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MBD2 and EZH2 regulate the expression of SFRP1 without
affecting its methylation status in a colorectal cancer cell line
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Abstract. Secreted frizzled‑related protein 1 (SFRP1), which
is an extracellular inhibitor involved in Wnt signalling,
is downregulated by promoter hypermethylation in the
early stages of colorectal tumorigenesis. Polycomb (PCG)
and methyl‑CpG‑binding domain (MBD) proteins that
serve a role in epigenetic gene regulation. The aim of the
present study was to determine the role of PCG and MBD
proteins in the regulation of SFRP1 gene expression in
colorectal cancer (CRC), specifically in CRC cell lines and
the human embryo intestinal mucosa cell line CCC‑HIE‑2.
The methylation status of the SFRP1 gene promoter were
analysed using methylation‑specific PCR (MSP), whereas
SFRP1 mRNA expression was analysed using reverse
transcription‑quantitative PCR. The association between
PCG and MBD proteins and the SFRP1 gene was assessed,
where associated proteins were screened by chromatin
immunoprecipitation and their expression were subsequently
knocked down using RNA interference to determine their
role in the regulation of SFRP1 gene expression. The SFRP1
promoter was demonstrated to be hypermethylated in CRC
cell lines and partially methylated in the non‑cancerous cell
line CCC‑HIE‑2. SFRP1 mRNA expression was significantly
lower in CRC cell lines compared with that of CCC‑HIE‑2
cells. The expression of PCGs enhancer of zeste homolog 2
(EZH2) and BMI1, along with MBD2, was indicated to be
upregulated with SFRP1 methylation in HCT116 and SW480
cells. The SFRP1 promoter region was enriched with EZH2
in CCC‑HIE‑2 cells and enriched with EZH2 and MBD2
in SW480 cells, whereas none of the proteins examined
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were indicated on the SFRP1 promoter in HCT116 cells.
The expression of SFRP1 was reactivated by MBD2 small
interfering (si)RNA but not by EZH2 siRNA in SW480 cells,
but combined MBD2 and EZH2 knockdown effectively
restored SFRP1 gene expression without affecting the
methylation status of the SFRP1 promoter. In conclusion,
data from the present study revealed that MBD2 and
EZH2 regulated SFRP1 expression without affecting the
hypermethylation of SFRP1 in CRC cell lines. Instead, the
regulation of SFRP1 expression may be through a distinct
mechanism, which warrants further investigation.
Introduction
Colorectal cancer (CRC) is the third leading cause of
cancer‑associated mortality in both men and women, and
poses a serious health problem (1). Vermeulen et al (2)�������
previ‑
ously revealed that by modulating Wnt signalling activity,
cancer cells can reversibly lose their tumorigenic capabilities,
which can be regained following stimulation by myofibro‑
blast‑derived factors. This finding demonstrated the plasticity
of cancer stem cells, which can be modulated by adjusting the
activation status of Wnt signalling (3). The aberrant activation
of the Wnt/β‑catenin signalling pathway is associated with a
number of human malignancies, including breast (4), liver (5),
lung (6) and colorectal cancer (7).
Secreted frizzled‑related proteins (SFRP1‑5) belong to
a family of soluble proteins that are structurally related to
Frizzled proteins. They serve as extracellular inhibitors of
Wnt signalling by directly binding to Wnt ligands or Frizzled
receptors (8). Downregulated SFRP expression by promoter
hypermethylation has been previously demonstrated to result
in the constitutive activation of the Wnt pathway, which in turn
contributes to CRC malignancy ���������������������������
(9)������������������������
. Promoter hypermethyla‑
tion in the SFRP family of genes have been previously revealed
to occur early in the colorectal and adenoma tumorigenesis
process (10), where the adenocarcinoma and aberrant crypt
foci always maintain a high frequency of SFRP1 methyla‑
tion, with the rate reaching 94.4% (11). SFRP gene promoter
demethylation has been demonstrated to restore SFRP expres‑
sion and suppress Wnt signalling, leading to the inhibition of
tumour cell proliferation (10). This observation indicated that
promoter hypermethylation is associated with the silencing of
SFRP gene expression.
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Epigenetic regulation of gene expression does not lead to
changes in the actual DNA sequence (12). In eukaryotic cells,
gene expression is predominantly regulated by epigenetic
modifications the chromatin, which can subsequently adopt
active or repressive states �����������������������������������
(13)�������������������������������
. For example, histone acetyla‑
tion, trimethylation and other regulatory factors can render
chromatin susceptible to transcriptional activation (13), whilst
DNA hypermethylation, chromatin repressors and specific
codes of histone methylation can compact the chromatin to
repress transcription (12,13). DNA methylation is a particularly
important epigenetic modification in the regulation of gene
expression. Previous studies have revealed that methylated
CpG islands in the promoter region protrude into the main
groove, where transcription factors bind to directly inhibit
gene transcription (14).
The polycomb‑group (PCG) proteins are a family of
epigenetic regulators that can repress transcription through
post‑translational histone modifications or chromatin compac‑
tion (15). Evidence suggests that the overexpression of PCG
proteins, and particularly that of BMI1 and EZH2, results
in the progression of a variety of cancer types (16,17). The
methyl‑CpG‑binding domain (MBD) protein can specifically
recognize and bind to methylated DNA, recruit repressor
complexes and histone deacetylases (HDACs) to mediate
epigenetic transcriptional repression (18,19). However, to the
best of our knowledge, the specific identities of the PCG and
MBD proteins that regulate SFRP1 promoter methylation
and subsequent SFRP1 expression remain to be determined.
Therefore, using CRC cell lines, the aim of the present study
was to assess the potential role of PCG and MBD proteins in
the regulation of SFRP1 gene expression in CRC.
Materials and methods
Cell culture. The colon adenocarcinoma cell lines used in the
present study were as follows: SW1116 (Dukes A), SW480
(Dukes B) and HCT116 cells (Dukes D), were donated from
the Department of Gastroenterology, Zhongnan Hospital
of Wuhan University (Wuhan, China) (20). The human
embryo intestinal mucosa cell line CCC‑HIE‑2 (21) (cat.
no. 3111C0001CCC000178) was purchased from the China
Infrastructure of Cell Line Resources (Beijing, China).
All cells were cultured in DMEM (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% (v/v) FBS (Hangzhou
Sijiqing Biological Engineering Materials Co., Ltd.) and
1% (v/v) penicillin/streptomycin (Thermo Fisher Scientific,
Inc.) in a humidified atmosphere at 37˚C and 5% CO2.
Methylation‑specific PCR (MSP). DNA was extracted from
all cell lines using TIANamp Genomic DNA kit (Tiangen
Biotech Co., Ltd.) according to manufacturer's protocol.
Sodium bisulfite treatment was performed using an EZ DNA
Methylation kit (cat. no. D5020; Zymo Research Corp.). The
sequences of primers used for the present study were as
follows: SFRP1 unmethylated (U) forward, 5'‑GTTTTGTAG
TTTTTGGAGTTAGTGTTGTGT‑3' and reverse, 5'‑CCTACG
ATC GAA A AC GAC G CG A ACG‑3'; SFRP2 (U) forward,
5'‑TTT  T GG  GTT G GA GTT  T TT  T GG AGT  T GT GT‑3' and
reverse, 5'‑AACCCACTCTCTTCACTAAATACAACTCA‑3';
SFRP4 (U) forward, 5'‑GGGG GTGATGTTATTGTTT TT

GTATTGAT‑3' and reverse, 5'‑CACCTCCCCTAACATAAA
CTCA AAACA‑3'; SFRP5 (U) forward, 5'‑GTAAGAT TT
GGTGTTGGGTGGGATGTTT‑3' and reverse, 5'‑AAAACT
CCAACCCAAACCTCACCATACA‑3'; SFRP1 methylated
(M) forward, 5'‑TGTAGTTTTCGGAGTTAGTGTCGCGC‑3'
and reverse, 5'‑CCTACGATCGAAA ACGACGCGA ACG‑3',
SFRP2 (M) forward, 5'‑GGGTCGGAGT TTT TCG GAGTT
GCGC‑3' and reverse, 5'‑CCGCTCTCTTCGCTAA ATACG
ACTCG‑3', SFRP4 (M) forward, 5'‑GGGTGATGT TATCGT
TTTT GTATCGAC‑3' and reverse, 5'‑CCTCCCC TAACG
TAAACTCGAA ACG‑3'; SFRP5 (M) forward, 5'‑AAGATT
TGG  C GT  T GG  G CG  G GAC GT  T C‑3' and reverse, 5'‑ACT
CCAACCCGAACCTCGCCGTACG‑3'. The exact locations
of the SFRP1, SFRP2, SFRP4 and SFRP5 promoter regions
analysed for methylation by MSP are presented in Fig. S1A.
Gold Star Taq DNA polymerase (CoWin Biosciences;
cat. no. CW0938A) was used to amplify the DNA treated
with sodium bisufite. Each 50 µl reaction mixture consisted
of 1 µl bisulfite‑modified DNA template, 10 µl 5X Gold Star
Taq PCR Buffer, 4 µl dNTP Mix, 2 µl forward and reverse
primer (2.5 mM each), 0.5 µl Gold Star Taq DNA Polymerase
and 30.5 µl ddH 2O. The thermocycling conditions were as
follows: Initial denaturation at 95˚C for 10 min, followed by
38 cycles of denaturation at 95˚C for 30 sec; annealing at 60˚C
for 30 sec, extension at 72˚C for 30 sec and full extension
at 72˚C for 5 min. The consequent PCR products were then
electrophoresed on a 2% agarose gel.
Chromatin immunoprecipitation (ChIP). ChIP assay was
performed using a One‑Day Chromatin Immunoprecipitation
kit (EMD Millipore) according to the manufacturer's protocol.
ChIP was performed using anti‑MBD2 (1:50; cat. no. AB38646;
Abcam), BMI1 (1:50; cat. no. 5856; Cell Signalling Technology,
Inc.) and EZH2 antibodies (1:25; cat. no. 4905; Cell Signalling
Technology, Inc.) for 12 h at 4˚C, with normal rabbit IgG
(cat. no. LK2001; 1:1,000; Sungene Biotech, Ltd.) serving
as a control. DNA fragments isolated from chromatin were
subjected to 40 cycles of RT‑qPCR (cat. no. CW2627; CoWin
Biosciences) at 95˚C for 10 sec followed by annealing at 60˚C
for 60 sec and extension at 95˚C for 15 sec. The enrichment
of marks on the target regions was quantified relative to the
input amounts. The region of the SFRP1 promoters analysed
for methylation by ChIP are presented in Fig. S1Β.
RNA interference. All cells (5x105 cells/well) were seeded into
six‑well plates in DMEM, then 100 nM MBD2, EZH2 or a
negative control small interfering (si)RNA was transfected
into cells using Lipofectamine JET (Invitrogen; Thermo
Fisher Scientific, Inc; cat. no. SL100468) according to the
manufacturer's protocols. After 24 h incubation at 37˚C
in a CO2 incubator, the medium was replaced with fresh
DMEM containing 10% FBS and siRNA‑Lipofectamine JET
complexes 24 h prior to further culture. The sequences of
siRNA used for the present study were as follows: MBD2‑001
forward, 5'‑GAGGCUACAAGGACUUAGUTT‑3' and reverse,
5'‑ACUAAGUCCUUGUAGCCUCTT‑3'. MBD2‑002, 5'‑GAU
GAUG CCUAGUAAAUUATT‑3' and reverse, 5'‑UAAU UU
ACUAGGCAUCAUCTT‑3'. MBD2‑003, 5'‑CCUG GGA AA
UACUGUUGAU TT‑3' and reverse, 5'‑AUCA ACAGUAUU
UCCCAGGTT‑3'. EZH2‑2196 forward, 5'‑GCAG CUU UC
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UGUUCAACUU TT‑3' and reverse, 5'‑AAGU UGA ACAGA
AAGC UGC TT‑3'. EZH2‑488 forward, 5'‑GACUCUGAA
UGCAGUUGCU TT‑3' and reverse, 5'‑AGCA ACUGCAUU
CAGAGUC TT‑3'. EZH2‑1952 forward, 5'‑CCUGACC UC
UGUCUUACUU TT‑3' and reverse, 5'‑AAGUAAGACAGA
GGUCAGGTT‑3'. A nonspecific control siRNA was used as a
control. NC forward, 5'‑UUCUCCGAACGUGUCACGUTT‑3'
and reverse, 5'‑ACGUGACACGUUCGGAGAATT‑3'.
cDNA preparation and reverse transcription‑quantitative
PCR (RT‑qPCR). Total RNA was isolated from cells using
an easy‑spin™ Total RNA extraction kit (Beijing, Aidlab
Biotechnologies Co., Ltd.) according to the manufacturer's
protocols. The concentration of RNA was measured using
a NanoDrop™ 2000 spectrophotometer (Thermo Fisher
Scientific, Inc.). A total of 1,000 ng total RNA was used for
cDNA synthesis using a ReverTra Ace® qPCR RT kit (Toyobo
Life Science) and a temperature protocol of 15 min at 37˚C,
5 min at 98˚C and 4˚C thereafter. RT‑qPCR was subse‑
quently performed using SYBR® Green PCR Master Mix
(cat. no. CW2627; ComWin Biosciences) in a Bio‑Rad 7500
Real‑time PCR System (Bio‑Rad Laboratories, Inc.). Primers
used for qPCR contained the following sequences: GAPDH
forward, 5'‑AGAAGGCTGGGGCTCATTTG‑3' and reverse,
5'‑GCAG GAG GCATTG CTGATGAT‑3'; EZH2 forward,
5'‑TCC  TAC ATC  C TT  T TC ATG  CAA CAC‑3' and reverse,
5'‑GCT  C CC  T CC A AA T GC  T GG TA‑3'; MBD2 forward,
5'‑GCAAGCC TCAGTTGGCAAG‑3' and reverse, 5'‑ATC
GTTT CGCAGT CTC TGT TT‑3'; SFRP1 forward, 5'‑TGG
CCCGAGATGCTTAAGTG‑3', and reverse, 5'‑GACACACCG
TTGTGCCTTG‑3'; SFRP2 forward, 5'‑CGACATG CT TGA
GTGCGAC‑3' and reverse, 5'‑CTT TGGAGT TCCTCG GTG
G‑3'; SFRP4 forward, 5'‑TCACCCATCCCTCGAACTCA‑3'
and reverse, 5'‑CATCATCCT TGAG CG CCAC T‑3'; SFRP5
forward, 5'‑CCTCCAGTGACCAAGATCTGC‑3' and reverse,
5'‑TCCTTGATGCGCATTTTGACC‑3'. GAPDH was used as
an internal reference. The thermocycling conditions were as
follows: Initial denaturation at 95˚C for 10 min, followed by
39 cycles of denaturation at 95˚C for 10 sec, annealing at 60˚C
for 20 sec, extension at 72˚C for 10 sec and final extension
at 72˚C for 3 min. All reactions were performed in tripli‑
cate, and the results were analysed and expressed relative to
threshold cycle (Cq) values and then converted to fold change
values (2‑ΔΔCq) (22).
Statistical analysis. SPSS 20.0 software (IBM Corp.) was used
for data analysis. Data presented were analysed using one‑way
ANOVA followed by a Bonferroni's correction and presented
as mean ± standard deviation in the text and figures. P<0.05
was considered to indicate a statistically significant difference.
Results
DNA promoter hypermethylation and reduced SFRP1 mRNA
expression in CRC cell lines. The SFRP1 gene promoter was
demonstrated to be completely methylated in SW1116, SW480
and HCT116 cells but only partially methylated in CCC‑HIE‑2
cells according to MSP analysis (Fig. 1). The mRNA levels of
SFRP1 was significantly lower in CRC cell lines compared
with that of CCC‑HIE‑2 (Fig. 2).
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Figure 1. MSP of SFRP1 in CRC cell lines SW1116, SW480 and HCT116 cells
and a normal intestinal mucosal cell line CCC‑HIE‑2 cells. SFRP1, Secreted
frizzled‑related protein 1; M, methylated DNA product amplified using
methylation‑specific primers; U, unmethylated DNA product amplified using
nonmethylation‑specific primers; MSP, Methylation‑specific PCR; Positive
control, Placental DNA modified by CpG methylase; CRC, colorectal cancer.

Figure 2. SFRP1 mRNA expression in CRC cell lines SW1116, SW480 and
HCT116 cells and a normal intestinal mucosal cell line CCC‑HIE‑2 cells,
measured using reverse transcription‑quantitative PCR. GAPDH was used as
an internal quantitative control and CCC‑HIE‑2 as external controls. Three
independent experiments were performed. ***P<0.001. SFRP1, secreted
frizzled‑related protein 1; CRC, colorectal cancer.

Expression of EZH2, BMI1 and MBD2 are upregulated with
SFRP1 methylation in HCT116 and SW480 cells. EZH2
mRNA expression was revealed to be significantly increased
in CRC cell lines compared with CCC‑HIE‑2 cells. MBD2
and BMI1 expression were significantly higher in SW480
and HCT116 cells compared with CCC‑HIE‑2 cells, but was
markedly lower in SW1116 cells compared with CCC‑HIE‑2
cells (Fig. 3).
EZH2 and MBD2 can bind to the promoter region of SFRP1.
To examine if PCG and MBD proteins can interact with
the SFRP1 promoter directly, ChIP assay was performed in
HCT116, SW480 and CCC‑HIE‑2 cell samples. Enrichment
of EZH2 (% input =2.899) on the SFRP1 promoter region
was observed in CCC‑HIE‑2 cell samples. In SW480 cells,
increased binding of MBD2 (% input =3.244) and reduced
binding of EZH2 (% input =1.147) to the SFRP1 promoter
were observed compared with samples from CCC‑HIE‑2
cells. However, no enrichment was observed in samples from
HCT116 cells (Fig. 4).
Knockdown of MBD2 and EZH2 expression increases
SFRP1 expression in SW480 cells. To investigate the effect of
MBD2 and EZH2 on SFRP1 gene expression and promoter
methylation, MBD2 and EZH2 knockdown experiments
were performed on SW480 cells following confirmation

4

YU et al: MBD2 AND EZH2 REGULATE SFRP1 EXPRESSION

Figure 3. BMI1, MBD2 and EZH2 mRNA expression in CRC cell lines SW1116, SW480 and HCT116 cells and a normal intestinal mucosal cell line
CCC‑HIE‑2 cells, measured using reverse transcription‑quantitative PCR. GAPDH was used as an internal quantitative control and CCC‑HIE‑2 as external
controls. (A) BMI1 mRNA expression. (B) MBD2 mRNA expression. (C) EZH2 mRNA expression. Three independent experiments were performed. **P<0.01
and ***P<0.001. MBD2, methyl‑CpG‑binding domain protein 2; EZH2, enhancer of zeste homolog 2.

Figure 4. Enrichment of MBD2, EZH2 and BMI1 on the SFRP1 promoter
in CCC‑HIE‑2, SW480 and HCT116 cells on DNA isolated using chromatin
immunoprecipitation. *P<0.05. MBD2, methyl‑CpG‑binding domain protein 2;
EZH2, enhancer of zeste homolog 2; SFRP1, secreted frizzled‑related protein 1.

of siRNA transfection efficiency (Fig. 5A and B). SFRP1
expression was demonstrated to be significantly higher
following transfection with MBD2 siRNA but not EZH2
siRNA (Fig. 5C). However, co‑transfection of SW480 cells
with EZH2 siRNA alongside MBD2 siRNA significantly
potentiated the increase in SFRP1 gene expression compared
with MBD2 siRNA alone (Fig. 5C). The methylation status
of the SFRP promoters was therefore indicated to not be
altered by MBD2 or EZH2 knockdown, either alone or in
combination (Fig. 6A‑C).
Discussion
SFRP proteins have been demonstrated to directly and indi‑
rectly inhibit Wnt signalling (23). Accumulating evidence
has suggested that SFRP expression is tightly regulated by
promoter methylation (24). In the present study, SFRP1 mRNA
expression was significantly downregulated in CRC cell lines
compared with CCC‑HIE‑2 cells, a non‑cancerous intestinal
mucosal cell line, with concomitant hypermethylation in the
SFRP1 promoter region. Therefore, it was hypothesized that

the silencing of SFRP1 expression was due to methylation of
the SFRP1 gene promoter.
DNA methyltransferase (DNMT), which catalyses the
transfer of methyl groups to the carbon‑5 position of cytosine in
the dinucleotide sequence CpG, is associated with establishing
and maintaining the profile of DNA methylation (25). A previous
study has demonstrated that treatment of SW480 and HCT116
cells with the DNA methylation inhibitor decitabine (DAC) and
HDAC inhibitor trichostatin A (TSA) resulted in the restoration
of SFRP1 expression, which was markedly higher compared
with that observed with DAC treatment only; though TSA treat‑
ment alone did not restore the expression of SFRP1 (11). DAC
is a DNMT inhibitor that specifically promotes the degradation
of DNMT1, whereas TSA is a histone deacetylase inhibitor
resulting in hyperacetylation on histones H3 and H4 (26). This
result suggests that promoter hypermethylation of SFRP1 was
partly mediated by DNMT1 and downregulation of SFRP1 in
SW480 and HCT116 cells was mediated by both DNA methyla‑
tion and histone deacetylation.
A previous study reported that BMI1 interacts directly
with DNMT1‑associated protein 1, which in turn interacts
with DNMT1 to mediate transcriptional repression (27).
EZH2 can recruit DNMT1, DNMT3A and DNMT3B to
promote DNA methylation at CpG islands and establish
stable repressive chromatin structures (19). MBD2, which is a
member of the MBD protein family, can specifically recognize
and bind to methylated CpG sites, recruit co‑repressors and
modify the chromatin structure to inhibit gene transcription,
with HDAC as an example (28). MBD2 provides a potential
link between DNA methylation, chromatin remodelling and
histone modification. Enhanced binding of DNMT1, HDAC1
and MBD proteins to the transcriptional start site of SFRP1 in
hepatocarcinoma cells has been previously reported to result
in the epigenetic silencing of SFRP1 expression (29).
According to results in the present study, the transcription
levels of MBD2 and BMI1 were only observed to be upregu‑
lated in SW480 and HCT116 cells, whilst EZH2 expression was
increased from the early stages of CRC onwards, suggesting
that EZH2 may be involved in the occurrence of early CRC.
The involvement of BMI1, MBD2 and EZH2 in the regulation
of DNMT and HDAC migration mainly occurred during the
middle to late stages of CRC development.
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Figure 5.����������������������������������������������������������������������������������������������������������������������������������������
Effects of MBD2 and EZH2 knockdown on the expression of SFRP1. (A) Reverse transcription‑quantitative PCR analysis of EZH2 mRNA expres‑
sion in SW480 cells transfected with EZH2 or NC siRNA. (B) Reverse transcription‑quantitative PCR analysis of MBD2 mRNA expression in SW480
cells transfected with MBD2 or NC siRNA. (C) Expression of SFRP1 in SW480 cells was detected by reverse transcription‑quantitative PCR following
MBD2 and/or EZH2 knockdown. GAPDH was used as an internal control. *P<0.05, **P<0.01, ***P<0.001. si, small interfering RNA; NC, negative control;
MBD2, methyl‑CpG‑binding domain protein 2; EZH2, enhancer of zeste homolog 2; SFRP1, secreted frizzled‑related protein 1.

Figure 6. Effect of MBD2 and/or EZH2 knockdown on the methylation status of SFRP1 in SW480 cells. (A) MSP of the SFRP1 promoter after knocking
down MBD2, (B) EZH2 and (C) MBD2 and EZH2 expression. si, small interfering RNA; NC, negative control; MBD2, methyl‑CpG‑binding domain 2;
EZH2, enhancer of zeste homolog 2; SFRP1, secreted frizzled‑related protein 1; M, methylated DNA product amplified using methylation‑specific primers;
U, unmethylated DNA product amplified using nonmethylation‑specific primers; MSP, methylation‑specific PCR.

To clarify the mechanism involved in the silencing of SFRP1
by PCG and MBD proteins, potential PCG‑SFRP1 promoter and
MBD‑SFRP1 promoter complexes were detected using ChIP in
CCC‑HIE‑2, SW480 and HCT116 cells. BMI1 did not combine
with the SFRP1 promoter region in the three cell lines, suggesting
that it did not participate in SFRP1 promoter methylation. The
enrichment of EZH2 on the SFRP1 promoter region of SW480
cells was considerably lower compared with that in CCC‑HIE‑2
cells, suggesting that it may be associated with SFRP1 promoter

methylation in CCC‑HIE‑2 cells but not in SW480 cells. MBD2
was only indicated on the SFRP1 promoter in SW480 cells, indica‑
tive of a role in SFRP1 promoter methylation during the middle
stages of CRC. In addition, it was revealed that MBD2 and EZH2
bound to the SFRP1 gene promoter in SW480 cells but not in
HCT116 cells, suggesting that these two proteins may serve distinct
regulatory functions during CRC tumorigenesis. In SW480 cells,
SFRP1 gene expression was restored following MBD2 knock‑
down but not after EZH2 knockdown. In contrast, when MBD2
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Figure 7. Silencing model of the SFRP1 gene in colorectal cancer cells. SFRP1, secreted frizzled‑related protein 1; MBD2, methyl‑CpG‑binding domain protein 2.

and EZH2 were knocked down simultaneously, the expression of
SFRP1 was found to be significantly increased. However, neither
MBD2 or EZH2 knockdown could reverse SFRP1 gene promoter
hypermethylation. These observations suggest that SFRP1 gene
inactivation in CRC is associated with an additional mechanism
that is distinct from promoter hypermethylation.
MBD2 has been previously revealed to bind to methylated
DNA in the promoter region and recruit the Mi‑2/nucleosome
remodelling and deacetylase nucleosome remodelling complex,
resulting in histone deacetylation and chromatin remodelling
followed by inhibition of gene transcription (18,30). This effect
can be potentiated by EZH2, which also functions in chro‑
matin remodelling (18,30).
Inhibition of MBD2 and EZH2 can reduce the activity
of histone deacetylase and alleviate the repressive state of
chromatin, restoring gene expression (31). This phenomenon is
an indirect mechanism of inhibiting gene expression without
changing DNA methylation status. However, a previous study
demonstrated that histone deacetylation was not associated
with the suppression of SFRP1 gene expression, as inhibition
of histone deacetylase alone did not restore SFRP1 expres‑
sion (11). This mechanism is not sufficient to explain the role of
MBD2 knockdown in the restoration of expression. A possible
reason could be that SFRP1 transcription persisted even with
DNA methylation.
Studies have indicated that certain transcription factors
can also bind methylated DNA (32,33). CG dinucleotides in
the promoter region of SFRP1 can associate with different
types of transcription factors depending on the methylation
status of the sequence. In CRC cells, the hypermethylated
promoter of SFRP1 blocks transcription factor binding to
unmethylated CG, which may explain why the hypermethyla‑
tion of the SFRP1 promoter in colorectal tumours effectively
restores gene expression, whilst the other transcription factors
that preferentially bind to methylated CG of SFRP1 can still
maintain gene transcription ���������������������������������
(��������������������������������
34������������������������������
)�����������������������������
. Therefore, it can be specu‑
lated that MBD2 may recognize and bind to the methylated
promoter of SFRP1, outcompeting other transcription factors

that would normally bind to the methylated CG, resulting
in the complete inactivation of the SFRP1 gene in CR
tumours (Fig. 7). This could explain the restoration of SFRP1
gene expression without changes in the methylation status of
the SFRP1 promoter following EZH2 and MBD2 knockdown.
The present study demonstrated that MBD2 and EZH2
regulated SFRP1 expression without affecting SFRP1 meth‑
ylation in CRC cell lines. Further studies should be undertaken
by profiling transcription factors that can bind to the SFRP1
gene promoters. In particular, the role of the typical transcrip‑
tion factors on the restoration of SFRP1 expression, the precise
mechanistic function of MBD2 and EZH2 in addition to the
regulatory mechanism of DNA methylation on SFRP1 expres‑
sion in CR tumours require further study.
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