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Abstract
AIM: To explore the alteration of DNA methyltransfer-
ase expression in gastric cancer and to assess its prog-
nostic value.

METHODS: From April 2000 to December 2010, 227 
men and 73 women with gastric cancer were enrolled 
in the study. The expression of DNA methyltransferas-
es (DNMTs), including DNMT1, DNMT3a and DNMT3b, 
in the 300 cases of gastric carcinoma, of which 85 had 

paired adjacent normal gastric mucus samples, was 
evaluated by immunohistochemistry using a tissue mi-
croarray. Serum anti-Helicobacter pylori  (H. pylori ) IgG 
was detected by enzyme-linked immunosorbent assay 
(ELISA). The relationships between the above results 
and the clinicopathological characteristics were ana-
lyzed. Their prognostic value was evaluated using the 
Cox proportional hazards model.

RESULTS: In gastric cancer, expression of DNMTs was 
mainly seen in the nucleus. Weak staining was also 
observed in the cytoplasm. Expression of DNMT1, DN-
MT3a and DNMT3b in gastric cancer was significantly 
higher compared to that in the paired control samples 
(60.0% vs  37.6%, 61.2% vs  4.7%, and 94.1% vs  
71.8%, P  < 0.01). The overall survival rate was signifi-
cantly higher in the DNMT3a negative group than in 
the DNMT3a positive group in gastric cancer patients 
(Log-rank test, P  = 0.032). No significant correlation 
was observed between DNMT1 and DNMT3b expres-
sion and the overall survival time (Log-rank test, P  
= 0.289, P  = 0.347). Multivariate regression analysis 
indicated that DNMT3a expression (P  = 0.025) and 
TNM stage (P  < 0.001), but not DNMT1 (P  = 0.54) or 
DNMT3b (P  = 0.62), were independent prognostic fac-
tors in gastric cancer. H. pylori  infection did not induce 
protein expression of DNMTs.

CONCLUSION: The results suggest that expression of 
DNMT3a is an independent poor prognostic indicator in 
gastric cancer. DNMT3a might play an important role in 
gastric carcinogenesis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Up to now, few studies investigated the ex-
pression of DNA methyltransferases (DNMTs) and the 
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relationship between their expression and histopathol-
ogy in gastric cancer. In this article, DNMT1, DNMT3a 
and DNMT3b expression has been investigated in 307 
gastric cancer patients. The results suggest that ex-
pression of DNMT3a is an independent poor prognostic 
indicator in gastric cancer. DNA methylation plays es-
sential roles in the development of gastric cancer.

Cao XY, Ma HX, Shang YH, Jin MS, Kong F, Jia ZF, Cao DH, 
Wang YP, Suo J, Jiang J. DNA methyltransferase3a expression 
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from: URL: http://www.wjgnet.com/1007-9327/full/v20/
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INTRODUCTION
Gastric cancer is one of  the most common malignancies 
in Asian countries, and remains the second leading cause 
of  cancer-related death worldwide. Over 70% of  new 
cases and deaths occur in developing countries[1,2]. DNA 
methylation plays an essential role in normal develop-
ment and maintenance of  tissue-specific gene expression 
patterns. In human cancer cells, increased CpG island 
methylation, which mediates tumor suppressor gene si-
lencing, and genomic DNA hypomethylation can lead to 
genomic instability. Gastric cancer progression involves 
genes and numerous steps, such as the over-expression 
of  oncogenes and inactivation of  tumor suppressor 
genes[3,4]. In gastric cancer, DNA methylation change is a 
key contributor to human oncogenesis. Aberrant DNA 
methylation in the promoter regions of  genes, which 
leads to inactivation of  tumor suppressor and other can-
cer-related genes in cancer cells, is the most well-defined 
epigenetic hallmark in gastric cancer[5,6]. Several studies 
have indicated that DNA methylation occurs in the can-
cerous and para-cancerous areas.

The methylation process is catalyzed by DNA meth-
yltransferases (DNMTs), including DNMT1, DNMT3a, 
and DNMT3b. With the assistance of  DNMTs, methyl 
groups are transferred to the C5 position of  the cytosine 
and guanine dinucleotides by S-adenosylmethionine[7]. 
The genetic expression of  these regions is inhibited by 
methylation. DNMTs catalyze the transfer of  methyl 
groups to cytosine and also participate in or maintain 
methylation. Several studies suggest that DNMT genes 
are over-expressed in human cancer and during cel-
lular transformation[8-10]. Recently, Kim et al[11] reported 
that DNMT3A mutations are an independent adverse 
prognostic factor in younger AML patients with normal 
cytogenetics. Up to now, few studies have investigated 
the expression of  DNMTs and the relationship between 
their expression and histopathology in gastric cancer. 
Ding et al[12] and Yang et al[13] reported the clinical signifi-
cance of  the expression of  DNMT proteins. Our previ-
ous studies have shown that SNPs of  DNMT influenced 

Helicobacter pylori (H. pylori) infection and gastric atrophy 
in humans[14]. However, it is still lacking the clinical 
evidence about the association between expression of  
DNMT proteins and prognosis of  gastric cancer.

It was considered that change of  expression of  
DNMTs accompanies genome-wide hypomethylation 
and oncogenic hypomethylation or genetic hypermeth-
ylation, may leading to tumor suppression. Therefore, 
the purpose of  this study was to evaluate the expression 
of  DNMT1, DNMT3a, and DNMT3b in gastric cancer 
and their possible predictive relevance in future clinical 
practice.

MATERIALS AND METHODS
Patients and samples
From April 2000 to December 2010, 307 patients, in-
cluding 233 men and 74 women with gastric cancer who 
underwent surgery at the First Hospital of  Jilin Uni-
versity were collected. Finally, 227 men and 73 women 
patients were enrolled in the study. None of  the patients 
received adjuvant chemotherapy or radiotherapy before 
the surgical treatment. All specimens obtained after sur-
gery were collected. The pathological diagnosis of  gas-
tric cancer was made on the basis of  morphologic and 
immunohistochemical findings by senior pathologists. 
Adjacent normal gastric epithelial samples were col-
lected from 85 patients as comparison controls. Patients 
ranged in age from 32 to 87 years, with a median age of  
63 years. The study protocol was approved by the Eth-
ics Committee of  the First Hospital of  Jilin University. 
Written informed consent was obtained from all of  the 
patients.

Immunohistochemistry
The 4 μm thickness sections from the tissue block were 
chosen for immunohistochemical staining. The sections 
were deparaffinized and stained using a streptavidin-
biotin immunoperoxidase technique. Briefly, the tissue 
sections were incubated overnight at 4 ℃ with primary 
anti-human DNMT1 polyclonal antibody (1:200 diluted, 
sc-20701, Santa Cruz, United States), DNMT3a poly-
clonal antibody (1:200 diluted, sc-20703, Santa Cruz), and 
DNMT3b polyclonal antibody (1:200 diluted, sc-20704, 
Santa Cruz), respectively. Signals were visualized with 
3,3-Diaminobenzidine (DAB) and the slides were coun-
terstained with hematoxylin. As negative controls, the 
slides were treated with the isotype IgGs to replace pri-
mary antibodies, respectively. The stained slides were 
evaluated by two independent pathologists (MSJ and 
YPW), who were blinded from clinical data and outcome. 
The widely accepted HSCORE system was used to assess 
staining intensity and percentages of  cells stained with 
a specific magnitude of  intensity. Briefly, the HSCORE 
was calculated by the following equation: HSCORE = ∑
Pi(i) ( i = 0, 1, 2, 3, Pi = 0%-100%), where i means the 
intensity of  staining, i.e. no staining = 0, weak staining = 1, 
moderate staining = 2, and strong staining = 3; Pi repre-
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Table 1  Expression of DNA methyltransferases 1, 3a and 3b between different groups

sents percentages of  stained cells with intensities varying 
from 0 to 100%. The HSCORE ranges from 0 to 300. 
Furthermore, according to the HSCORE, the expression 
levels of  DNMTs were described as follows: negative: no 
staining, low: HSCORE ≤ 100, moderate: HSCORE ≤ 
200, high: HSCORE > 200.

Determination of H. pylori infection
Blood samples were collected from 101 patients for the 
examination of  H. pylori infection before the surgery, 
among the total of  300 gastric cancer patients. Anti-H. 
pylori IgG was detected with an ELISA kit (Biohit, Hel-
sink, Finland)[15]. The antibody titers were defined by op-
tical density values according to the protocol, and titers 
higher than the cut off  value of  30EIU were considered 
as positive for H. pylori infection.

Statistics analysis
Statistical software SPSS software package 18.0 (SPSS 
Inc. United States) was used for all statistical analyses. 
The expression of  DNMTs was presented as median 
(inter quartile). The Mann-Whitney U test or Kruskal-
Wallis H test was performed to comparing independent 
groups. The Wilcoxon signed rank test was used to 
compare paired groups. The overall survival rate was 
estimated by Kaplan-Meier method, and survival differ-
ences were analyzed by the log-rank test. The Cox pro-
portional hazards model was used to calculate the hazard 
ratio (HR) and corresponding 95%CI. For all tests, P < 
0.05 was considered statistically significant.

RESULTS
Expression of DNMTs in gastric cancer and normal 
epithelial cells
In gastric cancer, expression of  DNMTs was mainly seen 
in the nucleus. Weak staining was also observed in the 
cytoplasm (Figure 1). All negative controls demonstrated 
negligible background staining. Among the 85 paired 
samples, DNMT1, DNMT3a and DNMT3b positive 
staining were found in 51/85, 52/85, and 80/85 in gas-
tric cancer samples, respectively. They were significantly 
higher compared to those in the paired control samples 
(60.0% vs 37.6%, 61.2% vs 4.7%, and 94.1% vs 71.8%, P 
< 0.001) (Table 1).

H. pylori infection did not induce expression of DNMTs
H. pylori infection was tested in the 101 gastric cancer 

patients, and the positive rate of  H. pylori infection was 
66.3% (67/101). However, the analysis results showed 
no correlations between H. pylori infection and the ex-
pression levels of  DNMT1, DNMT3a, and DNMT3b (P 
= 0.302, 0.859, and 0.179, respectively) (Table 1).

Correlation of DNMT expression with clinicopathologic 
parameters
Expression of  DNMT1 was significantly associated with 
lymph node metastasis of  gastric cancer (P = 0.001). 
Meanwhile, there were significant higher HSCOREs of  
DNMT3a staining in patients with lymph-vascular inva-
sion than those without infiltration (P = 0.02). There 
were significant higher HSCOREs of  DNMT3b in pa-
tients with poor differentiation compared to those with 
well and moderate differentiation (P < 0.001). DNMT 
expression according to age, sex, and tumor differentia-
tion, depth of  invasion, lymph node metastasis, and dis-
tant metastasis and TNM stage were also analyzed and 
summarized in Table 2.

DNMT3a expression is associated with poor survival
Follow-up information was available for all 300 patients, 
covering periods ranging from 3 to 140 mo (median 41 
mo). No patient died of  postoperative complications 
within 30 d of  the beginning of  the study period, and 
120 (40.0%) patients had died during the follow-up. 
The overall survival time was significantly longer in the 
DNMT3a negative group than in the DNMT3a positive 
group (Figure 2b, Log-rank test, P = 0.032). However, 
expression of  DNMT1 and DNMT3b was not signifi-
cantly associated with survival (Figure 2a, 2c, P = 0.289, 
P = 0.347). The analysis also showed that TNM stage 
was significantly related to postoperative survival (P < 
0.001).

Expression of DNMT3a is an independent prognostic 
marker
After adjusted for gender, age, TNM stage and lymph-
vascular invasion, patients with DNMT3a positive ex-
pression showed a significant difference in risk of  gas-
tric cancer-related deaths compared to those who were 
negative for DNMT3a expression (OR = 1.60, 95%CI: 
1.06-2.40, P = 0.025). In multivariate analyses, DNMT3a 
expression and TNM stage were independent prognos-
tic factors of  poor patient survival in gastric cancer. 
However, expression of  DNMT1and DNMT3b was not 
associated with prognosis of  gastric cancer (P = 0.542, 
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Gastric cancer (n  = 85) Control (n  = 85) P  value H. pylori  (+) cancer (n  = 67) H. pylori  (-) cancer (n  = 34) P  value

DNMT1 10 (0-40) 0 (0-5) < 0.001 20 (0-120) 50 (5-110) 0.302
DNMT3a   80 (5-150) 0 (0-0) < 0.001 180 (40-210) 155 (58-240) 0.859
DNMT3b     180 (140-240)   90 (0-240) < 0.001   180 (120-240) 160 (98-210) 0.179

HSCOREs were represented with median (quartile range). H. pylori: Helicobacter pylori; DNMT: DNA methyltransferase.
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0.620) (Table 3).

DISCUSSION
A great number of  genes with promoter methylation 
have been observed in gastric cancer. It is believed that 
increased expression of  DNMTs may contribute to the 
excessive methylation[16-18]. Recently, the DNMT activity 
of  DNMT1, DNMT3a and DNMT3b has been con-
firmed. Several studies have focused on the clinicopa-
thology and DNMT expression in human cancers[19-21]. 
However, the prognostic significance of  DNMT expres-
sion in gastric carcinoma has not been explored thor-
oughly. 

DNMT1 is a major and best known DNMT, and it 
can transfers methyl groups from S-adenosylmethionine 
to cytosines. DNMT1 can interact with the DNMT1-

associated protein 1, histone deacetylases 1 and 2 and Rb 
and repress gene transcription. Etoh et al[22] reported that 
DNMT1 plays an important role in the development of  
poorly differentiated gastric cancer, by inducing frequent 
DNA hypermethylation in multiple CpG islands. Kanai 
et al[23] reported DNMT1 protein expression and DNA 
methylation status of  CpG islands in tumor-related genes 
during multistage carcinogenesis of  the pancreas. They 
found that the average number of  methylated genes 
in ductal carcinomas was significantly correlated with 
DNMT1 protein expression level (P < 0.0093). Mutze 
et al[24] analyzed DNMT1/3b expression immunohisto-
chemically in 127 pre-therapeutic biopsies from neoad-
juvant-treated gastric cancer patients. They found that 
DNMT1 was a predictive biomarker and potential target 
for chemotherapy in gastric cancer. In the present study, 
DNMT1 expression was significantly higher in cancer 
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Figure 1  Immunohistochemical staining of DNA methyltransferases in gastric cancer. DNA methyltransferase (DNMT) 1 (a), DNMT3a (c), and DNMT3b (e) 
positive immunostaining in gastric carcinoma cells. Negative expression of DNMT1 (b), DNMT3a (d), and DNMT3b (f) in gastric carcinoma tissues. Original magnifi-
cation, × 200.
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Table 2  DNA methyltransferases 1, 3a and 3b expression (HSCORE) in gastric cancer according to clinicopathologic parameters

tissue compared with the paired non-cancer mucosa. 
However, there was no difference between prognosis 
and expression levels. The results consist with a previous 
study[12]. Thus, it can be speculated that DNMT1 protein 
expression may play an essential effect in the carcinogen-
esis, but it was not associated with prognosis of  gastric 
cancer.

DNMT3a and DNMT3b do show de novo DNA 
methylation activity in vitro, and they are responsible for 
the creation of  methylation patterns at an early stage 
of  embryogenesis. In 2008, Ding et al[12] investigated 
38 gastric cancer patients and they failed to find the 
positive association between immunoreactivity of  DN-
MT3a and 3b and clinical parameters in gastric cancer 
tissues. Yang et al[13] examined expression of  DNMT1, 
DNMT3a and DNMT3b in 54 gastric cancer patients, 
and they reported that co-expression of  DNMT1 and 
DNMT3a was significantly associated with lymph node 
metastasis. In this study, we only found expression of  

DNMT1 was significantly associated with lymph node 
metastasis. However, DNMT3a expression was signifi-
cantly associated with lymph-vascular invasion. Further-
more, in the follow-up study, expression of  DNMT3a 
was detected as an independent prognostic marker. The 
inconsistent results from above studies may be caused 
by different study subjects and environmental back-
grounds.

H. pylori infection is believed to be involved in gastric 
carcinogenesis, and has also been reported to strongly 
promote regional DNA hypermethylation. However, 
in the current study, H. pylori infection did not induce 
expression of  DNMTs. Recently, Huang et al[25] found 
that there were no significant alterations in the total 
DNMT activities in mice challenged with H. pylori. Thus, 
although H. pylori infection alters DNA methylation, it 
did not induce expression of  DNMTs. The mechanism 
is still unclear and warrants further investigation[26].

Most epigenetic modifications are post-transcrip-
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DNMT1 Median 
(quantile range)

P  value DNMT3a Median 
(quantile range)

P  value DNMT3b Median 
(quantile range)

P  value

Gender
   Male (n = 227) 10 (0-60) 0.283   90 (0-180) 0.629   210 (120-240)    0.011
   Female (n = 73) 20 (0-90)   80 (3-180) 150 (95-240)
Age (yr)
   ≤ 60 (n = 128) 10 (0-80) 0.839   60 (1-180) 0.101 160 (90-240)    0.003
   > 60 (n = 172) 10 (0-60) 100 (1-210)   210 (140-240)
Smoking
   Yes (n = 107) 10 (0-70) 0.502 120 (5-210) 0.065   180 (120-240)    0.722
   No (n = 193) 10 (0-80)   60 (0-180)   180 (120-240)
Drinking
   Yes (n = 72) 10 (0-80) 0.570   120 (40-233) 0.003   195 (125-240)    0.777
   No (n = 228) 10 (0-60)   60 (0-180)   180 (120-240)
TNM stage
   Ⅰ (n = 22) 45 (5-93) 0.106   80 (0-180) 0.905 135 (75-240)    0.149
   Ⅱ (n = 51) 20 (0-80)   60 (5-180) 160 (90-240)
   Ⅲ (n = 195) 10 (0-60)   90 (5-180)   210 (140-240)
   Ⅳ (n = 32) 10 (0-35)   90 (0-180) 170(90-240)
Differentiation
   Well + moderate (n = 119)   5 (0-60) 0.051 100 (5-210) 0.158   160 (100-240) < 0.001
      Poor (n = 181) 20 (0-80)   80 (0-180)   240 (150-270)
   Lymph-vascular invasion
      Absent (n = 138) 10 (0-60) 0.159   60 (0-180) 0.020   180 (120-240)    0.942
      Present (n = 162) 10 (0-80)   110 (10-210)   180 (120-240)
Depth of invasion
   T1 (n = 8)     80 (13-130) 0.090   130 (20-225) 0.082   185 (128-240)    0.424
   T2 (n = 38) 20 (0-98)   60 (0-180) 180 (50-240)
   T3 (n = 223) 10 (0-70)     90 (10-210)   180 (120-240)
   T4 (n = 31) 10 (0-20)   40 (0-140)   180 (120-240)
Lymph  metastasis
   N0 (n = 65) 30 (0-80) 0.001   60 (0-170) 0.503   180 (100-240)    0.166
   N1 (n = 92)   0 (0-28)   60 (0-203)   210 (140-240)
   N2 (n = 78) 20 (0-93) 110 (5-188)   180 (120-240)
   N3 (n = 65) 20 (0-70)     90 (15-180)   180 (145-255)
Distant metastasis
   Negative (n = 265) 10 (0-80) 0.938   80 (5-180) 0.679   195 (120-240)    0.285
   Positive (n = 35) 10 (0-60)   90 (0-210) 160 (90-240)
Survival
   Survival (n = 180) 10 (0-80) 0.656   60 (0-180) 0.009   180 (120-240)    0.441
   Death (n = 120) 10 (0-60)   120 (13-210)   210 (120-240)

DNMT: DNA methyltransferase.
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Table 3  Multivariate analysis of predictors of overall survival 
in gastric cancer

tional, and inhibition of  these mechanisms could be 
advantageous in the treatment of  gastric cancer. As 
a consequence the role of  epigenetic regulators like 
DNMT inhibitors as a treatment for gastric cancer is un-
der evaluation. Niwa et al[27] reported that treatment with 
5-aza-dC, a DNA demethylating agent, can prevent H. 
pylori-induced gastric cancer. The result also suggested 
that removal of  induced DNA methylation and/or sup-
pression of  DNA methylation induction can become a 
target for prevention of  chronic inflammation-associated 
cancer.

In conclusion, aberrant expression of  DNMT3a plays 

a crucial role in gastric carcinogenesis. Expression of  
DNMT3a was associated with poor survival in gastric 
carcinoma. This suggested that DNMT3a is clinically 
useful for prediction of  prognosis of  gastric cancer, and 
could be useful as a therapeutic target. Since the function 
of  DNMT3a in gastric carcinogenesis is still unclear, fu-
ture research is needed[28-32].
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