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Abstract. The secreted frizzled related proteins (SFRPs) 
are extracellular inhibitors of WNT pathway signaling. 
Methyl‑CpG binding domain protein 2 (MBD2) and enhancer 
of zeste homolog 2 (EZH2) are core members of the methyl‑
ated DNA binding domain (MBD) and polycomb group (PcG) 
protein families for epigenetic regulation, respectively. This 
study aimed to ascertain the potential role of MBD2 and 
EZH2 proteins in colorectal cancer (CRC) and its effects on 
the expression of SFRP. Bioinformatics, real‑time quantitative 
polymerase chain reaction (qPCR) and western blot analysis 
were used to detect the expression of MBD2, EZH2, and SFRP 
in CRC cell lines and tissues. The functions of MBD2 and 
EZH2 in regards to cell proliferation, cell cycle distribution, 
apoptosis and invasion were examined in CRC cell lines. 
Methylation‑specific PCR (MSP) was used to detect the 
methylation status of the SFRP promoter. The results revealed 
that the mRNA expression levels of SFRP were significantly 
decreased in CRC tissues and cell lines compared to these 
levels in the adjacent tissues and NCM460, respectively. 
However, the mRNA levels of EZH2 and MBD2 genes were 
highly expressed in CRC cell lines. We found that reducing 
MBD2 and EZH2 expression together remarkably inhibited 
and decreased the proliferation, migration and invasion abili‑
ties of the CRC cell lines compared to reducing one of each. 
Flow cytometric analysis showed that knockdown of MBD2 
and EZH2 together in CRC affected cell apoptosis and the 
cell cycle progression more effectively than knockdown of 
one of each. The mRNA expression of SFRP1 was reactivated 
by silencing of MBD2 but not EZH2 in SW480 and HCT116 

cells. SFRP4 and SFRP5 mRNA expression was reactivated 
by silencing of EZH2 but not MBD2 only in SW480 cells. 
However, depletion of both MBD2 and EZH2 restored SFRP1, 
SFRP2, SFRP4, and SFRP5 mRNA expression more effec‑
tively in CRC cells. Interestingly, there was no significant 
change in the methylation status of SFRP1, SFRP2, SFRP4, 
and SFRP5 gene promoter between before and after interfer‑
ence with MBD2, EZH2, and both. In conclusion, our results 
suggest that silencing of MBD2 and EZH2 simultaneously was 
able to rescue the expression of SFRP and inhibit the prolifera‑
tion of CRC cells more effectively. However, the underlying 
regulatory mechanism system of MBD2 and EZH2 for SFRP 
in CRC requires further research.

Introduction

Wnt signaling pathway activation is a hallmark of cancer 
stem cells. Tumor cells can lose the ability to form tumors 
by modulating Wnt signaling activity. Abnormal activa‑
tion of the Wnt pathway is associated with a variety of 
human tumors, such as breast cancer (1), liver cancer (2), 
lung cancer (3), and promotes tumor cell proliferation and 
migration.

Colorectal cancer (CRC) is one of the most common tumors 
found in the digestive system (4). Continuous activation of the 
Wnt signaling pathway is characteristic of colorectal tumors (5). 
As an extracellular antagonist of the Wnt pathway, the secreted 
frizzled related proteins (SFRPs) can competitively inhibit 
signaling and prevent overactivation of the Wnt pathway (6). 
However, our recent meta‑analysis results indicated that 
hypermethylation of the SFRP promoter is inversely related to 
its expression in most tumors and contributes to canceration, 
at least in CRC (7). Furthermore, our previous study found 
that SFRP family gene promoter methylation occurred in the 
early stage of colorectal tumorigenesis, and maintained high 
frequency methylation in adenomas and adenocarcinomas (8). 
The methylation rate of SFRP1, SFRP2, SFRP4, and SFRP5 
were found to be 93.1, 83.3, 36.1, and 52.8% in colorectal carci‑
noma (8). Removal of SFRP gene promoter methylation was 
found to effectively restore gene expression, and to inhibit the 
abnormal activation of the Wnt signaling pathway, indicating 
that SFRP gene silencing is associated with hypermethylation 
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of promoter region DNA, which may be the cause of the devel‑
opment of CRC (8,9). 

Two classes of proteins have been implicated in the 
interaction between DNA methylation and histone modifica‑
tions, possibly related to the formation of tumor‑specific 
epigenomes, the polycomb group (PcG) protein family and 
the methyl‑CpG‑binding domain (MBD) protein family. It 
is known that PcG proteins do not function alone, but are 
assembled into polycomb repressive complexes  1 and 2, 
which play important roles in embryonic development, stem 
cell self‑renewal, and cell proliferation through epigenetic 
modification of target genes (10‑12). As an effector component 
of PRC2, enhancer of zeste homolog 2 (EZH2) can recruit 
DNA‑methyltransferase (DNMT)1, DNMT3A, and DNMT3B 
to the promoter region of the target gene, and bind to the gene 
promoter to maintain gene promoter methylation (13,14). It 
has been reported that EZH2 can promote cell proliferation, 
invasion and metastasis, and can also endanger DNA damage 
and repair (15). At the same time, experimental results have 
shown that tumor cell lines depend on polycomb repressive 
complex 2 (PRC2) activity, for example, knockout of EZH2 or 
other PRC2 core components, and the use of small‑molecular 
substances to inhibit EZH2, can reduce the proliferation of cell 
lines derived from various types of cancer (16). MBD2 plays a 
transcriptional inhibitory role in tumors mainly by recruiting 
histone deacetylase complexes NuRD/Mi‑2 and Sin3A to form 
transcriptional repressors (17,18), such as the silencing of the 
KAI1 gene in prostate cancer PC3 cells (19). We suspect that 
silencing of MBD2 and EZH2 can alter the methylation status 
of the SFRP gene promoter and then affect its expression to 
inhibit the WNT signaling pathway, which may be another 
target for colorectal tumor treatment.

In the present study, our aim was to explore the potential 
role of MBD2 and EZH2 proteins in CRC and their effects on 
the expression of SFRP. 

Materials and methods

Analysis of GEPIA and METCH databases. GEPIA (Gene 
Expression Profiling Interactive Analysis) is an online appli‑
cation developed by Peking University that can be used to 
analyze the differential expression of genes in cancer and 
normal tissues (http://gepia.cancer‑pku.cn/) (20). GEPIA is 
a web‑based tool for analyzing normal and tumor sample 
RNA sequencing data based on The Cancer Genome Atlas 
(TCGA) and Genotype‑Tissue Expression (GETx) data 
(tumor samples from TCGA dataset, normal samples from 
two datasets). In the present study, we observed the mRNA 
expression level of SFRP genes in the GEPIA database with 
the settings P≤0.01 and |log2(FC)| ≥1. Under this condition, 
we selected 275 tumor samples from the TCGA database 
and 349 normal samples from two databases in COAD and 
92 tumor samples from TCGA database and 318 normal 
samples from two databases in READ to analyze the 
expression of SFRP in CRC. The relationship between SFRP 
gene expression and promoter methylation was analyzed 
by the METCH database (http://methhc.mbc.nctu.edu.
tw/php/index.php) (21) [Tumor=275, Normal=349 (41 from 
TCGA database); READ Tumor=92, Normal=318 (10 from 
TCGA database)].

Cell cultures. Normal colon mucosa cell line (NCM460) and 
human colorectal cancer cell lines (HCT116, SW480, HT29 and 
DLD1) were donated from the team of Zhao Qiu, Department 
of Gastroenterology, Zhongnan Hospital of Wuhan University 
(Wuhan, China). All cells were cultured in a high glucose 
medium (DMEM, Gibco; Thermo Fisher Scientific, Inc.) 
containing 10% fetal bovine serum (FBS, Hangzhou Sijiqing 
Biological Engineering Materials Co., Ltd.) in a humidified 
atmosphere at 37˚C and 5% CO2.

RNA interference and transfection. CRC cells were seeded 
in a 6‑well plate (50,000 cells/ml). Transfection was initiated 
when the cell density reached 50‑60%. Cells were transfected 
with siRNA using a transfection reagent (GenMute™ siRNA, 
cat no. SL100568; GenePharma) according to the manufacturer's 
protocol. Approximately 24 h later, the cells were harvested for 
analysis as described below. The small interfering RNA (siRNA) 
sequences targeting human MBD2, EZH2, and negative control 
(NC) were purchased from Guangzhou RiboBio Co., Ltd. The 
siRNA sequences used in the study are listed as follows: MBD2‑001 
forward, 5'‑GAG​GCU​ACA​AGG​ACU​UAG​UTT​‑3' and reverse, 
5'‑ACU​AAG​UCC​UUG​UAG​CCU​CTT​‑3'; MBD2‑002 forward, 
5'‑GAU​GAU​GCC​UAG​UAA​AUU​ATT​‑3' and reverse, 5'‑UAA​
UUU​ACU​AGG​CAU​CAU​CTT​‑3'; MBD2‑003 forward, 5'‑CCU​
GGG​AAA​UAC​UGU​UGA​UTT​‑3' and reverse, 5'‑AUC​AAC​AGU​
AUU​UCC​CAG​GTT​‑3'; EZH2‑2196 forward, 5'‑GCA​GCU​UUC​
UGU​UCA​ACU​UTT​‑3' and reverse, 5'‑AAG​UUG​AAC​AGA​
AAG​CUG​CTT​‑3'; EZH2‑488 forward, 5'‑GAC​UCU​GAA​UGC​
AGU​UGC​UTT​‑3' and reverse, 5'‑AGC​AAC​UGC​AUU​CAG​AGU​
CTT​‑3'; EZH2‑1952 forward, 5'‑CCU​GAC​CUC​UGU​CUU​ACU​
UTT​‑3' and reverse, 5'‑AAG​UAA​GAC​AGA​GGU​CAG​GTT​‑3'. A 
nonspecific control siRNA was used as a control: NC forward, 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT​‑3' and reverse, 5'‑ACG​
UGA​CAC​GUU​CGG​AGA​ATT​‑3'.

RNA isolation and quantitative real‑time PCR (qPCR). CRC 
cells were placed in an EP tube containing 1 ml of TRIzol 
reagent (Thermo Fisher Scientific, Inc.). Total RNA extraction 
was performed according to the manufacturer's instructions. 
The resulting RNA was dissolved in RNase‑free water and 
immediately stored at ‑80˚C. The RNA concentration was 
measured using a NanoDrop 2000 spectrophotometer (Thermo 
Fisher Scientific, Inc.). cDNA was then synthesized using a 
ReverTra Ace qPCR RT kit (Toyobo Life Science). qPCR was 
performed using SYBR‑Green PCR master mix in a Biorad 
7500 real‑time PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The qPCR primers for MBD2, EZH2, 
and GAPDH were purchased from QingKe. The specific 
primers used are as follows: MBD2 forward, 5'‑GCA​AGC​CTC​
AGT​TGG​CAA​G‑3' and reverse, 5'‑ATC​GTT​TCG​CAG​TCT​
CTG​TTT​‑3'; EZH2 forward, 5'‑TCC​TAC​ATC​CTT​TTC​ATG​
CAA​CAC​‑3' and reverse, 5'‑GCT​CCC​TCC​AAA​TGC​TGG​
TA‑3'; SFRP1 forward, 5'‑TGG​CCC​GAG​ATG​CTT​AAG​TG‑3' 
and reverse, 5'‑GAC​ACA​CCG​TTG​TGC​CTT​G‑3'; SFRP2 
forward, 5'‑CGA​CAT​GCT​TGA​GTG​CGA​C‑3' and reverse, 
5'‑CTT​TGG​AGC​TTC​CTC​GGT​GG‑3'; SFRP4 forward, 
5'‑TCA​CCC​ATC​CCT​CGA​ACT​CA‑3' and reverse, 5'‑CAT​
CAT​CCT​TGA​GCG​CCA​CT‑3'; SFRP5 forward, 5'‑CCT​CCA​
GTG​ACC​AAG​ATC​TGC​‑3' and reverse, 5'‑TCC​TTG​ATG​
CGC​ATT​TTG​ACC​‑3'; GAPDH forward, 5'‑AGA​AGG​CTG​
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GGG​CTC​ATT​TG‑3' and reverse, 5'‑GCA​GGA​GGC​ATT​GCT​
GAT​GAT​‑3'. GAPDH was used as a control. All reactions were 
run in triplicate, and the results were analyzed and expressed 
relative to threshold cycle (CT) values and then converted to 
fold change values (2−ΔΔCq) (22). 

Western blot analysis. Cells were lysed with RIPA protein 
extraction reagent (Beyotime Institute of Biotechnology) 
supplemented with 1% phenylmethanesulfonyl fluoride (Seebio 
Science & Technology Co., Ltd.). Protein concentrations were 
measured using an enhanced BCA protein assay kit (Beyotime 
Institute of Biotechnology). Each lane contained equal 
amounts of protein (30 µg). Proteins were separated using 14% 
sodium dodecyl sulfate‑polyacrylamide gel electrophoresis 
(SDS‑PAGE) and were then transferred to a polyvinylidene fluo‑
ride membrane (Millipore, USA). The membranes were blocked 
with 5% milk for 2 h at room temperature. The membranes were 
then placed in a TBST solution containing anti‑SFRP1 antibody 
(dilution 1:500; cat. no. AB_2764730; ABclonal Biotechnology 
Co., Ltd.), SFRP2 (dilution 1:1,000; cat.  no  AB_2766193; 
ABclonal Biotechnology Co., Ltd.), SFRP4 (dilution 1:1,000; 
cat. no. AB_2767011; ABclonal Biotechnology Co., Ltd.), SFRP5 
(dilution 1:1,000; cat. no. AB_2772201; ABclonal Biotechnology 
Co., Ltd.), MBD2 (dilution 1:500; cat. no. ab38646; Abcam), and 
EZH2 antibodies (dilution 1:1,000; cat. no. ab186006; Abcam) 
overnight (~12 h) at 4˚C. The following day, after washing with 
TBST, the blots were incubated with an HRP‑labelled anti‑rabbit 
(dilution 1:5,000, cat. no. GB233303‑1, Servicebio) secondary 
antibody for 2 h at room temperature. The blots were visualized 
using a super ECL detection reagent (Solarbio, Beijing, China). 
ImageJ 1.8.0 (NIH) was used for densitometry. Each set was 
repeated at least three times.

Wound‑healing assay. CRC cells were seeded in a 6‑well plate 
(50,000 cells/ml). Twenty‑four hours post‑transfection, the cells 
had reached 70‑80% confluency. A straight scratch was created 
using a sterile yellow pipette tip. PBS was added to the 6‑well 
plate to remove floating cells. The original culture medium 
was replaced with 0.5% FBS for another 24 h as previously 
described (23). All tests were repeated three times. Cell migration 
was observed and imaged at 0, 24, and 36 h with a digital camera 
(x40 magnification; OLYMPUS U‑RFL‑T; Olympus Corp.).

Cell proliferation assay. At 24 h post‑transfection, SW480 
and HCT116 cells were trypsinized to provide suspen‑
sions that were then seeded in 96‑well plates at densities of 
2,000 cells/well. The cell proliferation rates were calculated 
using the CCK‑8 assay at 0, 24, 48, and 72 h. Briefly, 10 µl 
of CCK‑8 was added to each well, and the cells were allowed 
to incubate at 37˚C in 5% CO2 for 2 h. The absorbance value 
of each well at 570 nm was recorded. Each experiment was 
repeated at least three times.

Cell invasion assay. A 24‑multiwell insert plate with a 
small chamber (BD Biosciences) containing an 8.0‑micron 
pore size Matrigel‑coated membrane was used for the cell 
invasion assays. Briefly, Matrigel liquid was added to the 
chamber the day before the experiment and placed in a 4˚C 
refrigerator overnight to solidify. On the next day, the cells of 
each group that had been transfected in a 6‑well plate were 

digested and centrifuged. A total of 1x105 cells were seeded 
into the upper chambers (coated in Matrigel) in serum‑free 
medium. The 24‑well plates were filled with 600 µl of DMEM 
containing 20% FBS as a chemo‑attractant. After the plates 
were incubated at 37˚C for 24 h, the non‑invasive cells above 
the chamber were gently wiped with a wet cotton swab. The 
cells below the chamber were fixed with 4% paraformaldehyde 
for 30 min, stained with 0.1% crystal violet for 20 min, and 
then counted under an optical microscope (40x magnification). 
Each set was repeated at least three times.

Analysis of cell apoptosis and cell cycle distribution. The cells 
were seeded in 6‑well plates at 5x105 cells/well. After transfection 
with siRNA for 24 h, SW480 and HCT116 cells were harvested. 
Cycle and apoptosis kits (MultiSciences, China) were used to 
detect apoptosis and cell cycle distribution of the SW480 and 
HCT116 cells according to the manufacturers' instructions. The 
cell cycle distribution and apoptosis rate were analyzed using a 
flow cytometer (Beckman CytoFLEX FCM). Specific methods 
were carried out according to our previous experiments (24).

Methylation specific PCR (MSP). DNA was extracted 
using TIANamp Genomic DNA Kit (Tiangen Biotech Co.). 
Sodium bisulfite treatment was performed using an EZ 
DNA Methylation Kit (Zymo Research). The regions of the 
methylated SFRP1, SFRP2, SFRP4, and SFRP5 promoters 
by MSP analysis were chromosome 8 (41309333‑41309459, 
length: 126 bp), chromosome 4 (153788916‑153789054, length: 
138 bp), chromosome 7 (37916853‑37916965, length: 112 bp) 
and chromosome 10 (97772023‑97772159, length: 136 bp), 
respectively. The sequence information of the SFRP primers 
used in the MSP experiments are shown in Table I.

Statistical analysis. The correlation between SFRP expression 
and its methylation were confirmed by Pearson correlation 

Table I. SFRP primer sequence information for MSP experiments.

Gene name	 Primer sequence

SFRP1(U)	 F:	5'‑GTTTTGTAGTTTTTGGAGTTAGTGTTGTGT‑3'
	 R:	5'‑CCTACGATCGAAAACGACGCGAACG‑3'
SFRP2(U)	 F:	5'‑TTTTGGGTTGGAGTTTTTTGGAGTTGTGT‑3'
	 R:	5'‑AACCCACTCTCTTCACTAAATACAACTCA‑3'
SFRP4(U)	 F:	5'‑GGGGGTGATGTTATTGTTTTTGTATTGAT‑3'
	 R:	5'‑CACCTCCCCTAACATAAACTCAAAACA‑3'
SFRP5(U)	 F:	5'‑GTAAGATTTGGTGTTGGGTGGGATGTTT‑3'
	 R:	5'‑AAAACTCCAACCCAAACCTCACCATACA‑3'
SFRP1(M)	 F:	5'‑TGTAGTTTTCGGAGTTAGTGTCGCGC‑3'
	 R:	5'‑CCTACGATCGAAAACGACGCGAACG‑3'
SFRP2(M)	 F:	5'‑GGGTCGGAGTTTTTCGGAGTTGCGC‑3'
	 R:	5'‑CCGCTCTCTTCGCTAAATACGACTCG‑3'
SFRP4(M)	 F:	5'‑GGGTGATGTTATCGTTTTTGTATCGAC‑3'
	 R:	5'‑CCTCCCCTAACGTAAACTCGAAACG‑3'
SFRP5(M)	 F:	5'‑AAGATTTGGCGTTGGGCGGGACGTTC‑3'
	 R:	5'‑ACTCCAACCCGAACCTCGCCGTACG‑3'

MSP, methylation specific PCR; U, unmethylated; M, methylated; SFRP, secreted 
frizzled related protein.
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coefficients. The data presented in the text and figures were 
analyzed using one‑way analysis of variance (ANOVA) with 
a Bonferroni correction. Data are presented as the mean stan‑
dard ± deviation. Statistical analyses were performed using 
SPSS 22.0 (IBM Corp). A P‑value of <0.05 was considered as 
indicative of statistical significance.

Results

Expression of SFRP, MBD2, and EZH2 in colorectal tumor 
tissues and cells. The TCGA database (including 275 colorectal 
tumor tissues and 349 normal tissues) demonstrated that the 
expression of SFRP1, SFRP2, and SFRP5 genes were lower 
in CRC tissues compared (COAD, colon adenocarcinoma; 
READ, rectum adenocarcinoma) to that in the corresponding 
paratumorous normal tissue (Fig.  1A,  B  and  D), whereas 
EZH2 and SFRP4 expression levels were higher in the 
tumor tissue than levels in the matching normal colorectal 
tissues (Fig.  1C  and  E). Furthermore, the expression of 
SFRP1, SFRP2, SFRP4, and SFRP5 genes were all lower in 
the CRC cell lines than that noted in the normal colorectal 
mucosal cells (NCM460) (Fig. 1G). However, the expression 
levels of MBD2 and EZH2 were much higher in the CRC 
cells rather than in normal colorectal mucosal epithelial cells 
(NCM460) (Fig. 1F).

Correlation between SFRP gene expression and promoter 
methylation in colorectal tumors. MethHC online database 
confirmed the greater degree of SFRP1, SFRP2, SFRP4, 
and SFRP5 promoter methylation in tumor tissue compared 

with that noted in the paired normal samples (Fig. 2A‑D). In 
colorectal tumors, the expression of SFRP1 and SFRP2 genes 
were inversely proportional to the degree of promoter methyla‑
tion (Fig. 2E and F, P<0.05). However, the expression of SFRP4 
and SFRP5 genes exhibited no obvious relationship with the 
degree of promoter methylation (Fig. 2G and H, P>0.05).

Determination of the transfection efficiency of si‑MBD2 and 
si‑EZH2. Twenty‑four hours after transfection, the interfer‑
ence efficiency of siRNA‑EZH2‑1952, siRNA‑EZH2‑2196, 
s i R N A ‑ E Z H 2 ‑ 4 8 8  a n d  s i R N A ‑ M B D 2 ‑ 0 0 1 , 
siRNA‑MBD2‑002, siRNA‑MBD2‑003 was detected by 
qPCR. The results showed that siRNA‑EZH2‑2196 and 
siRNA‑MBD2‑001 performed the best in both SW480 and 
HCT116 cell lines (Fig. 3A‑D). Moreover, it was further verified 
that siRNA‑EZH2‑2196 and siRNA‑MBD2‑001 had the best 
interference efficiency at the protein level (Fig. 3E). Therefore, 
we selected these siRNAs for subsequent experiments.

Effects of MBD2 and EZH2 knockdown on CRC cell 
migration. In order to detect the effect of MBD2 and EZH2 
on the migratory ability of CRC cells, a scratch wound 
assay was used to detect the wound healing of SW480 and 
HCT116 cells in which MBD2 and EZH2 knockdown was 
conducted separately or simultaneously. Following 24 h of 
wounding in the SW480 cells, knockdown of either MBD2 or 
EZH2 significantly inhibited cell migration when compared 
with the negative control (si‑NC) group (Fig. 4A and C). 
Furthermore, knockdown of both MBD2 and EZH2 simul‑
taneously inhibited cell migration more effectively, which 

Figure 1. Expression levels of SFRPs, MBD2 and EZH2 in colorectal tumor tissues and cells. The expression of SFRP1, (A) SFRP2, (B) SFRP4, (C) SFRP5 
(D) and EZH2 (E) in TCGA and GTEx database [COAD: Tumor=275, Normal=349 (41 from TCGA database); READ Tumor=92, Normal=318 (10 from TCGA 
database)]. The mRNA expression of MBD2, EZH2 (F) and SFRPs (G) in normal colorectal epithelial cells (NCM460) and colorectal tumor cell lines (SW480, 
HCT116, HT29 and DLD1) was detected by qPCR. COAD, colon adenocarcinoma; READ, rectum adenocarcinoma; COAD num(T)=275; num(N)=349; 
READ num(T)=92; num(N)=318. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 vs. normal colonic mucosal tissues or normal colon mucosa cell line (NCM460). 
SFRPs, secreted frizzled related proteins; MBD2, methyl‑CpG binding domain protein 2; EZH2, enhancer of zeste homolog 2.
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was statistically significant compared with the knockdown of 
MBD2 and EZH2, respectively (Fig. 4A and C). Compared 
to the si‑NC group, knockdown of EZH2 or MBD2 decreased 
cell migration following 36 h after wounding in the SW480 
cells (Fig. 4A and D); while knockdown of MBD2 and EZH2 
together significantly inhibited cell migration, which was 
statistically significant compared with the knockdown of 
MBD2 alone (Fig. 4A and D). The migration of HCT116 cells 
following the knockdown of MBD2 and EZH2 separately 
or simultaneously was also decreased compared with the 
si‑NC group 24 h after wounding (Fig. 4B and E). Following 
36 h after wounding in HCT116 cells, compared with the 

si‑NC group, knockdown of MBD2 and EZH2 separately 
or simultaneously inhibited cell migration; however, the 
group with simultaneous knockdown of MBD2 and EZH2 
exhibited inhibition of cell migration to a greater degree 
(Fig. 4B and F). Therefore, wound healing assays showed 
that knockdown of MBD2 and EZH2 inhibited the migration 
of SW480 and HCT116 cells compared to the control group, 
and depletion of MBD2 and EZH2 plays a greater role in 
inhibiting the migration of CRC cells.

Effects of MBD2 and EZH2 on the proliferation and invasion 
of CRC cell lines. CCK‑8 assay was used to detect the effects 

Figure 2. MethHC online database shows the degree of DNA methylation of SFRP promoter and its relationship with gene expression in colorectal tumor and 
normal tissues. The degree of methylation of SFRP1, (A) SFRP2 (B), SFRP4 (C) and SFRP5 (D) promoters in colorectal tumor and normal tissues. Correlations 
between methylation of SFRP1 (E, corr=0.420, P<0.005), SFRP2 (F, corr=0.281, P<0.05), SFRP4 (G, corr=0.046, P>0.05) and SFRP5 (H, corr=0.150, P>0.05) 
promoters and gene expression in colorectal tumor and normal tissues. **P<0.005 vs. normal sample. SFRP, secreted frizzled related protein. 
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of MBD2 and EZH2 on the proliferation of CRC cells. In 
the SW480 cell line (Fig. 5A), the cell proliferation in the 
EZH2‑knockdown group was slower than that noted in the 
si‑NC group at 48 h; yet, knockdown of MBD2 had little effect 
on cell proliferation. However, knockdown of both MBD2 and 
EZH2 significantly inhibited the proliferation of cells, which 
was significantly different following knockdown of MBD2 or 
EZH2 alone. At 72 h, the proliferation of the cells was inhibited 
by knockdown of MBD2 or EZH2, and also was significantly 
inhibited by interference with both MBD2 and EZH2, which 

was significantly different following knockdown of MBD2 or 
EZH2 alone. 

In HCT116 cells (Fig. 5B), knockdown of MBD2 or EZH2 
at 24 h was statistically significant at inhibiting proliferation 
compared with the si‑NC group, and knockdown of EZH2 
at 48 and 72 h inhibited the growth of CRC cells, while knockdown 
of MBD2 resulted in basically the same result as in the si‑NC 
group. Furthermore, knockdown of MBD2 and EZH2 together 
significantly inhibited cell proliferation, which was significantly 
different following knockdown of MBD2 or EZH2 alone.

Figure 3. Transfection efficiency of MBD2 and EZH2 in colorectal tumor cells (SW480 and HCT116). qPCR screening of the most efficient EZH2 interference 
sequence in SW480 (A) and HCT116 (B) cells; qPCR was used to screen the most efficient MBD2 interference sequence in SW480 (C) and HCT116 (D) cells. 
(E) Western blot analysis was used to identify the efficiency of si‑MBD2‑001 and si‑EZH2‑2196 in SW480 and HCT116. *P<0.05, **P<0.01, ***P<0.001 vs. si‑NC. 
MBD2, methyl‑CpG binding domain protein 2; EZH2, enhancer of zeste homolog 2. 
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The impact of MBD2 and EZH2 on CRC cell invasiveness 
was investigated using Matrigel invasion chambers. As shown 
in Fig. 5C‑E, the same results were obtained in both SW480 
and HCT116 cells. That is, compared with the si‑NC group, 
knockdown of EZH2 weakened the invasiveness of CRC cells, 
while knockdown of MBD2 had no significant effect on the 
invasiveness of CRC cells. Yet, knockdown of MBD2 and 
EZH2 simultaneously inhibited the invasiveness of the CRC 
cells, which was significantly different following the knock‑
down of MBD2 or EZH2 alone. The results were consistent 
with the results of the cell proliferation.

Effects of MBD2 and EZH2 silencing on the apoptosis of 
CRC cells. To verify the effect of MBD2 and EZH2 on cell 
apoptosis, we knocked down MBD2 and EZH2 separately or 
simultaneously in SW480 and HCT116 cells and then exam‑
ined apoptosis via flow cytometry. 

As is shown in Fig.  6, in SW480 cells, knockdown of 
MBD2 was able to increase the percentage of early apoptosis 
of the cells compared with the si‑NC group, but there was 
no significant difference between knockdown of EZH2 and 
the si‑NC group. Simultaneously, knockdown of MBD2 and 
EZH2 together increased the percentage of early apoptosis 
of the SW480 cells more significantly. Compared with the 
si‑NC group, knockdown of MBD2 and EZH2 together also 
increased the late apoptosis of CRC cells, but knockdown of 
MBD2 or EZH2 did not affect late apoptosis. Knockdown of 
MBD2 and EZH2 separately and simultaneously increased the 
percentage of total apoptosis of CRC cells, and the percentage 

of total apoptosis of CRC cells by knockdown of MBD2 and 
EZH2 together was significantly higher following knockdown 
of MBD2 or EZH2 alone (Fig. 6I). 

In HCT116 cells, the results indicated that knockdown of 
EZH2 increased the percentage of early apoptosis of CRC 
cells, while knockdown of MBD2 had no significant effect 
on it. Knockdown of both MBD2 and EZH2 increased the 
percentage of early apoptosis of CRC cells, and there was a 
statistical difference compared with the knockdown of either 
MBD2 or EZH2 alone. Knockdown of MBD2 and EZH2 
separately and simultaneously increased the percentage of 
late apoptosis of CRC cells compared with the si‑NC group. 
Moreover, knockdown of MBD2 and EZH2 simultaneously 
increased the percentage of total apoptosis of the CRC cells, 
and the effect was more significant than the group with knock‑
down of EZH2, while there was no significant difference 
compared with the MBD2‑knockdown group (Fig. 6J). 

Effects of MBD2 and EZH2 silencing on the cell cycle 
distribution of CRC cells. As shown in Fig. 7, in SW480 and 
HCT116 cells, knockdown of MBD2 and EZH2 separately or 
simultaneously affected the cell cycle distribution compared to 
the si‑NC group. More cells were arrested at S phase of the cell 
cycle compared with the si‑NC group in the SW480 cell line, 
and there was a significant difference between the group with 
simultaneous knockdown of MBD2 and EZH2 and the groups 
with knockdown of MBD2 or EZH2 alone (Fig. 7I and J). 
While in HCT116 cells, there was a higher percentage of cells 
arrested at the G0/G1 phase of the cell cycle, and the percentage 

Figure 4. Effects of MBD2 and EZH2 knockdown separately or simultaneously on CRC cell migration. Wound healing assay was used to detect knockdown 
of MBD2 and EZH2 separately or simultaneously on (A) SW480 and (B) HCT116 cell migration. The effects of knockdown of MBD2 and EZH2 separately or 
simultaneously on migration of SW480 cells were statistically analyzed following wounding at 24 h (C) and 36 h (D) The effects of knockdown of MBD2 and 
EZH2 separately or simultaneously on migration of HCT116 cells were statistically analyzed following wounding at 24 h (E) and 36 h. (F) *P<0.05, **P<0.01, 
***P<0.001 vs. si‑NC. CRC, colorectal cancer; MBD2, methyl‑CpG binding domain protein 2; EZH2, enhancer of zeste homolog 2. 
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of cells at G0/G1 phase in the group with simultaneous knock‑
down of MBD2 and EZH2 was higher than that in the groups 
with knockdown of MBD2 or EZH2 alone (Fig. 7K and L).

Effect of MBD2 and EZH2 silencing on SFRP gene expression 
in CRC cells. qPCR was used to detect the mRNA expression 
of SFRP before and after knockdown of MBD2 and EZH2. 
As shown in Fig. 8A, in the SW480 cells, the expression of 
SFRP1 was restored by knockdown of MBD2 (P<0.05), while 
the expression levels of SFRP2, SFRP4 and SFRP5 could not 
be restored by knockdown of MBD2 (P>0.05). The expres‑
sion levels of SFRP2, SFRP4 and SFRP5 could be restored by 
knockdown of EZH2, while the expression of SFRP1 could 
not be restored by knockdown of EZH2 (P>0.05), and the 
expression of SFRP1, SFRP2, SFRP4 and SFRP5 could be 
significantly restored by simultaneous knockdown of MBD2 
and EZH2 (P<0.05), which was significantly different from 
the groups with knockdown of MBD2 and EZH2 separately. 
In HCT116 cells (Fig. 8B), the expression levels of SFRP1, 

SFRP2, SFRP4, and SFRP5 were not restored by knockdown 
of EZH2. Knockdown of MBD2 restored the expression of 
the SFRP1 gene (P<0.05), but had no significant effect on the 
expression levels of SFRP2, SFRP4, and SFRP5 (P>0.05). 
However, knockdown of MBD2 and EZH2 markedly restored 
the expression of SFRP1, SFRP2, SFRP4, and SFRP5 (P<0.05), 
which was significantly different from the group with knock‑
down of MBD2 or EZH2 alone (P<0.05). The results indicated 
that the expression levels of SFRP1, SFRP2, SFRP4, and 
SFRP5 could be more effectively restored by knockdown of 
MBD2 and EZH2 together in CRC cells. 

Western blot analysis was used to investigate the effect of 
MBD2 and EZH2 silencing on the expression of SFRP protein 
in CRC cells. As shown in Fig. 8C, in SW480 and HCT116, 
there was no significant difference in the expression of SFRP1, 
SFRP2, SFRP4, and SFRP5 proteins by knockdown of MBD2 
or EZH2 alone compared to the control group, while the 
protein levels of SFRP1 and SFRP4 were significantly restored 
by knockdown of MBD2 and EZH2 together.

Figure 5. Effects of MBD2 and EZH2 on proliferation and invasion of CRC cells. CCK‑8 assay was used to detect the effects of MBD2 and EZH2 on the 
proliferation of SW480 (A) and HCT116 (B) cells. (C) The effects of MBD2 and EZH2 on the invasion of SW480 and HCT116 were detected by Transwell 
assay. Statistical analysis of knockdown of MBD2 and EZH2 on the invasiveness of SW480 (D) and HCT116 (E) cells. *P<0.05, **P<0.01, ***P<0.001 vs. si‑NC. 
CRC, colorectal cancer; MBD2, methyl‑CpG binding domain protein 2; EZH2, enhancer of zeste homolog 2. 
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Effect of MBD2 and EZH2 on promoter methylation of 
SFRP gene in colorectal cancer cells. As shown in Fig. 8D, 
methylation‑specific PCR results showed that following either 
knockdown of MBD2 and EZH2 simultaneously or separately, 
the SFRP1, SFRP2, and SFRP5 promoters were all methyl‑
ated except for partial methylation of the SFRP4 promoter in 
SW480 and HCT116 cells compared with control group. There 
was no significant change in the methylation status of SFRP1, 
SFRP2, SFRP4, and SFRP5 gene promoter between before 
and after interfering with MBD2, EZH2, and both.

Discussion

As a negative regulator of Wnt signaling, the secreted frizzled 
related proteins (SFRPs) can directly block the transmis‑
sion of the Wnt signaling pathway and are downregulated 
in many types of tumors due to hypermethylation of the 

promoter (25‑28). In the present study, we found that SFRP 
genes were downregulated in colorectal tumors by GEPIA 
and MethHC online database, and this was inversely corre‑
lated with hypermethylation of the promoter, indicating that 
hypermethylation of the promoter is an important reason for 
downregulation of SFRP genes.

Methyl‑CpG binding domain protein  2 (MBD2) and 
enhancer of zeste homolog 2 (EZH2) are important members 
of the methylated DNA binding domain (MBD) and polycomb 
group (PcG) protein family, respectively, and play important 
roles in DNA methylation and histone modification. It was 
found that MBD2 recognizes methylated promoters and forms 
transcriptional repressors by recruiting histone deacetylase 
complexes NuRD/Mi‑2 and Sin3A to inhibit gene expres‑
sion  (17,18,29). EZH2 as the main effector component of 
the PcG protein family, can recruit DNMT1, DNMT3A and 
DNMT3B to the promoter region of the target gene and binds 

Figure 6. Effect of the knockdown of MBD2 and EZH2 on the apoptosis of CRC SW480 and HCT116 cells. Flow cytometry was used to detect the effect of the 
knockdown of MBD2, (A) EZH2, (B) MBD2 and EZH2 (C) and control group si‑NC (D) on apoptosis of SW480 cells. Flow cytometry was used to detect the 
effect of the knockdown od MBD2, (E) EZH2, (F) MBD2 and EZH2 (G) and control group si‑NC (H) on apoptosis of HCT116 cells. Statistical analysis of the 
knockdown of MBD2 and EZH2 on the percentage of apoptotic cells of SW480 (I) and HCT116. (J) *P<0.05, **P<0.01, ***P<0.001 vs. si‑NC. CRC, colorectal 
cancer; MBD2, methyl‑CpG binding domain protein 2; EZH2, enhancer of zeste homolog 2. 
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to the gene promoter to maintain the stability of the gene 
promoter methylation, causing chromatin contraction and 
RNA polymerase II function pause (13). Therefore, MBD2 and 
EZH2 may be important molecules regulating the expression 
of SFRP genes in colorectal tumors.

Studies have found that MBD2 has been linked to disease 
such as immune system function and tumorigenesis (17,30,31), 
while EZH2 is closely related to tumor migration  (32), 
proliferation (15), and invasion (33), and may be an important 
target for tumor treatment (34,35). The Comet team summed 
up the role of EZH2 in tumors, and found that EZH2 has 
the characteristics of promoting and suppressing cancer, 
indicating that the relationship between EZH2 and tumors is 
highly controversial (36). In our study, downregulating EZH2 
was able to inhibit tumor cell proliferation and invasion, but 
downregulation of MBD2 did not affect it, and simultaneous 
knockdown of MBD2 and EZH2 significantly inhibited the 

migration, proliferation and cell cycle progression of colorectal 
tumor cells and increased apoptosis, indicating that MBD2 
can enhance the biological function of EZH2 in CRC cells. 
Further studies have shown that blocking MBD2 in colorectal 
tumor cells can restore SFRP1 gene expression, but cannot 
restore SFRP2, SFRP4, and SFRP5 expression, indicating 
that MBD2 may have different regulatory mechanisms for 
different member genes of the same gene family. In addition, 
the expression of SFRP2, SFRP4, and SFRP5 in SW480 cells 
could be restored by blocking EZH2, while the expression 
of SFRP2, SFRP4 and SFRP5 in HCT116 cells could not 
be restored, indicating that EZH2 has different regulatory 
mechanisms for SFRP gene expression in different stages of 
tumor, and may have cell specificity. Furthermore, knockdown 
of both MBD2 and EZH2 could remarkably restore the expres‑
sion of SFRP1, SFRP2, SFRP4, and SFRP5, indicating that 
MBD2 and EZH2 have synergistic effects in regulating SFRP 

Figure 7. Effects of MBD2 and EZH2 on cell cycle distribution of CRC SW480 and HCT116 cells. Flow cytometry was used to detect the cell cycle distribution 
following knockdown of MBD2, (A) EZH2, (B) MBD2 and EZH2 (C) and control group si‑NC (D) in SW480 cells. Flow cytometry was used to detect the cell 
cycle distribution following knockdown of MBD2, (E) EZH2, (F) MBD2 and EZH2 (G) and control group si‑NC (H) in HCT116 cells. Histogram showing the 
effects of the knockdown of MBD2 and EZH2 on the cell cycle distribution of SW480 (I) and HCT116 (K) cells. Statistical analysis was performed to analyze 
the effect of the knockdown of MBD2 and EZH2 separately and simultaneously on the S phase of the cell cycle in SW480 (J) and on the G0/G1 phase of the 
cell cycle in HCT116 (L) cells. **P<0.01, ***P<0.001 vs. si‑NC. CRC, colorectal cancer; MBD2, methyl‑CpG binding domain protein 2; EZH2, enhancer of 
zeste homolog 2. 
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gene expression. The results of methylation‑specific PCR 
showed that the promoter methylation status of SFRP did not 
change before and after the knockdown of MBD2 and EZH2 
separately or simultaneously. Taken together, MBD2 recog‑
nizes and binds to methylated CG in the MBD domain of the 
SFRP gene promoter, recruits histone deacetylase complexes 
NuRD/Mi‑2 and Sin3A to form transcriptional repressors, and 
promotes local chromatin condensation, and to exert the func‑
tion of transcriptional inhibition (18). Therefore, this effect can 
be enhanced by EZH2, which also has chromatin remodeling. 
Silencing of MBD2 and EZH2 together can block the action 
of histone deacetylase, alleviate the inhibition of chromatin, 
and help restore gene expression. This phenomenon can 
explain the synergistic effect of blocking MBD2 and EZH2 in 
restoring SFRP gene expression and the biological function of 
colorectal tumors.

However, our previous studies have shown that histone 
deacetylation is not the main mechanism of SFRP gene 
silencing. Inhibition of histone deacetylase in colorectal 
cancer cell HCT116 did not restore SFRP expression  (8). 
This mechanism cannot fully explain the role of MBD2 in 
restoring SFRP expression. In combination with the latest 
findings of transcription factor (37), we suspect that there is 
another possibility that transcription factors can still func‑
tion in some way in the state of DNA methylation. MBD2 

binds to methylated DNA and blocks the reaction between 
the transcription factor and methylated DNA. As shown in 
Fig. S1, in normal colorectal cells, the SFRP gene promoter 
is not methylated, the transcription factor that binds to 
unmethylated DNA can bind to the promoter, and SFRP can 
be normally transcribed; in colorectal tumor cells, the SFRP 
gene promoter is methylated, blocking the role of transcrip‑
tion factors that bind to unmethylated DNA. At the same time, 
MBD2, which has more advantages in binding to methylated 
DNA, recognizes and binds to the methylated region of the 
SFRP promoter, preventing transcription factor binding to 
methylated DNA was cut off, leading to complete inactiva‑
tion of the SFRP gene in colorectal tumors; when MBD2 
is blocked in colorectal tumors, the transcription factor that 
bound methylated DNA played its role at this time, and the 
SFRP genes can resume transcription.

This study preliminarily demonstrated the synergistic 
regulation of MBD2 and EZH2 on SFRP gene family 
expression and biological function in colorectal tumor cells. 
Subsequent research will further explore the transcription 
factors involved in the regulation of SFRP gene expression 
and clarify the specific mechanism of DNA methylation regu‑
lation of SFRP expression in colorectal tumors, and provide 
a new theoretical basis for the purpose of treating colorectal 
tumors.

Figure 8. Effects of MBD2 and EZH2 on expression and promoter methylation of SFRP genes in CRC cells. (A and B) Effects of the knockdown of MBD2 
and EZH2 on SFRP mRNA in SW480 (A) and HCT116 (B) cells as detected using qPCR. (C) Effects of the knockdown of MBD2 and EZH2 on the protein 
expression of SFRP proteins in SW480 and HCT116 as detected using western blot analysis. (D) Effects of MBD2 and EZH2 on promoter methylation of 
SFRP genes in SW480 and HCT116 cells. *P<0.05, **P<0.01, ***P<0.001 vs. si‑NC. CRC, colorectal cancer; MBD2, methyl‑CpG binding domain protein 2; 
EZH2, enhancer of zeste homolog 2; SFRP, secreted frizzled related protein. 
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