
that MeCP2 can bind to both methylated and
nonmethylated DNAs and mediate nucleoso-
mal compaction [5]. To distinguish these alter-
native hypotheses for MeCP2 function, we ana-
lyzed the relationship between the methylation
status of the gene promoter and gene expres-
sion changes after the MeCP2 knockdown in
the BGC-823 cells. We utilized the NCBI GEO
database to determine the methylation levels
of the MeCP2-binding promoter region. The
results demonstrated that MeCP2 does not
selectively bind methylated promoters but is
bound at many unmethylated promoters and
has a similar regulation pattern to gene expres-
sion (Figure 4C). Consistent with this methyla-
tion-independent binding manner, Skene per-
formed a ChlIP analysis and found MeCP2 to be
globally distributed and to track the density of
meCpG in the neuron genome. Bisulfite se-
quencing of the immunoprecipitated DNA con-
firmed highly selective binding to the methylat-
ed DNA sequences. The author claimed that it
was the key neuron-specific role of MeCP2,
which was not observed in the glia or other tis-
sues [35].

Therefore, using next-generation RNA sequenc-
ing and gene expression microarray, the pres-
ent study has successfully identified a unique
set of genes responsive to MeCP2 in BGC-823
cells. The bioinformatics analysis of the ChIP-
enriched peaks presents a high-resolution
genome-wide mapping of the MeCP2 binding
sites. Our integrative analysis of the sequence
features and DNA methylation states revealed
that MeCP2’s function as a multifunctional
transcriptional regulator may not be directly
related to the methylation status of the binding
site. Generally, depending on the microenviron-
ment, MeCP2 can function as a transcript
repressor and also act as a gene expression
activator. These findings also explore the com-
plexity of MeCP2-mediated epigenetic regula-
tion in GC.
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