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Abstract
AIM: To investigate the role of enhancer of zeste ho-
mologue 2 (EZH2) and STAT6 immunohistochemistry 
in the evaluation of clinical stages and prognosis of 
colorectal cancer (CRC). 

METHODS: The expression patterns were examined 
by immunohistochemistry in both tumor and adjacent 
non-neoplastic tissues of 119 CRC patients who under-
went operation during the time period from 2002 to 
2004. 

RESULTS: The positive rates of EZH2 and STAT6 in 
CRC cases were 69.7% (83 of 119) and 60.5% (72 
of 119), respectively, and there was significant differ-
ence when compared with tumor adjacent non-neo-
plastic tissues (P < 0.05). In all CRC cases, patients 

with EZH2-positive, or STAT6-positive expression had 
lower survival rates than those with EZH2-negative 
or STAT6-negative expression (P  = 0.002 and P  = 
0.005, respectively). Co-expression of EZH2 and STAT6 
showed significantly higher levels in CRC cases of high 
clinical TNM stages (P  = 0.001), and the expression of 
STAT6 was also correlated with lymph node metasta-
sis and distant metastasis (P  = 0.001 and P  = 0.016, 
respectively). Multivariate analysis revealed that EZH2 
expression was an independent prognostic indicator of 
CRC (P  = 0.039).

CONCLUSION: EZH2 and STAT6 expressions have 
significant values in distinguishing clinical stages of 
CRC and predicting the prognosis of the patients. 
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INTRODUCTION
Colorectal cancer is the third most common cancer, and 
the second leading cause of  death from cancers in the 
United States[1]. Many Asian countries, including China, 
Japan, South Korea, and Singapore, have experienced an 
increase of  2-4 times in the incidence of  CRC during the 
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past few decades[2]. To reduce the mortality and improve 
treatment, a number of  studies have been performed to 
search for tumor biomarkers, especially for those highly 
correlated with both staging and prognosis that can help 
not only predict patients’ survival, but also lead to opti-
mal therapeutic project. 

EZH2 is a member of  the polycomb group of  genes 
(PcG), which is important for transcriptional regulation 
through nucleosome modification, chromatin remodeling, 
and interaction with other transcription factors[3]. EZH2, 
also called histone lysine methyltransferase (HKMT), has 
the function of  methylating lysine 9 and 27 of  histone 
H3, which consequently leads to the repression of  tar-
get gene expression. Furthermore, dysregulation of  this 
gene silencing mechanism may lead to cancer[4,5]. Recently, 
EZH2 has been investigated as a potential molecular 
biomarker for the diagnosis and prognosis of  prostate 
cancer by Varambally et al[6], using cDNA microarray 
analysis. Overexpression of  EZH2 has been observed in 
the most aggressive forms of  prostate cancer, exhibiting 
a correlation with poor clinical outcome, thus acting as a 
novel marker of  aggressiveness and unfavorable progno-
sis in this type of  cancer. A causal effect between EZH2 
up-regulation and poor prognosis was also observed in 
human gastric cancers[7]. However, there have been few 
reports of  EZH2 expression in CRC, and its relationship 
with clinicopathological characteristics or prognostic value 
is yet unclear.

Like other members of  the signal STAT (transcrip-
tional activation by signal transducer and activator of  
transcription) family of  proteins, STAT6 has a dual role 
as a signaling molecule and transcription factor. STAT6 
is activated in response to interleukin (IL)-4 and IL-13 
stimulation, and plays a key role in Th2 polarization of  
the immune system[8]. Recently, the STAT6 signaling 
pathway was found to be highly activated in some tu-
mors, such as prostate cancer, mammary carcinoma and 
lymphoma[9-11]. In addition, a close correlation between 
IL-4/STAT6 activities and apoptosis and metastasis 
of  colon cancer was reported by Li et al[12] in a study 
using STAT6-high and STAT 6-null colon cancer cell 
lines to analyze anti-apoptotic and pro-metastatic genes 
expression. Nevertheless, there have been no studies 
investigating the clinicopathological features and prog-
nosis of  CRC in relation to STAT6 expression. In this 
study, we analyzed the expression of  EZH2 and STAT6 
in biopsied CRC tissues to determine their relationship 
with clinicopathological features and clinical outcome of  
CRC patients.

MATERIALS AND METHODS
Patient and follow-up
A group of  119 consecutive patients with CRC were 
studied. All patients were diagnosed and treated in the 
Beijing People’s Hospital between December 2002 and 
June 2004. There were 74 men and 45 women with a 
mean age of  62.2 ± 12.8 years (range 25-89 years). No 

patient had received preoperative chemotherapy or ra-
diotherapy. All of  the patients were followed up by direct 
evaluation or phone interview until death or December 
2008. This study was approved by the Ethics Committee 
of  People’s Hospital, Peking University.

Tissue samples and tissue array
Core tissue biopsies (2 mm in diameter) were taken from 
Formalin fixed paraffin-embedded tumor samples and 
adjacent non-neoplastic tissues. These blocks were ar-
ranged in a new recipient paraffin block (tissue array 
block) using a commercially available micro-array instru-
ment (Beecher Instruments, Micro-Array Technologies, 
Silver Spring, MD). Two cores were sampled from each 
case. From the 119 tumor samples and adjacent non-
neoplastic tissues, 11 tissue array blocks were prepared, 
each containing 10-12 tumor and adjacent non-neoplas-
tic sample cores. To qualify for this study, a case needed 
to have a tumor occupying more than 10% of  the core 
tissue area. Clinical and pathological information for this 
group of  patients was obtained by review of  histopatho-
logical reports and medical records.

Immunohistochemistry
Eleven paraffin-embedded blocks of  tissue arrays were 
cut into 4-mm sections. The sections were put in the 
oven at 59℃ for 1h, deparaffinized in xylene, rehydrated 
in a graded ethanol series, and treated with 3% hydrogen 
peroxide solution for 10 min. Antigen retrieval was done 
by microwaving the tissue in 10 mmol/L citric acid buf-
fer for 10 min, then cooling to room temperature for 1 h. 
The sections were incubated with an anti-EZH2 mono-
clonal antibody (1:500, Invitrogen), and an anti-STAT6 
monoclonal antibody (1:100, Abcam) overnight at 4℃. 
Primary antibodies were detected using the Powervision 
two-step histostaining reagent (Zhongshan, Beijing), 
with PV-6001 as the secondary antibody and detection 
was performed by diaminobenzidine (DAB) chromogen-
ic reaction. Tissues were counterstained with hematoxy-
lin, 1% hydrochloric acid of  alcohol, dehydrated with 
graded ethanols, and mounted. Positive and negative im-
munohistochemical controls were included. Two experi-
enced pathologists independently examined EZH2 and 
STAT6 staining while blinded to the clinicopathological 
data and clinical outcomes of  the patients. Cases with > 
30% positive tumor cells in a section were recorded as 
having positive expression. As negative controls, samples 
were stained with only secondary antibody. A total of  
119 cases were used for data analysis.

Statistical analysis
All data were analyzed using SPSS 11.0 software. The as-
sociation of  EZH2 and STAT6 expression with various 
clinicopathological features was analyzed using χ2 test. 
Cumulative survival was estimated by the Kaplan-Meier 
method and differences between survival curves were 
analyzed by log-rank test. The influence of  each variable 
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on survival was analyzed by multivariate analysis using 
the Cox proportional hazard model. Differences with P 
< 0.05 were considered statistically significant.

RESULTS
EZH2 and STAT6 expression 
Positive and negative staining of  EZH2 and STAT6 are 
illustrated in Table 1. The positive rates of  EZH2 and 
STAT6 were 69.7% (83 of  119) and 60.5% (72 of  119), 
respectively in CRC cases, and there was an obvious 
difference when compared with tumor adjacent non-
neoplastic tissues (P < 0.05). We observed that EZH2 
expression was mainly present in the nuclei in most of  
the cases, and EZH2 immunoreactivity was found not 
only in the nuclei but also in the cytoplasm in a few CRC 
samples (8 of  110). STAT6 expression was mostly de-
tected in the cytoplasm, and at cell membranes in some 
cases (Figure 1). 

The expression of  EZH2 in CRC samples was sig-
nificantly correlated with more malignant phenotypes, 
including TNM classification (P = 0.049), and tumor in-
vasion depth (P = 0.014). The expression of  EZH2 had 
nothing to do with gender, tumor location, differentia-
tion, lymph node metastasis, or distant metastasis. There 
was no significant correlation between cytoplasmic 

EZH2 immunoreactivity and clinicopathological features 
in the CRC carcinoma tissue samples (data not shown).

We found a positive correlation between STAT6 ex-
pression and TNM classification (P = 0.004), and expres-
sion of  STAT6 was significantly associated with lymph 
node metastasis (P = 0.001) and distant metastasis (P = 
0.024). As shown in Table 1, expression of  STAT6 was 
not correlated with other clinicopathological features.

Prognostic implications of EZH2 and STAT6 expression 
in CRC
Tissue biopsies with EZH2-positive cells had a signifi-
cantly lower post-operative survival rate than tissue bi-
opsies with EZH2-negative cells (P = 0.02, Figure 2A). 
The STAT6-positive group also had significantly lower 
survival rates than the STAT6-negative group (P = 0.005, 
Figure 2B). 

On the basis of  the expression profiles of  EZH2 
and STAT6, the 119 patients were categorized into three 
groups: Group A: EZH2-/STAT6- (n = 30); Group B: 
EZH2+/STAT6- or EZH2-/STAT6+ (n = 40); and 
Group C: EZH2+/STAT6+ (n = 59). There were signifi-
cant differences in survival rates between group A and 
one of  the other groups (P = 0.006, Figure 2C). The sur-
vival rate of  group A was significantly higher than that of  
group B (P = 0.008), the survival rate of  group B was not 
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Table 1  Relationship between EZH2 or STAT6 and clinicopathological features

Cases EZH2 expression P STAT6 expression P

EZH2+ EZH2- STAT6+ STAT6-

Tissue
   Non-neoplastic samples 22 97 0.000 50 69 0.004
   Tumor samples 83 36 72 47
Gender
   Female 47 30 17 0.334 24 23 0.089
   Male 72 52 20 48 24
Location
   Colon 90 62 28 0.719 57 33 0.268
   Rectum 29 21 8 15 14
Differentiation
   Poor 21 16   5 0.479 16   5 0.101
   Moderate or well 98 67 31 56 42
TNM classification
   Ⅰ  11   4   7 0.049   3   8 0.004
   Ⅱ 42 29 13 20 22
   Ⅲ 44 35   9 32 12
   Ⅳ 22 15   7 17   5
Depth of wall invasion
   T1   1   1   0 0.014   1   0 0.188
   T2 19   9 10   8 11
   T3 93 71 22 58 35
   T4   6   2   4   5   1
Lymph node metastasis
   No 55 34 21 0.081 25 30 0.001
   Yes 64 49 15 47 16
Distant metastasis
   M0 97 66 31 0.668 54 43 0.024
   M1 22 16   6 18   4
Recurrence
   No 86 61 25 0.088 53 33 0.775
   Yes 11   6   5   4   7
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Figure 1  Expression of EZH2 (A, C, E) and nuclear STAT6 (B, D, F) in adjacent non-neoplastic tissues and CRC tissues visualized by DAB. A: Non-neoplastic 
tissues stained with EZH2; B: Non-neoplastic tissues stained with STAT6; C, E: Tumor tissues stained with EZH2; D, F: Tumor tissues from the same case stained 
with STAT6. Original magnifications: × 100 (A-D); × 400 (E, F).
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Figure 2  Kaplan-Meier survival curves for 119 CRC patients categorized by EZH2 and/or STAT6 expression. A: Survival was significantly lower in patients with 
positive EZH2 expression than in those with negative expression (P = 0.02); B: Survival was significantly lower in patients with positive STAT6 expression than in 
those with negative expression (P = 0.005); C: Patients with EZH2+/STAT6+ expression profiles had worse survival outcome (P = 0.006).
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significantly higher than that of  group C (P = 0.333), and 
the survival rate of  group A was significantly higher than 
that of  group C (P = 0.001, Figure 2C).

Using Cox regression analysis for the 119 patient sam-
ples, positive EZH2 expression (P = 0.039), distant metas-
tasis (P = 0.000), and lymph node metastasis (P = 0.018) 
seemed to be independent prognostic indicators (Table 2).

Combined analysis of EZH2 and STAT6 expression in 
distinguishing TNM classification 
A significant association was found between EZH2 and 
STAT6 expression by Spearman’s correlation analysis 
(rs = 0.329, P = 0.00; Table 3), when EZH2 and STAT6 
expressions were evaluated. Table 4 shows the relationship 
between the expression profile of  EZH2 and STAT6 and 
TNM classification assignment for 119 CRC samples. 
Co-expression of  EZH2 and STAT6 was significantly 
correlated with high clinical TNM classification (P = 0.003). 
Furthermore, the expression levels of  co-expression of  
EZH2 and STAT6 tended to rise as the TMN staging 
increased (18%, 40%, 59% and 72% in stages Ⅰ-Ⅳ, res
pectively). 

DISCUSSION
In the present study, we have found that EZH2 and 
STAT6 are sensitive and potential biomarkers that can 
be used for the prediction of  clinical TNM classification 
and prognosis of  CRC. An association between EZH2 
overexpression and the biological malignancy of  tumors 
has been reported in many cancers, including breast 
cancer, lymphoma, bladder carcinoma and hepatocel-
lular carcinoma. Those studies suggested that EZH2 
may play a role in carcinoma progression and indicate 

a worse clinical outcome[13-16]. Fluge et al[17] investigated 
the expression of  EZH2 in colorectal cancer by IHC. 
The authors concluded that a strong EZH2 expression 
indicated an improved relapse-free survival. Notably, this 
finding was only seen in colonic cancer, but not in rectal 
cancer. Interestingly, this result is conflicted with Mi-
mori’ study[18], who believes that EZH2 may be an onco-
gene and a prognostic marker in either colonic or rectal 
cancer. In our study, no relationship was found between 
the expression of  EZH2 and colorectal tumor location. 
Furthermore, those CRC cases with higher levels of  
EZH2 expression were of  more malignant phenotypes 
and have poorer prognosis.

The underlying mechanism is related, most probably, 
to tumor suppressor gene silencing by EZH2 mediated 
histone methylation and DNA methylation[19]. We found 
a positive correlation between EZH2 expression and 
TNM staging. Multivariate analysis revealed that EZH2 
represents an independent prognostic indicator. These 
findings suggest the potential clinical utility of  incorpo-
rating EZH2 into clinical consideration to help deter-
mine the clinical TNM staging and predict the outcome.

Our data showed that STAT6 expression was positive-
ly related to clinical TNM staging, lymph node metastasis 
and distant metastasis, suggesting that STAT6 may pro-
mote the progression of  cancer. STAT6 is a member of  
STAT family of  latent transcription factors known to be 
activated constitutively in cancers[20]. STAT6 is activated 
in response to interleukin (IL)-4 and IL-13 stimulation, 
STAT6-/-mice were deficient in  responsiveness to IL-4 
and IL-13, hence preferentially producing CD4_Th1 cells 
rather than CD4_Th2[21]. This observation may indicate 
that STAT6-deficient mice might have heightened immu-
no-surveillance against primary and metastatic tumors, 
because the development of  Th1 cells optimized CD8-
mediated tumor immunity[22]. Our data support these 
mechanism studies about STAT6, and suggest that STAT6 
plays a key role in progression and metastasis of  CRC. 

In this study, STAT6 expression was also found to 
be associated with a poorer prognosis and TNM clas-
sification, which was consistent with EZH2 expression. 
Consequently, STAT6 enhanced the predictive efficiency 
of  EZH2 expression, and patients with positive expres-
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Table 2  Multivariate analysis of prognostic factors in 119 
cases using the Cox proportional hazard model

B P RR 95% CI for RR

Lower Upper

Metastasis  3.075 0.000 21.648 8.212 57.070
Lymph node metastasis  1.149 0.018   3.157 1.218   8.178
Grading -0.675 0.051   0.509 0.258   1.003
Recurrence  0.510 0.173   1.665 0.799   3.469
EZH2  1.167 0.039   3.214 1.061   9.732

Table 3  Relationship between EZH2 and STAT6 expressions

EZH2 STAT6 Total

+ -

+ 59 24   83
- 13 23   36
Total 72 47 119

rs = 0.329, P = 0.00.

Table 4  Relationship between EZH2 and STAT6 co-expression 
and TNM classification

TNM 
classification

EZH2 and STAT6 expressions EZH2+ and 
STAT6+ 

expression  in 
different stages

(%)

EZH2+
and

STAT6+

EZH2-
or

STAT6-

EZH2-
and 

STAT6-

Total

Ⅰ    2   3   6   11 18
Ⅱ 15 19   8   42 40
Ⅲ 26 10   8   44 59
Ⅳ 16   5   1   22 72
Total 59 37 23 119 49

P = 0.003.

Wang CG et al . EZH2 and STAT6 expression profiles

B: Regression coefficient.



sion of  EZH2 and STAT6 had the worse outcome 
and higher TNM staging than patients with negative 
expression of  EZH2 or STAT6. These results suggest 
that combined analysis of  EZH2 and STAT6 may be a 
powerful biological marker to predict clinical TNM stag-
ing and prognosis. According to the NCCN guidelines, 
patients with different clinical stages should receive cor-
respondingly optimal treatment protocols. Therefore, it 
is critical to find effective biomarkers which can predict 
clinical staging in order to enable clinicians to make a 
more precise prejudgment. Our data suggest that com-
bined EZH2 and STAT6 analysis may have a potential 
ability for this purpose. 

In conclusion, the prognosis of  CRC patients with 
EZH2-positive or STAT6-positive expression is sig-
nificantly worse than those CRC patients with EZH2-
negative or STAT6-negtive expressions. In addition, 
combined analysis of  EZH2 and STAT6 expressions 
could enable clinicians to prejudge a more accurate clini-
cal TNM staging before operation.
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