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Abstract. Enhancer of zeste homolog 2 (EZH2), the critical 
component of polycomb group protein family, has been demon-
strated to be overexpressed in various types of human cancer, 
including hepatocellular carcinoma, breast, bladder and lung 
cancer. The mechanism of how EZH2 promotes oncogenesis 
has also been well studied. However, little is known about the 
role of EZH2 in colorectal cancer (CRC). The main purpose 
of the present study was to analyze the association between 
EZH2 expression and the clinicopathological features of 
CRC. Therefore, the mRNA and protein expression levels 
were analyzed in tumor tissues and adjacent non‑cancerous 
tissues by reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR) and western blot analysis. The expression 
of EZH2 was demonstrated to be significantly increased in 
tumor tissues compared with adjacent noncancerous tissues, 
according to the results of western blot analysis and RT‑qPCR 
in the majority of cases. Patients with low EZH2 expression 
had a longer overall survival rate compared with those with 
high EZH2 expression. An analysis of the association between 
clinicopathological features and EZH2 expression indicated 
that high EZH2 expression was significantly associated with 
tumor stage, tumor size, histological differentiation and lymph 
node metastasis. Multivariate analysis demonstrated that high 
EZH2 expression was an independent predictor of overall 
survival. In conclusion, to the best of our knowledge, the data 
presented in the present study is the first to indicate that EZH2 
is upregulated in CRC and may serve as a predictor of poor 
outcome for patients with CRC.

Introduction

The morbidity of colorectal cancer (CRC) ranks third place 
in males and second place in females worldwide (1). In 2012, 
~1.4  million new cases of CRC were diagnosed, with 
~694,000 CRC‑associated mortalities (2). In previous years, 
the incidence of CRC has continued to increase worldwide, 
particularly in developed countries, accounting for >65% of 
newly diagnosed cases each year (3). The risk factors of CRC 
include lifestyle, inherited genetic disorders, family history 
of colon cancer, exposure to radiation and other diseases, 
such as inflammatory bowel disease, obesity and diabetes (4). 
The treatment for CRC includes surgery, radiation therapy, 
chemotherapy and targeted therapy (4).

However, CRC remains one of the leading causes of 
cancer‑associated mortality worldwide. The main challenge 
is that patients with CRC are not diagnosed at early stages, 
which results in a poor prognosis, with a 5‑year survival rate 
of 50‑59% (3). However, carcinoembryonic antigen and cancer 
antigen 19‑9 have been widely used as biomarkers for CRC 
diagnosis and have also been shown to efficiently reduce 
the mortality rate of patients with CRC (5,6). Therefore, it is 
critical to identify the molecular markers, which are able to 
monitor or predict the progression and prognosis of patients 
with CRC and to investigate these potential biomarkers as 
therapeutic targets to improve the survival quality of patients.

Previous studies have highlighted the role of chromosome 
structure on the regulation of genome transcriptional status, 
which was frequently observed in diseases, particularly 
cancer (7,8). Enhancer of zeste homolog 2 (EZH2), the key 
component of polycomb repressive complex 2, has a crucial 
role in the regulation of cell proliferation and cell cycle 
through gene repression or histone H3 lysine 27 (H3K27) 
methylation (8). The methyltransferase activity of EZH2 lies 
in the catalytic domain of the C‑terminal, which is also termed 
the SET domain (9). Mutations of the tyrosine 641 (Y641F, 
Y641N, Y641S, Y641C and Y641H) within the SET domain 
results in reduced methylation of unmethylated H3K27 but 
enhanced methylation of the dimethylated version of H3K27 
(H3K27me2), and thus represses the expression of polycomb 
targets  (10). An increasing body of evidence has demon-
strated that a specific cell or its behavior mainly relies on the 
expression and repression of genes (11,12). There is evidence 
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that exogenous expression of EZH2 in mice may lead to the 
development of myeloproliferative disorder  (13). Another 
in vitro study that aimed to investigate the role of EZH2 in 
human breast epithelial cell lines demonstrated that expression 
of EZH2 causes neoplastic transformation of epithelial cells, 
which highlighted that EZH2 may perform an important role 
in cancer (14).

Additional studies have implicated the oncogenic role of 
EZH2 in cancer. The overexpression of EZH2 was shown to 
be associated with the poor prognosis of prostate cancer (15). 
In addition, overexpression of EZH2 in a number of types of 
human cancer, including hepatocellular carcinoma (16), breast 
cancer (17), bladder cancer (18) and melanoma (19), has been 
observed. Furthermore, several independent groups have 
revealed the mechanism of how EZH2 is involved in the devel-
opment and progression of a variety of types of cancer (20). 
However, there is limited knowledge on the expression of 
EZH2 in CRC. In the present study, the expression status of 
EZH2 was analyzed in patients with CRC, and its association 
with the prognosis of CRC was also investigated.

Materials and methods

Cell lines. The noncancerous colon epithelial cell line (HCEC) 
and the two CRC cell lines (HCT‑116 and SW480) used 
in a pre‑experiment were purchased from the Institute of 
Biochemistry and Cell Biology, Chinese Academy of Sciences 
(Shanghai, China). The cells were cultured in complete 
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 
10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.) with 100 µg/ml streptomycin and 100 U/ml penicillin 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) and 
maintained in a humidified incubator (5% CO2, 37˚C).

RNA interference. Knockdown of EZH2 in the CRC cell line 
was accomplished with small interfering RNA (siRNA) duplex 
as previously described  (15). The EZH2 siRNA sequence 
(5'‑AGU​CUC​AUG​UAC​GCT​GAC​UCU​G‑3') was designed by 
Genepharm, Inc. (Sunnyvale, CA, USA) to target the 85‑106 
region of human EZH2. In vitro transient transfection was 
performed as described previously (21).

Generation of EZH2 tyrosine 641 mutation cell line using 
the CRISPR/Cas9 complex. To investigate the effect of EZH2 
Y641 mutations on cell behavior, in vivo gene mutagenesis was 
performed on HCEC cells using CRISPR/Cas9‑based tech-
nology. The guide RNA (gRNA) pairs and donor sequences 
were designed and synthesized by GenScript (Nanjing, China). 
The gRNA was cloned into pSpCas9n‑BB (PX460) according 
manufacturer's recommendations and the sequences were as 
follows: gRNA‑1, 5'‑GGA​TTT​GCA​TGC​TTA​GTA​AC‑3'; and 
gRNA‑2, 5'‑TGC​AGA​AGT​CCA​GGC​TGA​AA‑3'. The donor 
sequences were presented in Table I and cloned into the EcoRV 
site of pUC57 (GenScript).

To generate EZH2 tyrosine 641 mutant cell lines, 
two gRNA constructs along with the donor sequence 
construct were co‑transfected into the HCEC cell line using 
Lipofectamine (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol (22). The transfected 

cells were cultured in the aforementioned conditions with 
the addition of ampicillin (Sigma‑Aldrich; Merck KGaA) as 
a selective marker. Following continuous cultivation under 
the antibiotic selective pressure, several single colonies were 
successfully obtained in every independent experiment aimed 
to obtain tyrosine mutant cell lines. The successful introduc-
tion of tyrosine mutation in EZH2 gene was verified by Sanger 
Sequencing (GenScript).

Cell proliferation assay. The cell proliferation of wild‑type 
cell lines (HCEC, HCT116 and SW480) and the mutant 
cell lines (HCEC/Y641F, HCEC/Y641N, HCEC/Y641S, 
HCEC/Y641C and HCEC/Y641H) were assessed by the 
widely used MTT assay. In brief, the cells in the logarithmic 
growth phase were harvested and the cell density was adjusted 
to ~5x104/ml. A total of 100 µl cell suspension for each cell 
line was seeded onto 96‑well plates with a final cell density 
of ~5,000 cells/well and cultured in the described medium 
and atmosphere. MTT (20 µl; Sigma‑Aldrich; Merck KGaA) 
was added after 24, 48 and 72 h of incubation, followed by 
4 h incubation in the same conditions, and the supernatant was 
then removed by centrifugation (1,000 x g for 10 min at room 
temperature). A total of 150 µl DMSO was added to each well, 
and the plates were oscillated at a lower speed (100 rpm) until 
the crystals fully dissolved. The absorbance of each well was 
measured at a wavelength of 570 nm using Thermo Multiskan 
Spectrum (Thermo Fisher Scientific, Inc.). Each experiment 
was repeated three times under the same conditions.

Clinical patients. A total of 95 patients with CRC who under-
went surgical treatment between March 2009 and June 2011 at 
Guangzhou First People's Hospital (Guangzhou, China) were 
enrolled in the present study. The cohort included 54 males 
and 41 females; age range, 39 to 76 years; average age of 
57.3 years. In addition, none of the patients had received any 
anticancer treatments, including radiation, chemotherapy and 
surgery. The colorectal tissues were surgically removed from 
patients with CRC, and the matched non‑cancerous tissues 
were obtained from the distal edge of the resection ≥5 cm 
from the tumor. The tissues were immediately frozen with 
liquid nitrogen and preserved at ‑80˚C for further experiments. 
According to the tumor‑node‑metastasis (TNM) staging 
system (23), the patients enrolled in the present study were 
classified into stages I‑IV. In addition, the histological grade 
was confirmed by microscopic examination and conducted by 
an independent pathologist. Other clinicopathological data, 
including tumor size, age, sex and distant metastasis were also 
collected (Table II), and the prognostic factors and disease 
progression were retrospectively collected. The present study 
was approved and monitored by the Ethics Committee of 
Guangzhou First People's Hospital, and written consent was 
obtained from all the recruited patients.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA from cell lines and all 95 frozen 
tumor tissues was isolated using the miRNeasy Mini kit 
(Qiagen, Nordrhein‑Westfalen, Germany) according to the 
detailed protocols provided by the manufacturer. The isolated 
mRNA was then treated with DNase (Invitrogen; Thermo 
Fisher Scientific, Inc.), and cDNA was synthesized using 
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the Universal cDNA synthesis kit II (Exiqon A/S, Vedbaek, 
Denmark) according to the manufacturer's protocol.

RT‑qPCR was performed on the ABI PRISM 7300 
sequence detection system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) using SYBR‑Green PCR Master 
mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. To estimate the level 
of EZH2 mRNA expression, GAPDH expression level in the 
corresponding tissue was used an internal control. The primers 
were synthesized by Invitrogen (Thermo Fisher Scientific, 
Inc.), and the sequences were as follows: EZH2 sense, 5'‑TTG​
TTG​GCG​GAA​GCG​TGT​AAA​ATC‑3'; and antisense, 5'‑TCC​
CTA​GTC​CCG​CGC​AAT​GAG​C‑3'; GAPDH sense, 5'‑TGA​
ACG​GGA​AGC​TCA​CTG​G‑3'; and antisense, 5'‑TCC​ACC​
ACC​CTG​TTG​CTG​TA‑3'. The detailed PCR cycling condi-
tions were as follows: Initial denaturation at 95˚C for 10 min, 

followed by 40 cycles of denaturation at 95˚C for 1 min, and 
annealing/extension at 56˚C for 1  min. All samples were 
performed in triplicate and normalized to internal controls. 
The fold‑changes or relative EZH2 expression levels were 
calculated based on the 2‑ΔΔCq method (24). The 75th percentile 
of EZH2 expression level was used as cut‑off value to classified 
the patients into either the overexpressed or underexpressed 
group.

Western blot analysis. All 95 frozen tumor tissues and cellular 
protein samples were isolated using the method described in a 
previously published study (14) with slight modifications. Initially, 
the tissue or cell samples were homogenized with homogenization 
buffer [1 M Tris HCl pH 7.5, 1% Triton X‑100, 1% Nonidet P‑40 
(NP‑40), 10% SDS, 0.5% sodium deocycholate, 0.5 M EDTA, 
10 µg/ml leupeptin, 10 µg/ml aprotinin and 1 M PMSF] and 

Table I. Donor sequences used in this study.

Mutation type	 Sequence

EZH2 Y641F	 ctgaacgatggtcattgcagaggaccaacaccaccaaaaggttttctgtaagacagagattcttatctgctgtataaggaaaacataatgttcatag
	 ccattctcagcagctttcacgttgactgaagctgtgtgcccaattactgccttagaacaaacaggtctgaggatttacagtgatagcttttgttttcattctgtagtc
	 tactttgtccccagtccattttcaccctccttttttgatgatgtgattgtgttttattctctagcatctattgctggcaccatctgacgtggcaggctgggggatttt
	 tatcaaagatcctgtgcagaaaaatgaattcatctcagaaTTGtgtggagaggtaaggcactgataacctgtattcaggtggcattgtatatactaactt
	 tactttattttagattgattttattaggtaagtctgtgggtttgattggaaatgaattgccataaactgccttttcagcctggacttctgcatgtttgtggatttgcatgct
	 tagtaactggattgtgctgggcgcggtggccgactcctgcaatcccagcactttgggaggccgaggcaggtggattgcttgagctcaggagttggagac
	 cagcatgggcaacatggcaagaccccattgctacaaaaaatgcaaaaattagccgggcgtggtggtgcatacttgtagtcccagctacttgggagc
EZH2 Y641N	 ctgaacgatggtcattgcagaggaccaacaccaccaaaaggttttctgtaagacagagattcttatctgctgtataaggaaaacataatgttcatagc
	 cattctcagcagctttcacgttgactgaagctgtgtgcccaattactgccttagaacaaacaggtctgaggatttacagtgatagcttttgttttcattctgtagtc
	 tactttgtccccagtccattttcaccctccttttttgatgatgtgattgtgttttattctctagcatctattgctggcaccatctgacgtggcaggctgggggatttt
	 tatcaaagatcctgtgcagaaaaatgaattcatctcagaaAAGtgtggagaggtaaggcactgataacctgtattcaggtggcattgtatatactaactt
	 tactttattttagattgattttattaggtaagtctgtgggtttgattggaaatgaattgccataaactgccttttcagcctggacttctgcatgtttgtggatttgcatgct
	 tagtaactggattgtgctgggcgcggtggccgactcctgcaatcccagcactttgggaggccgaggcaggtggattgcttgagctcaggagttggagac
	 cagcatgggcaacatggcaagaccccattgctacaaaaaatgcaaaaattagccgggcgtggtggtgcatacttgtagtcccagctacttgggagc
EZH2 Y641S	 ctgaacgatggtcattgcagaggaccaacaccaccaaaaggttttctgtaagacagagattcttatctgctgtataaggaaaacataatgttcatagc
	 cattctcagcagctttcacgttgactgaagctgtgtgcccaattactgccttagaacaaacaggtctgaggatttacagtgatagcttttgttttcattctgtagtc
	 tactttgtccccagtccattttcaccctccttttttgatgatgtgattgtgttttattctctagcatctattgctggcaccatctgacgtggcaggctgggggatttt
	 tatcaaagatcctgtgcagaaaaatgaattcatctcagaaAGUtgtggagaggtaaggcactgataacctgtattcaggtggcattgtatatactaactt
	 tactttattttagattgattttattaggtaagtctgtgggtttgattggaaatgaattgccataaactgccttttcagcctggacttctgcatgtttgtggatttgcatgct
	 tagtaactggattgtgctgggcgcggtggccgactcctgcaatcccagcactttgggaggccgaggcaggtggattgcttgagctcaggagttggagac
	 cagcatgggcaacatggcaagaccccattgctacaaaaaatgcaaaaattagccgggcgtggtggtgcatacttgtagtcccagctacttgggagc
EZH2Y641C	 ctgaacgatggtcattgcagaggaccaacaccaccaaaaggttttctgtaagacagagattcttatctgctgtataaggaaaacataatgttcatagc
	 cattctcagcagctttcacgttgactgaagctgtgtgcccaattactgccttagaacaaacaggtctgaggatttacagtgatagcttttgttttcattctgtagtc
	 tactttgtccccagtccattttcaccctccttttttgatgatgtgattgtgttttattctctagcatctattgctggcaccatctgacgtggcaggctgggggatttt
	 tatcaaagatcctgtgcagaaaaatgaattcatctcagaaTGCtgtggagaggtaaggcactgataacctgtattcaggtggcattgtatatactaactt
	 tactttattttagattgattttattaggtaagtctgtgggtttgattggaaatgaattgccataaactgccttttcagcctggacttctgcatgtttgtggatttgcatgct
	 tagtaactggattgtgctgggcgcggtggccgactcctgcaatcccagcactttgggaggccgaggcaggtggattgcttgagctcaggagttggagac
	 cagcatgggcaacatggcaagaccccattgctacaaaaaatgcaaaaattagccgggcgtggtggtgcatacttgtagtcccagctacttgggagc
EZH2 Y641H	 ctgaacgatggtcattgcagaggaccaacaccaccaaaaggttttctgtaagacagagattcttatctgctgtataaggaaaacataatgttcatagc
	 cattctcagcagctttcacgttgactgaagctgtgtgcccaattactgccttagaacaaacaggtctgaggatttacagtgatagcttttgttttcattctgtagtc
	 tactttgtccccagtccattttcaccctccttttttgatgatgtgattgtgttttattctctagcatctattgctggcaccatctgacgtggcaggctgggggatttt
	 tatcaaagatcctgtgcagaaaaatgaattcatctcagaaCACtgtggagaggtaaggcactgataacctgtattcaggtggcattgtatatactaactt
	 tactttattttagattgattttattaggtaagtctgtgggtttgattggaaatgaattgccataaactgccttttcagcctggacttctgcatgtttgtggatttgcatgct
	 tagtaactggattgtgctgggcgcggtggccgactcctgcaatcccagcactttgggaggccgaggcaggtggattgcttgagctcaggagttggagac
	 cagcatgggcaacatggcaagaccccattgctacaaaaaatgcaaaaattagccgggcgtggtggtgcatacttgtagtcccagctacttgggagc

Bold letters indicate nuclotide sequence used to obtain the mutant type of EZH2.
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centrifuged at 10,000 x g for 30 min at 4˚C. The protein concen-
tration was determined using the standard Bradford method.

Total protein (50 µg) was loaded to each lane of a 10% 
SDS‑PAGE gel and transferred to a nitrocellulose membrane. 
The membranes were then blocked with 5% fat‑free milk in 
PBS for ~2 h at room temperature and incubated with anti-
bodies against EZH2 (cat. no. 4905; dilution, 1:1,000; Cell 
Signaling Technology, Inc., Danvers, MA, USA) and GAPDH 
(cat. no. 2118; dilution, 1:1,000; Cell Signaling Technology, 
Inc.) in PBS containing 5% milk for ~1 h at room temperature. 
The membranes were washed three times with PBS buffer 
and then incubated with horseradish peroxidase‑conjugated 
secondary antibodies (cat. no.  7074; dilution, 1:500; Cell 
Signaling Technology, Inc.) for 1 h at room temperature. The 
specific band was developed using an enhanced chemilumi-
nescence reagent (ECL reagent; NEN Life Science Products; 
PerkinElmer, Inc., Waltham, MA, USA) in a gel imaging 
system (ImageQuant 300/RT ECL; GE Healthcare, Chicago, 
IL, USA). The band was analyzed using an Image J 1.37 soft-
ware (National Institutes of Health, Bethesda, MA, USA). A 
total of three independent experiments were performed.

Immunohistochemical analysis. To visualize the localization 
of EZH2 in tumor tissues obtained from patients with CRC, 
immunohistochemical staining was performed. The tissues 
were fixed in 4% (v/v) formalin at 4˚C for 48 h and embedded 
in paraffin, and dewaxed in xylene and rehydrated in graded 

ethanol solutions (100, 95, 90, 80, 70 and 50%). Antigen 
retrieval was performed by immersing sections (5 µm) in 
10 mM citrate buffer (pH 6.0) for between 15 and 20 min at 
95˚C, prior to incubation with 0.3% hydrogen peroxide for 
15 min at room temperature to block endogenous peroxidase 
activity. The sections were incubated with 5% goat serum 
(CWBiotech, Beijing, China) to block the non‑specific binding 
sites at 37˚C for 30 min. The sections were then incubated 
overnight with the anti‑EZH2 antibody (cat. no. 4905; dilution, 
1:100; Cell Signaling Technology, Inc.) at 4˚C. All sections 
were processed using the peroxidase‑anti‑peroxidase method. 
Subsequent to washing, the sections were counterstained with 
hematoxylin for 10  min at room temperature, dehydrated 
and mounted with a coverslip. The Olympus BX61‑32S04 
microscope was used to observe the stained tissues. The 
immunostaining scores for each section were evaluated in a 
blinded manner by two independent pathologists. The staining 
intensity (SI) was scored on a scale of 0 to 3: Negative (0), 
weak positive (1), moderately positive (2), and strongly posi-
tive (3). The percentage of positive cells (PP) was regarded as: 
None (0), <10% (1), 11‑50% (2), 51‑80% (3) and ≥80% (4). The 
product of SI and PP is the Immunoreactive score (0‑12). A 
score of 0‑2 was regarded as low, 3‑12 as positive.

Statistical analysis. Statistical analysis was performed with 
SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). The values 
are presented as the mean ± standard deviation, and P<0.05 
was considered to indicate a statistically significant difference. 
One‑way analysis of variance (ANOVA) followed by Tukey's 
multiple comparisons test was used for the comparison of 
means. The association between EZH2 expression and the 
clinicopathological characteristics was analyzed using χ2 test. 
Survival analysis was performed using the Kaplan‑Meier 
log‑rank test. Univariate and multivariate analyses were 
performed using Cox proportional hazard models.

Results

EZH2 is overexpressed in CRC cell lines. To date, little 
is known about the role of EZH2 in the development and 
progression of CRC, therefore, the levels of EZH2 mRNA 
and protein expression were analyzed in CRC cell lines. A 
total of two CRC cell lines (HCT‑116 and SW480) and one 
normal colon epithelial cell line (HCEC) were selected in the 
present study. RT‑qPCR was performed to estimate the level 
of EZH2 mRNA expression in these cell lines. As shown 
in Fig. 1A, the level of EZH2 expression in the HCT‑116 and 
SW480 cell lines was significantly higher compared with the 
HCEC cell line. In addition, the level of protein expression in 
the aforementioned cell lines harvested in the same conditions 
was analyzed. As with the results obtained from RT‑qPCR, 
the protein expression level of EZH2 in HCT‑116 and SW480 
cells was higher compared with HCEC cells (Fig. 1B). The 
observation that EZH2 expression in CRC cell lines was much 
higher compared with the normal colon epithelial cell line 
(HCEC) indicates that EZH2 may perform an important role 
in the development of CRC.

EZH2 overexpression promotes cell proliferation. To 
further investigate the role of EZH2 overexpression on the 

Table  II. Association between EZH2 expression and clinico-
pathological features of colorectal cancer.

	 EZH2
	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 No. of cases	 High	 Low	 P‑value

Sex				  
  Male	 54	 40	 14	 NS
  Female	 41	 26	 15	
Age, years				  
  ≥50	 49	 34	 15	 NS
  <50	 46	 32	 12	
Tumor size, cm				  
  ≥5 	 63	 48	 15	 0.046
  <5	 32	 18	 14	
Lymph node metastasis 				  
  Absent	 53	 42	 11	 0.041
  Present	 42	 24	 18	
Histological differentiation				  
  Well/moderate	 44	 26	 18	 0.041
  Poor	 51	 40	 11	
Tumor stage				  
  I‑II	 59	 46	 13	 0.021
  III‑IV	 36	 20	 16	

NS, not significant; EZH2, enhancer of zeste homolog 2.
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proliferation of CRC cell lines and normal colon epithelial 
cell line, the cell proliferation rate of HCEC, HCT‑116 and 
SW480 was analyzed using the well‑known MTT assay. The 
results are depicted in Fig. 1C, where the cell proliferation 

rate in the CRC HCT‑116 and SW480 cell lines was markedly 
higher compared with the HCEC cell line, which showed 
that EZH2 overexpression promoted cell proliferation. In 
addition, the cell proliferation rate of HCT‑116 was higher 

Figure 2. Expression of EZH2 variants in HCEC cell lines. (A) Expression of EZH2 variants in HCEC cell lines. (B) MTT assay to determine the cell prolifera-
tion rate of HCEC cell lines containing EZH2 variants. The significance was measured by comparing the HCEC cell lines containing EZH2 variants with 
wild‑type HCEC cell line. ***P<0.001, *P<0.05. NS, not significant; EZH2, enhancer of zeste homolog 2; OD, optical density.

Figure 1. EZH2 expression status in CRC cell lines and normal colon colorectal cell line. (A) Reverse transcription‑quantitative polymerase chain reaction 
analysis of the EZH2 mRNA expression level in CRC HCT‑116 and SW480 cell lines, normal colon colorectal cell line and siRNA‑transfected HCT‑116 
cell line. (B) Western blot analysis of the protein expression of EZH2 in CRC cell lines HCT‑116 and SW480, normal colon colorectal cell line HCEC and 
siRNA‑transfected HCT‑116 cell line. (C) MTT assay to determine the cell proliferation rate of CRC cell lines HCT‑116 and SW480, normal colon colorectal 
cell line HCEC and siRNA‑transfected HCT‑116 cell line. ***P<0.001, **P<0.01. NS, not significant; EZH2, enhancer of zeste homolog 2; CRC, colorectal 
cancer; siRNA, small interfering RNA; OD, optical density.
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compared with SW480 (Fig. 1C), which is consistent with 
comparisons of EZH2 expression level between HCT‑116 and 
SW480 cells.

In addition, the level of EZH2 mRNA and protein 
expression was analyzed in the EZH2‑specific siRNA‑trans-
fected HCT‑116 cell line. The results revealed that EZH2 
expression was downregulated in the siRNA‑transfected  
HCT‑116 cell line compared with the normal HCT‑116 cell 
line (Fig. 1A and B). Importantly, the cell proliferation rate of 
the siRNA‑transfected HCT‑116 cell line was lower compared 
with the wild‑type HCT‑116 cell line. Taken together (Fig. 1C), 
EZH2 overexpression was able to promote cell proliferation 
and the degree of promotion was observed to be associated 
with the level of EZH2 expression.

Effects of EZH2 tyrosine 641 mutations on cell prolifera‑
tion. Multiple studies have demonstrated that EZH2 is easy 
to mutate, particularly in tyrosine 641 (8,10). Notably, muta-
tions in this specific site will affect the activity of EZH2, 
either gain of function or loss of function, and thus bring a 
discrepancy effect on the downstream target genes. In the 
present study, mutagenesis was performed on the tyrosine 
641 of EZH2 using the CRISPR/Cas9‑based gene editing 
technology to introduce Y641F, Y641N, Y641S, Y641C and 
Y641H mutations to EZH2. The gRNA pairs and donor 
sequences were designed according to the instructions 
in previous published studies. The HCEC cell line was 
co‑transfected with The gRNA and donor constructs using 
Lipofectamine and the successful introduction of mutation 
was verified by genome sequencing (data not shown). The 
cell lines containing the desired mutations were termed 
HCEC/Y641F, HCEC/Y641N, HCEC/Y641S, HCEC/Y641C 
and HCEC/Y641H.

The protein expression of the mutant EZH2 in the HCEC 
cell line was then analyzed by western blot analysis. The results 
presented in Fig. 2A demonstrated that the expression level of 
EZH2 variants was almost the same as wild‑type EZH2, which 
indicates that the expression of EZH2 was not affected by the 
point mutation. The cell proliferation rate of HCEC cells with 
the wild‑type EZH2 or mutated EZH2 was then analyzed. 
According to the results shown in Fig. 2B, the cell lines with 
EZH2 mutations had a significantly higher cell proliferation rate 
compared with the wild‑type HCEC cell line (P<0.05), which is 
consistent with previous findings (9). The present study therefore 
provided more support that EZH2 may have an important role 

Figure 3. EZH2 expression status in patients with CRC. (A) EZH2 mRNA expression in patients with CRC. Patients with high EZH2 expression were classi-
fied into overexpressed group and those with low expression were into under‑expressed group (cut‑off value, 0.39). (B) EZH2 protein expression in patients 
with CRC. (C) Immunohistochemical analysis of EZH2 expression in patients with CRC. Images were captured at x200 magnification. ***P<0.001. NS, not 
significant; CRC, colorectal cancer; EZH2, enhancer of zeste homolog 2.

Figure 4. Overall survival rate assessed by Kaplan‑Meier curves. Patients 
with CRC with EZH2 overexpression presented with shorter 5‑year survival 
rates compared with those with EZH2 under‑expression. CRC, colorectal 
cancer; EZH2, enhancer of zeste homolog 2.
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in the malignancy of colorectal cell and is a potential treatment 
target for CRC.

Overexpression of EZH2 in patients with CRC. In addition 
to analyzing the EZH2 expression in CRC cell lines, the 
expression of EZH2 was examined in patients with CRC. In 
total, 95 pairs of tumor tissues and adjacent non‑cancerous 
tissues were obtained from the patients with CRC involved 
in the present study and the expression pattern of EZH2 in 
all the collected tissues was analyzed. Initially, RT‑qPCR 
was performed to analyze the level of EZH2 expression in 
CRC tissues. It was observed that 66 of 95 (69.47%) of the 
cancer tissue samples exhibited high EZH2 expression and 
29 of 95 (30.53%) demonstrated low expression (Fig. 3A). 
Patients with CRC were then classified into overexpressed 
and under‑expressed groups according to the results obtained 
from RT‑qPCR. Furthermore, the protein expression level of 
EZH2 in the archived tumor tissues was analyzed by western 
blot analysis. The results presented in Fig. 3B demonstrated 
that the protein expression level of EZH2 in the overexpressed 
group was higher compared with the under‑expressed group, 
which was consistent with the mRNA expression results 
obtained from RT‑qPCR.

Immunohistochemical staining was performed to 
analyze the expression of EZH2 in the CRC tissues in 
addition to RT‑qPCR and western blot analysis. The results 
shown in  Fig.  3C demonstrated that the level of EZH2 

expression as detected by immunohistochemical staining 
in the samples from the overexpressed group was higher 
compared with the under‑expressed group. These results 
demonstrated that EZH2 was highly expressed in patients 
with CRC.

Clinical significance of EZH2 expression in CRC. The asso-
ciation between EZH2 expression in patients with CRC and 
the different clinicopathological characteristics was analyzed 
(Table II). High EZH2 expression was significantly associated 
with tumor stage (P=0.021), tumor size (P=0.046), histo-
logical differentiation (P=0.041) and lymph node metastasis 
(P=0.041), respectively. The overall survival (OS) rate of the 
patients from overexpressed and under‑expressed groups was 
examined using the log‑rank test. As a result, a statistically 
significant difference was observed between these two groups 
(P=0.016; Fig. 4). The 5‑year OS rates for the overexpressed 
group and under‑expressed group were 32.08 and 50.68%, 
respectively, indicating that the patients with low EZH2 
expression had a longer survival expectation compared with 
the patients with high expression.

EZH2 overexpression is associated with poor prognosis in 
CRC. Univariate analysis and multivariate analysis were 
performed to examine the association of clinicopathological 
characteristics, including EZH2 expression, age, sex, tumor 
size, lymph node metastases, histological differentiation, 
TNM stage with the survival of patients with CRC. It was 
concluded that tumor size, tumor stage, lymph node metas-
tases, histological differentiation and EZH2 expression level 
could be reconsidered as independent prognosis factors for 
patients with CRC (Table III). The present study demonstrates 
the importance of EZH2 expression in the development and 
progression of CRC.

Discussion

An increasing number of studies have indicated that the chro-
mosome structure is a key factor to regulate the development 
and progression of various types of human cancer (10). EZH2 
has long been recognized as the most important participant 
to induce histone H3 lysine 27 (H3K27) methylation  (7). 
Clinical study data has shown the oncogenic role of EZH2 
in several types of human cancer including breast cancer 
and ovarian cancer (14,25). Notably, an in vitro experiment 
involving the EZH2 inhibitor in prostate cancel models 
demonstrated that EZH2 inhibitor was able to significantly 
increase death of mouse and human prostate cancer cells (26). 
Furthermore, in a preclinical study aimed to investigate the 
treatment function of EZH2 inhibitor on non‑small cell lung 
cancer, researchers found the EZH2 inhibitor had differing 
effects depending on the mutations present (27). Although the 
development of EZH2 inhibitor is at an early stage, it provides 
a new potential strategy for cancer treatment (28,29).

However, little is known about the role of EZH2 expres-
sion in CRC and, to the best of our knowledge, this is the first 
study reported to investigate the expression status of EZH2 
in CRC and also its role in the development and progres-
sion of CRC. The expression status of EZH2 in CRC and 
normal colon epithelial cell lines was examined with siRNA 

Table  III. Univariate analysis and multivariate analyses of 
overall survival in patients with colorectal cancer.

A, Univariate analysis

Variables	 HR	 95% CI	 P‑value

EZH2 expression	 2.872	 1.204‑6.349	 0.009
Age	 2.142	 0.936‑4.898	 0.071
Sex	 1.983	 0.851‑4.619	 0.113
Tumor size	 2.290	 1.019‑5.148	 0.045
Lymph node metastases	 2.297	 1.022‑5.164	 0.044
Histological differentiation	 2.448	 1.107‑5.414	 0.027
Tumor stage	 2.717	 1.209‑6.108	 0.016

B, Multivariate analysis

Variables	 HR	 95% CI	 P‑value

EZH2 expression	 2.625	 1.204‑5.722	 0.015
Age	‑	‑	‑  
Sex	‑	‑	‑  
Tumor size	 2.499	 1.128‑5.537	 0.024
Lymph node metastases	 2.485	 1.122‑5.505	 0.025
Histological differentiation	 2.551	 1.168‑5.573	 0.019
Tumor stage	 2.737	 1.270‑5.900	 0.010

HR, hazard ratio, CI, confidence interval; EZH2, enhancer of zeste 
homolog 2.
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transfection. It was observed that the expression level of EZH2 
was significantly higher in CRC cell lines compared with the 
normal colon epithelial cell line. The EZH2 expression in the 
siRNA‑transfected HCT‑116 was lower compared with the cell 
line without transfection. In addition, the cell proliferation rate 
of the CRC cell lines and normal colon epithelial cell line used 
in the present study was analyzed. Furthermore, the cell prolif-
eration rate of CRC cell lines was higher compared with the 
normal colon epithelial cell line and the siRNA‑transfected 
CRC cell line, which indicated that EZH2 overexpression 
may promote cell proliferation. Furthermore, the specified 
mutation in the tyrosine 641 of EZH2 was introduced using 
CRISPR/Cas9‑based genome editing system. Consistent with 
the previous results (10), it was shown that the EZH2 Y641F, 
Y641N, Y641S, Y641C and Y641H mutations may increase 
the activity of EZH2. These in vitro results indicated that 
EZH2 may perform an important role in the development and 
progression of CRC.

Finally, the expression of EZH2 was investigated in 
patients with CRC and its role on the prognosis of patients 
with CRC was examined. Initially, it was verified that high 
EZH2 expression was observed in patients with CRC through 
examining the EZH2 expression in tumor tissues obtained 
from the patients with CRC using RT‑qPCR, western blot 
analysis and immunohistochemistry approaches. These find-
ings were consistent with the results obtained from analysis 
of EZH2 expression in CRC cell lines and normal colon 
epithelial cell line. Furthermore, the association of EZH2 
expression with other clinical characteristics collected 
from the patients with CRC was analyzed and the results 
indicated EZH2 overexpression was associated with tumor 
stage, tumor size, histological differentiation and lymph 
node metastasis, which suggest that EZH2 overexpression 
is associated with tumor progression. In addition, the 5‑year 
survival rate comparisons between the patients with CRC 
with high EZH2 expression and those with low expression 
revealed that the patients with high EZH2 expression had 
a shorter survival estimate, which provide further support 
that EZH2 overexpression is associated with poor outcomes 
in patients with CRC. Multivariate analyses revealed 
that EZH2 overexpression was an independent factor for 
prediction of prognosis of patients with CRC. Additionally, 
increased EZH2 expression, tumor size, tumor stage, lymph 
node metastases and histological differentiation are also 
considered to be independent factors for poor prognosis of 
CRC.

In conclusion, the in vitro and in vivo studies in the present 
study demonstrated that EZH2 was overexpressed in patients 
with CRC. The overexpression of EZH2 was an independent 
biomarker for the poor outcome of patients with CRC. The 
results indicated that EZH2 has potential value as a therapeutic 
target in patients with CRC in the future. However, more 
in vitro and in vivo studies are required to identify the down-
stream target genes in CRC to improve the understanding of 
the biological role of EZH2 in CRC.
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