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Objectives: Methyl-CpG binding protein 2 (MeCP2) is a ubiquitous epigenetic factor that represses gene expression by modi-
fying chromatin. Mutations in the MeCP2 gene cause Rett syndrome, a progressive neurodevelopmental disorder. Recent
studies also have shown that MeCP2 plays a role in carcinogenesis. Specifically, functional ablation of MeCP2 suppresses cell
growth and leads to the proliferation of cancer cells. However, MeCP2’s function in adult tissues remains poorly understood.
We utilized a weight matrix-based comparison software to identify transcription factor binding site (TFBS) of MeCP2-regu-
lated genes, which were recognized by cDNA microarray analysis. Methods: MeCP2 expression was silenced using annealed
siRNA in HEK293 cells, and then a cDNA microarray analysis was performed. Functional analysis was carried out, and
transcriptional levels in target genes regulated by MeCP2 were investigated. TFBS analysis was done within genes selected by
the cDNA microarray analysis, using a weight matrix-based program and the TRANSFAC 6.0 database. Results: Among the
differentially expressed genes with a change in expression greater than two-fold, 189 genes were up-regulated and 91 genes
were down-regulated. Genes related to apoptosis and cell proliferation (JUN, FOSL2, CYR61, SKIL, ATF3, BMABI, BMPR2,
RERE, and FALZ) were highly up-regulated. Genes with anti-apoptotic and anti-proliferative functions (HNRPAO, HISI, and
FOXC1) were down-regulated. Using TFBS analysis within putative promoters of novel candidate target genes of MeCP2,
disease-related transcription factors were identified. Conclusions: The present results provide insights into the new target
genes regulated by MeCP2 under epigenetic control. This information will be valuable for further studies aimed at clarifying
the pathogenesis of Rett syndrome and neoplastic diseases.
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l. Introduction

Mutations in the MECP2 gene cause Rett syndrome (RTT,
OMIM #312750). RTT is an X-linked dominant neurodevel-
opmental disorder, which is the second major cause of men-
tal retardation in females after Down syndrome [1]. RTT is
characterized by the progressive loss of intellectual function,
impaired motor skills, deceleration of head growth, and
stereotypical hand movements that begin to occur at 6-18
month of age. RTT has an incidence of 1:10,000-1:15,000
female births [2]. Complete absence of functional MeCP2 in
males typically results in fatal infantile encephalopathy [3].

MeCP2 is an epigenetic regulator of gene expression [4]
that is ubiquitously expressed in almost every tissue, al-
though the level varies by tissue type. MeCP2 expression
is elevated in various carcinomas, including mammary-
gland carcinoma, lymphoma, and colorectal carcinomas [5-
7]. MeCP2 has been reported to function in the chromatin
architecture, RNA splicing regulation, and transcriptional
activation, as well as DNA methylation-independent gene
silencing [8]. However, its function in RTT and neoplastic
diseases remains largely unknown. Therefore, to elucidate
the exact mechanism of MeCP2 in human diseases, includ-
ing RTT and cancer, it is important to identify the genes
regulated by MeCP2. Transcriptional regulation is one of the
most important regulatory mechanism in living cells, and
the classification of transcription factor binding domains
would enable the prediction of regulatory roles of certain
DNA elements [9]. Computational methods of predicting
transcription factor binding sites (TFBS) are crucial for
understanding the mechanism of gene regulation [10]. We
utilized Match, a weight matrix-based comparison soft-
ware based on position-specific scores to identify TFBS of
MeCP2-regulated genes, which were recognized by cDNA
microarray analysis [11,12].

Il. Methods

1. Cell Lines

HEK293 cells were maintained in Dulbecco/Vogt modified
Eagle’s minimal essential medium (DMEM; Gibco-BRL,
Grand Island, NY, USA) containing 10% fetal bovine serum,
streptomycin (100 pg/mL), and penicillin (100 units).

2. siRNA Transfection and RNA Preparation

hMeCP2 expression was inhibited using annealed siRNA
with siPORT Amine (Ambion, Austin, TX, USA) as the
transfection agent. The sequences of hMeCP2-specific
siRNA were 5-GGCAAAGCAGAGACAUCAGtt-3" and 5'-
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CUGAUGUCUCUGCUUUGCCtg-3".

The total RNA from the HEK293 cells was isolated with
TRI Reagent (Gibco-BRL) and purified using RNeasy kits
(Qiagen, Valencia, CA, USA). The concentration and integ-
rity of the total RNA were assessed using Agilent Bioanalyzer
2100 (Agilent Technologies, Palo Alto, CA, USA).

3. Experiment Profiling Using ¢cDNA Microarray

The synthesized cDNA were followed by coupling with Cy3
dye for reference or Cy5 dye for test sample (Amersham).
The probes were placed onto the cDNA chip (GenePlorer
TwinChip Human-8K; Digital-Genomics, Seoul, Korea) and
were hybridized at 58°C.

4. Data Analysis of cDNA Microarray

The chips were scanned with a GenePix 4000A scanner
(Axon, Foster City, CA, USA) and were analyzed with Ge-
nePix 3.0 software to obtain gene expression ratios. Signifi-
cance analysis of microarray (SAM) was used to identify the
genes with statistically significant changes in expression [13].
A false discovery rate of less than 5% was considered as sta-
tistically significant.

5. Transcription Factor Binding Site Analysis

To predict the transcriptional regulatory network of the tar-
get genes regulated by MeCP2, TFBS analysis was perfor-
med. Transcription factors interact with specific elements
within the promoter regions of target genes and thus
regulate gene expression. TFBS analysis was done within a
putative promoter for each up-regulated gene found by the
cDNA microarray analyses, with a four-fold increase as the
cutoff. Match 1.0, a weight matrix-based program, and the
TRANSFAC 6.0 database (BIOBASE International, Wolfen-
buettel, Germany) were used for analysis (Figure 1) [9,14].
Promoters were selected to 1,000 bp downstream of the tran-
scriptional start sites. Through ‘vertebrates’ matrices with
‘minimize the false positive rate’ option, the results for sev-
eral tissue-specific profiles, such as liver, muscle, immune-
cells, and cell cycle, were merged into a single table. The TFs
found for the promoter sequence of each gene were listed,
and Pathway Studio (Elsevier Inc., Amsterdam, The Nether-
lands) was used to study interactions between TFs common
to the identified target genes of MeCP2.

I1l. Results

1. Silencing of MeCP2 Activity by siRNA in HEK293 Cells
To determine the genes repressed by MeCP2, an RNA si-
lencing experiment was carried out using MeCP2-specific
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Figure 2. Expression levels of MeCP2 mRNA from HEK293 cells
transfected with empty siRNA (control), with transfec-
tion reagent only (amine), or with MeCP2-siRNA with
amine (siRNA-MeCP2). The level of MeCP2 mRNA in
HEK293 cells treated with siMeCP2 was reduced by
600%.

Amine

siRNA. First, cells were transfected with siRNA-GAPDH as a
control to exclude nonspecific effects and cytotoxicity caused
by siRNA. GAPDH expression levels were repressed by
siRNA, while MeCP2 expression remained stable in HEK293
cells. Cells transfected with amine alone in the absence of
siRNA were used as negative controls for MeCP2 expres-
sion. The level of MeCP2 mRNA was reduced by 60% in the
HEK?293 cells treated with siRNA of MeCP2 (siMeCP2),
while the HEK293 and amine-treated HEK293 cells showed
similar levels of MeCP2 mRNA expression (Figure 2). These
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results indicate that MeCP2 expression at the RNA and pro-
tein levels was efficiently inhibited by siRNA-MeCP2 in the
HEK293 cells.

2. ¢cDNA Microarray Analysis and Functional Classification
To identify novel target genes of hMeCP2, a cDNA microar-
ray was performed. Of the 8,170 genes tested, 5,215 genes
were statistically significant changes and were used for fur-
ther analyses. Off-target effects caused by siRNA targeting
similar sequences in unrelated genes or by global up-regu-
lation of interferon-stimulated genes (ISGs) were excluded
from the differential expression profiles [15,16], although
two of them (DNAJC3 and C2) changed more than two-fold
(Table 1). Based on previous reports and gene ontology [15],
the differentially expressed genes were grouped according to
functions (Table 2).

Among the 5,215 genes, 280 genes were differentially
expressed in siMeCP2-treated HEK293 cells, with a two-
fold difference in expression relative to that in the control
HEK293 cells. A total of 189 genes were up-regulated, and 91
genes were down-regulated. The ratio given in Table 3 repre-
sents the log, of Cy5 (siRNA-MeCP2)/Cy3 (control). Table 4
lists the 22 differentially expressed genes with a greater than
four-fold change in expression. Four genes (JUN, FOSL2,
ATF3, and RERE) were related to apoptosis, and eight genes
(JUN, FOSL2, CYR61, SKIL, ATF3, BMABI, BMPR2, and
FALZ) were related to cell growth, proliferation, and tumori-
genesis. HPA6 responded to cellular stress, and three genes
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Table 1. Interferon-stimulated genes responding to siRNA-MeCP2 in HEK293 cells

GenBank_Acc. Gene symbol Ratio® Title
AI652089 DNAJC3 1.87 DnaJ (Hsp40) homolog, subfamily C, member 3
X04481 C2 1.56 Complement component 2
M57736 ENPP1 0.38 Ectonucleotide pyrophosphatase/phosphodiesterase 1
AA732702 OAS1 0.15 2',5'-oligoadenylate synthetase 1, 40/46 kDa
BG773369 IFIT2 0.12 Interferon-induced protein with tetratricopeptide repeats 2
AA482422 ENO1 -0.02 Enolase 1, (alpha)
AI017284 PRAME -0.14 Preferentially expressed antigen in melanoma
AAB828226 UBE2L6 -0.19 Ubiquitin-conjugating enzyme E2L 6
M87284 OAS2 -0.20 2'-5"-oligoadenylate synthetase 2, 69/71 kDa
AA428847 IFITM1 -0.28 Interferon induced transmembrane protein 1 (9-27)

“Ratio is reported as log, of the Cy5 (siRNA- MeCP2)/Cy3 (control).

Table 2. Ontology of genes up-regulated by siRNA-MeCP2

Differentially expression change (= 2 fold)

Gene ontology Up-regulated Down-regulated Whole human

gene gene gene
Apoptosis 123 (6) 89 (1) 212 (7)
Cell death 134 (5) 92 (1) 226 (6)
Cell cycle 189 (12) 194 (12) 383 (24)
Cell growth & main- 777 (51) 853 (29) 1,630 (80)

tenance

Response to stress 214 (16) 229 (5) 443 (21)
Immune response 155 (4) 209 (1) 364 (5)
Signal transduction 575 (39) 561 (14) 1,136 (53)
Transcription 382 (28) 353 (16) 735 (44)

(SCL3A2, MTP, and STC2) showed other functions, includ-
ing metabolic regulation. Three genes (C18orf25, U45880,
and KIAA1340) had no identified function. Furthermore,
genes with anti-apoptotic and proliferative functions (HNR-
PAO, HIS1, and FOXCI) were down-regulated. The target
genes of MeCP2 identified by the cDNA microarray were
confirmed using quantitative reverse transcriptase-poly-
merase chain reaction. These results indicate that hMeCP2
modulates the expression of genes related to apoptosis and
proliferation.

3. Transcription Factor Binding Site Analysis

The up-regulated genes were activated by the siRNA-mediat-
ed silencing of the transcriptional repression of MeCP2. Of
the 16 genes up-regulated by more than four-fold, five genes
(HPAG6, RERE, Cl18orf25, KIAA1340, and U45880) were
excluded from the analysis. HPA6 was excluded because its
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Table 3. The number of genes altered by silencing MeCP2 ex-
pression in HEK293 cells

. Differential
Expression o Sub
Ratio expressed %
change total
gene
Up-regulation >3 3 189 67.5
2to3 13
1to2 173
Down-regulation -1 to -2 85 91 32.38
-2to-3 6
Total 280 280 100

“Ratio is reported as log, of the Cy5 (siRNA- MeCP2)/Cy3 (con-
trol).

increased expression appeared to be a false-positive effect at-
tributable to a stress response to siRNA. RERE was excluded
because it had repeated sequences that made prediction of
its promoter difficult. The remaining three genes (C180rf25,
KIAA1340, and U45880) were excluded because their func-
tions were unknown. The remaining 11 genes were selected
for TFBS analysis. The TFs that matched the MeCP2-
regulated genes in the TRANSFAC database are listed in
Table 5. The promoters of the selected genes had 12 TFBSs in
common; six additional TFBSs were also found to be com-
mon to the promoter regions of eight to ten of the genes.
The common TFBSs of the newly identified target genes also
appeared to be common to the previously validated target
genes of MeCP2 (Figure 3).
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Table 4. Up-regulated and down-regulated genes with a greater than 4-fold change as a result of MePC2 silencing in HEK293 cells

(HEK293siMeCP2)

Gene Ratio® Title
Up-regulated gene
JUN 3.98 V-jun sarcoma virus 17 oncogene homolog (avian)
HSPA6 3.19 Heat shock 70 kDa protein 6 (HSP70B')
FOSL2 3.01 FOS-like antigen 2
Cl8orf25 2.97 Chromosome 18 open reading frame 25
CYR61 2.80 Cysteine-rich, angiogenic inducer, 61
SKIL 2.51 SKI-like
ATF3 2.51 Activating transcription factor 3
SLC3A2 2.20 Solute carrier family 3, member 2
BAMBI 2.17 BMP and activin membrane-bound inhibitor homolog
- 2.13 GenBank_Acc. (U45880)"
BMPR2 2.07 Bone morphogenetic protein receptor, type I
RERE 2.06 Arginine-glutamic acid dipeptide (RE) repeats
MTP 2.03 Microsomal triglyceride transfer protein
FALZ 2.02 Fetal Alzheimer antigen
KIAA1340 2.02 KIAA1340 protein
STC2 2.00 Stanniocalcin 2
Down-regulated gene
FOXCl1 -2.00 Forkhead box C1
RBM1I12 -2.03 RNA binding motif protein 12
CYP7BI -2.11 Cytochrome P450, family 7, subfamily B, polypeptide 1
HIS1 -2.12 HMBA-inducible
HNRPAO -2.25 Heterogeneous nuclear protein A
WDR42A -2.27 WD repeat domain 42A

‘Ratio is reported as log, of the Cy5 (siRNA- MeCP2)/Cy3 (control). "Unidentified gene.

IV. Discussion

Previous functional analyses of MeCP2 with regard to RTT
have focused exclusively on neurons. Although RTT is pri-
marily a neurodevelopmental disorder, it is also a multi-
systemic disease that includes abnormalities in the cardiac,
respiratory, gastrointestinal, and musculoskeletal systems
[17]. Little is known about the target and regulatory genes
of MeCP2. Knowledge about the targets of MeCP2 and their
functions would be valuable in developing a therapy for RTT
patients.

The present study identified genes regulated by MeCP2 in
vitro as well as their functions in silico. siRNA-induced RNA
interference effectively reduced MeCP2 expression by 66%.
Transfection with siRNA-MeCP2 had no cytotoxic effects on
HEK293 and was highly specific for the target gene.

Several of the genes up-regulated by RNA silencing of
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MeCP2 were apoptosis-related genes, including JUN, FOSL2,
ATF3, and RERE. Apoptosis plays an important role in sev-
eral neurodegenerative disorders, such as Huntington dis-
ease, Alzheimer disease, Parkinson disease, and amyotrophic
lateral sclerosis [18]. JUN and ATF3 are commonly used as
markers of neuronal injury [19]. JUN and FOS also induce
apoptotic cell death in cancer [20]. The MeCP2 protein is
more highly expressed in most cancer tissues than in cor-
responding noncancerous tissues [21]. The up-regulation of
apoptosis-related genes by MeCP2 RNA silencing suggests
that the apoptosis-related genes might be suppressed in
tumors with high MeCP2 expression. Similarly, decreased
expression of apoptosis-related genes may promote tumor
overgrowth. It has been suggested that the carcinogenic
mechanism of the breast cancer 1 gene may be hypermethyl-
ation of apoptosis-related genes [22].

Of the up-regulated genes, RERE and FALZ are reported to
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Table 5. Transcription factors matched to target genes of MeCP2 matched in the TRANSFAC database

Gene

Matched transcription factors

Newly identified target genes of MECP2

JUN

FOSL2

CYR61

ATF3

SKIL

SLC3A2

BAMBI

BMPR2

MTP

FALZ

STC2

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COMP1, HNF-3beta, Pax-6, USF

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
CREB, HNF-3beta, MyoD, NF-Y, SRE TATA,USF

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COUP-TF/HNEF-4, CREB, HNF-1, HNF-3beta, Lyf-1, MZF1, NF-1, NF-AT, TATA, USF, Barbie Box, OCT-1

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COMP1, COUP-TF/HNEF-4, CP2, c-Rel, HNF-3beta, Ik-3, MyoD, SRF, Tal-1alpha/E47, TATA, USFE, XFD-3

AML-1a, AP-1, c/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MzF1, NF-1, NF-AT, Sp1, c-Myb,
E47, HNF-3beta, HNF-4, HNF-4alpha, Ik-3, MyoD, NF-kappaB, Pax-4, Pax-6, Pax-4, Pax-6, SP1, TATA, USF,
XFD-3, OCT-1

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COUP-TF/ HNF-4, E2F, E47, Evi-1, HNF-3beta, IRF-1, MyoD, NF-Y, OCT.-1, Tal-1alpha/E47, USE YY1

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COMP1I, E47, HNF-3beta, MyoD, NF-Y, TATA, USF

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, HNF-
3beta, MyoD, Pax-4, Pax-6, Tal-1alpha/E47, TATA, USE, XFD-3

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COUP-TF/HNF-4, c-Rel, HNF-3beta, HNF-4, 1k-3, IRF-1, MyoD, NF-kappaB, NF-Y, SRE, TATA, USF, XFD-3,

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
E47, HNF-3beta, Ik-3, MyoD, Nkx2-5,Pax-4, TATA, USE XFD-3

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COUP-TF/HNF-4, c-Rel, E47, GR, Hand1/E47, HNE-3beta, Ik-3, MyoD, NF-E2, NF-Y, TATA, USE, v-Maf, XFD-3

Previously validated target genes of MECP2

DLX5

BDNF

UBE3A

GRBAB3

FKBP5

SGK1

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COUP-TF/HNF-4, c-Rel, HNF-3beta, MyoD, NF-kappaB, TATA, USE XFD-3

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
COUP-TF/HNF-4, E47, HNF-3beta, MyoD, Tal-1alpha/E47, TATA, USF

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
E47, HNF-3beta, Ik-3, MyoD, NF-kappaB, NF-Y, Nkx2-5, Pax-4, USF

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
E47, Evi-1, HNF-3beta, MyoD, TATA, USFE, XFD-3

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
E47, HNF-3beta, MyoD, NE-Y, Nkx2-5, Pax-4, SOX-9, TATA, USF

AML-1a, AP-1, C/EBPalpha, C/EBPbeta, c-Ets-1(p54), GATA-3, HNF-1, Lyf-1, MZF1, NF-1, NF-AT, Sp1, c-Myb,
GR, HNF-3beta, IRF-1, MyoD, Nkx2-5, Pax-4, Tal-1alpha/E47, TATA, USF

The twelve transcription factors common to the newly identified target genes were marked as bold characters. These transcription

factors were also common to the previously validated target genes of MeCP2.

be highly expressed in neurodegenerative diseases [23,24].  scription, and it has been localized to a subset of amyloid-

Overexpression of RERE induces apoptosis by recruiting a  containing plaques in the brains of AD patients [26]. These

fragment of the pro-apoptotic protein BAX to PODS [25].  genes might explain the development of the neurologic fea-

FALZ is a novel DNA-binding protein that can repress tran-  tures of RTT.

Vol.22 @ No.2 e April 2016 www.e-hirorg 125



Injoo Kim et al

HIR

| Valldated MeCP2-target genes

| Transcription |

New candidate MeCP2-target genes |

factors JUN

DLX5 | BDNF | UB3EA | CRBAB3 | FBP5 | SCK1

FOSL2 | CYR61

SKIL | SLC3A2| BAMB1|BMPR2| MTP

C-Myb

HNF 3p

MyoD

TATA

L47

Figure 3. Potential transcription factor (TF) binding sites of regulated genes by MeCP2. (A) The shaded cells represent transcription fac-
tor binding sites. Cells with dark grey shading indicate TFs common to all of the 11 newly identified target genes of MeCP2;
light grey colored cells indicate TFs common to 8-10 of the genes. (B) The predicted TFs were related to tumorigenesis and
Rett syndrome. Fold change is reported as the log, of Cy5 (siRNA-MeCP2)/Cy3 (control).

The expression levels of six genes (WDR42A, HNRNPAO,
HISI, RBM12, CYP7BI and FOXC1) were decreased to be-
low 25% of the control levels. Three genes (HNRPAO, HIS1,
and FOXCI) have anti-apoptotic and proliferative functions
[21,27].

In the present study, TFBS was used to identify TFs in
genes up-regulated by MeCP2. TFBS analysis is important
for understanding the global effects of MeCP2 expression
[28]. In silico analysis was carried out to match the promotor
sequences of the identified target genes to their correspond-
ing TFs in a large database [9]. Interactions between TFs and
DNA are commonly described by position weight matrices,
derived by aligning all known TFBSs and log transforming
the observed number of each nucleotide at each position
[29]. Match uses the position weight matrix table provided
in the TRANSFAC database to calculate similarity scores to
measure the quality of a match between the input sequences
for comparison and the matrix in the database, where a
value of 1.0 denotes an exact match [11]. It is important to
choose appropriate cutoft values of similarity scores for opti-
mal search results. In the present study, pre-calculated cutoff
values minimizing false positives were chosen, which were
derived from applying the search algorithm to the sequences
of second exons where no biologically relevant TFBS would
exist [11]. The results of the TFBS analysis were quite simi-
lar to those obtained for previously validated target genes,
which confirms the reliability of the analysis result (Figure
3A) [30-33]. Importantly, the predicted TFs were related to
tumorigenesis and RTT (Figure 3B).

Six transcription factors, including AP-1, AP-2, CREB, SP-
1, USE and NF-AT, have been implicated in an RTT model
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PI3K

JNK

Proliferation

Apoptosis

Figure 4. Regulation of proliferation and apoptosis influenced by
MeCP2. Black boxes indicate newly identified candidate
target genes; grey boxes represent predicted transcrip-
tion factors.

[22,34,35]. The transcription repression domain of MeCP2
participates in transcriptional silencing via interaction with
a corepressor complex containing mSin3A and HDAC1
[36]. Of the analyzed transcription factors, MyoD has been
reported to bind to HDACI, and it is functionally linked to
the silencing of a muscle-specific regulatory gene prior to
skeletal myogenesis in RTT [14]. C/EBPp is associated with
mSin3A/HDACI and is closely related to the pathogenesis of
RTT [37].

Taken together, the results of the present study suggest that
MeCP2 silencing affects apoptosis and cell proliferation (Fig-
ure 4). Many epigenetic factors including MeCP2 are known
to be associated with tumorigenesis, suggesting that cancer
is an epigenetic disease [38]. A limitation of this study is that
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the in silico TFBS analysis was not validated by another ex-
periment, such as chromatin immunoprecipitation. Because
this was an initial screening step for identifying target genes
of MeCP2 utilizing cDNA microarray and computerized
TFBS analysis, future studies must evaluate the significance
of these targets and transcription factors in the pathogenesis
of RTT and other diseases associated with MeCP2.
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