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Abstract. The aim of the present study was to investigate 
whether single nucleotide polymorphisms in the DNMT3A 
gene are associated with susceptibility to gastric cancer in the 
Japanese population. The present case-control study examined 
the associations between single nucleotide polymorphisms 
(rs6733868 and rs13428812) in DNMT3A and cancer suscep-
tibility in 343 patients with gastric cancer and 708 subjects 
without gastric malignancies on upper gastro-duodenal 
endoscopy. Of 708 controls, 409 were classified into two 
groups histologically: 99 cases with and 310 cases without 
gastric mucosal atrophy. Overall, homozygosity for the 
DNMT3A rs6733868 minor allele was significantly associated 
with a reduced risk of gastric cancer (odds ratio [OR], 0.621; 
95% confidence interval [CI], 0.402-0.958; P=0.031), espe-
cially of the intestinal type (OR, 0.494; 95% CI, 0.274-0.890; 
P=0.019). In subjects >60 years, rs6733868 minor allele 
homozygosity was significantly associated with gastric cancer 
susceptibility. Carriers of the rs6733868 minor allele had a 
reduced risk of severe gastric mucosal atrophy (OR, 0.495; 
95% CI, 0.299-0.826; P=0.0069). In addition, the number of 
minor alleles of both rs6733868 and rs13428812 was signifi-
cantly correlated with the risk of Helicobacter pylori (HP) 
infection (P=0.0070 and P=0.0050, respectively). However, 
rs13428812 was not associated with severe gastric mucosal 
atrophy or gastric carcinogenesis. The present results suggest 
that DNMT3A polymorphisms serve roles in the progression 
from HP infection to gastric mucosal atrophy and gastric 
carcinogenesis in terms of degree and manner.

Introduction

The incidence of gastric cancer (GC) varies worldwide; the 
disease is four times more common in Japan than in the UK 
and occurs in younger patients (1). In Japan, 50,000 people 
die of GC annually. GC progression involves a variety of 
gene alterations and a number of specific events (2), such 
as overexpression of oncogenes and inactivation of tumor 
suppressor genes. Helicobacter pylori (HP) infection and 
consequent atrophic gastritis are regarded as risk factors for 
GC. Research has shown that HP infection can cause GC 
via atrophic gastritis (3,4). Severe gastric atrophy (SA) and 
corpus-predominant gastritis, intestinal metaplasia (IM), and 
dysplasia are well-known predisposing factors for GC (5,6). 
Previous research suggested that gastric carcinogenesis 
involves three steps: HP infection, development of gastric 
precancerous conditions, and carcinogenesis (7). However, 
relatively few cases of HP infection progress to GC. This 
discrepancy has prompted considerable research examining 
potential associations between genetic polymorphisms and the 
risk of progression from precancerous conditions to GC.

Methylation of several genes has been reported in many 
cancers, including GC (8). The DNA methyltransferase 
(DNMT) family includes three active mammalian homologs: 
DNMT1, 3a, and 3b. DNMT3a and DNMT3b are considered 
de novo enzymes that play critical roles in the dynamic DNA 
methylation process during embryogenesis and pathogen-
esis (9). In both GC and para-cancerous tissues, the expression 
of DNMTs is significantly higher than in normal tissues (10), 
which suggests that DNMT overexpression is involved in the 
development of gastric mucosal atrophy and subsequent tumor-
igenesis. Many studies have reported an association between 
rs1550117, a notable polymorphism in the DNMT3A gene, 
and susceptibility to various cancers, including GC (11,12). 
However, no significant association between rs1550117 and 
GC susceptibility has been reported (13,14). Thus, the influ-
ence of DNMT3A polymorphisms upon GC susceptibility 
remains unclear, especially in the Japanese population.

In this study, we investigated potential associations between 
SA and GC susceptibility and two DNMT3A polymorphisms: 
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rs6733868 C>G (in linkage with rs7605753, rs13427202, 
rs7590760, rs6749992, and rs7586294) and rs13428812 A>G 
(in linkage with rs7583409 and rs7578575).

Materials and methods

Clinical samples. All subjects were enrolled at the Endoscopy 
Center of Fujita Health University Hospital or Kanazawa Medical 
University Hospital between April 2005 and March 2014. The 
study involved 343 patients with GC (GC group) and 708 subjects 
with no evidence of gastric malignancies (non-GC group) on 
upper gastro-duodenal endoscopy. In addition, 409 of 708 controls 
in which the degree of histologic gastritis could be assessed 
according to the updated Sydney system using biopsy specimens 
obtained from antrum (15) were classified into two groups: 
99 patients in the SA group (atrophy score of 3 or metaplasia 
score ≥2) and 310 patients in the non‑SA group. Diagnosis of all 
GCs was made histologically at the Division of Pathology of each 
hospital. Patients with severe systemic diseases, malignancies in 
other organs, or who had received nonsteroidal anti‑inflammatory 
drugs, antibiotics, or HP eradication treatment were excluded. We 
judged HP infection status as positive when the rapid urease test, 
urea breath test, or histologic test was positive.

The Ethics Committees of Fujita Health University and 
Kanazawa Medical University approved the protocol, and written 
informed consent was obtained from all participating subjects.

Single nucleotide polymorphism selection and detection. 
We selected the Tag polymorphism with high minor allele 
frequency (MAF) in the DNMT3A gene region. We selected 
rs6733868 C>G in a large linkage disequilibrium block with a 
Hardy-Weinberg equilibrium (HWE) P-value >0.05 and MAF 
>0.30 determined according to the LD TAG SNP selection 
database (https://snpinfo.niehs.nih.gov/snpinfo/snptag.html, 
Fig. 1). In addition, another SNP with a high MAF (rs13428812 
A>G) that had been investigated in a previous study based on 
its association with GC susceptibility (13) also was selected. 
This polymorphism is in linkage with rs7578575 (Fig. 1).

Sample stocks of DNA isolated from peripheral blood were 
used in the study. Genotyping of DNMT3A polymorphisms was 
carried out using polymerase chain reaction (PCR)-single-strand 
conformation polymorphism (SSCP) methods, as reported 
previously (16,17). The rs6733868 and rs13428812 geno-
types were determined using the following primer pairs: for 
rs6733868, forward 5'-cta gct agc ggg agt cgc tgt c-3' and reverse 
5'-ctc ctg gct gtg aag cgg aag-3'; for rs13428812, forward 5'-ccc cat 
cat gtc aga tac cct ctg-3' and reverse 5'-cct tcc tag ggg aca ccc ttc tat 
t-3'. PCR was carried out in a 20-µl reaction volume containing 
0.1 µg of genomic DNA. The DNA was denatured at 95˚C 
for 3 min, followed by 35 cycles at 96˚C for 15 sec, 61˚C for 
30 sec, and 72˚C for 30 sec, with final extension at 72˚C for 
5 min. PCR conditions for amplification of rs6733868 and 
rs13428812 were the same. Thereafter, 2 µl of the PCR product 
was denatured with 10 µl of formamide (Sigma-Aldrich Co., 
St. Louis, MO, USA) at 90˚C for 5 min. SSCP was carried out 
at 18˚C. We used a Gene Phor DNA separation system with 
Gene Gel Excel 12.5/24 (GE Health Care Bio-Sciences AB, 
Stockholm, Sweden), after which the denatured single-strand 
DNA bands were detected using a DNA silver staining kit (GE 
Health Care Bio-Sciences AB).

Statistical analysis. The HWE of each allele was assessed 
using a χ2 test. Data are expressed as mean ± SD. Differences 
in mean age of patients in each group were evaluated using the 
Student's t-test. Differences in ratios of HP infection status and 
male to female patients were evaluated using Fisher's exact 
test. Allele and genotype frequencies were determined by 
direct counting. Differences in allele count also were evaluated 
using Fisher's exact test. The strength of association between 
allele frequencies and disease was assessed by calculating the 
odds ratio (OR) and 95% confidence interval (CI) by logistic 
regression analysis. Adjusted ORs considered age, gender, and 
HP infection status. An adjusted analysis also was performed 
by logistic regression analysis after adjustment for gender, age, 
and HP infection status. For all analyses, the level of signifi-
cance was set at P<0.05. Analyses were performed using Stata 
software (version 13; StataCorp LP, College Station, TX, USA).

Results

Characteristics of subjects and the frequencies of genotypes. 
Single-strand DNAs of rs6733868 and rs13428812 were clearly 
separated by SSCP (Fig. 2). The characteristics of subjects in this 
study are summarized in Table I. The mean age, male to female 
ratio, and HP positivity ratio were significantly higher in the GC 
group than in the non-GC group. The distribution of the rs6733868 
C>G genotype in the GC group was 130CC, 181CG, and 32GG. 
The distribution of the rs6733868 C>G genotype in the non-GC 
group was 253CC, 338CG, and 117GG (HWE P=0.82). The 
rs6733868G allele frequency in the GC and non-GC groups was 
35.7 and 40.4%, respectively (P=0.04). In addition, the frequency 
of the rs6733868 GG homozygote differed significantly between 
the GC and non-GC groups (P=0.0018). The distribution of the 
rs13428812 A>G genotype in the non-GC group was 389AA, 
276AG, and 43GG (HWE P=0.69). There was no significant 
difference in either the minor allele frequency or distribution of 
the rs13428812 genotype between the GC and non-GC groups.

Association between GC susceptibility and DNMT3A 
polymorphisms. Overall, patients homozygous for the 
rs6733868 G allele had a significantly decreased risk for gastric 
carcinogenesis as determined by logistic regression analysis after 
adjustment for age, gender, and HP infection status (OR, 0.621; 
95% CI, 0.402-0.958; P=0.031, Table II). When assessed by GC 
subtype, patients who were rs6733868 GG homozygotes had a 
significantly decreased risk for the development of intestinal 
cancers (OR, 0.494; 95% CI, 0.274-0.890; P=0.019, Table II), 
whereas no significant association was found between this geno-
type and diffuse types of cancer. No significant association was 
found between GC susceptibility and rs13428812 (Table II).

Association between DNMT3A polymorphisms and GC 
susceptibility in subjects younger or older than 60 years. 
Patients who were rs6733868 GG homozygotes exhibited 
a significantly decreased risk for gastric carcinogenesis by 
logistic regression analysis after adjustment for age, gender, 
and HP infection status (OR, 0.534; 95% CI, 0.319-0.922; 
P=0.024, Table III). On the other hand, a significant associa-
tion between rs13428812 and GC susceptibility was not seen 
in subjects classified based on age (whether younger or older 
than 60 years).
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Characteristics of subjects and genotype frequencies in 
subjects in which gastric mucosal atrophy was assessed. For 
409 of 708 controls, the degree of histologic gastritis could 
be assessed according to the updated Sydney system, and the 
characteristics and genotype distributions for these patients are 
shown in Table IV. In all 409 such subjects, the genotype distri-
bution of rs6733868 was 165CC, 186CG, and 58GG (HWE 
P=0.67), whereas that of rs13428812 was 249AA, 136AG, and 
24GG (HWE P=0.39). The mean age, male to female ratio, 
and HP positivity ratio were significantly higher in the SA 
group than the non-SA group (Table IV). The rs6733868G 
allele frequency in the SA and non-SA groups was 29.3 and 
39.4%, respectively (P=0.011). In addition, the proportion of 
patients who were rs6733868 GG homozygotes differed signif-
icantly between the SA and non-SA groups (P=0.0014). The 

rs13428812G allele frequency was also significantly different 
between the SA and non-SA groups (P=0.0082). In addition, 
the proportion of the AA homozygotes was significantly 
higher and that of the GG homozygotes significantly lower in 
the SA group than in the non-SA group (P=0.044 and P=0.013, 
respectively, Table IV).

Logistic regression analysis after adjustment for age, 
gender, and HP infection status indicated that the rs6733868 
CG+GG genotype was significantly associated with decreased 
severity of gastric mucosal atrophy (OR, 0.495; 95% CI, 
0.299-0.826; P=0.0069, Table V), whereas rs13428812 was not 
associated with mucosal atrophy.

Association between HP infection status and DNMT3A 
polymorphisms in control subjects. The mean age and male to 
female ratio were significantly higher in HP‑infected subjects 
than in uninfected subjects (Table VI). The minor allele 
frequency of both rs6733868 and rs13428812 was significantly 
higher in uninfected subjects than in HP-infected subjects. 
The proportions of patients who were rs6733868 GG and 
rs13428812 GG homozygotes were also significantly higher 
in HP-infected subjects than in uninfected subjects, whereas 
those of the rs6733868 CC and rs13428812 AA homozygotes 
were significantly lower in HP‑infected than in uninfected 
subjects. The number of minor alleles of both rs6733868 and 
rs13428812 was significantly correlated with the frequency 
of HP infection (P=0.0070 and P=0.0050 by ANCOVA, 
respectively).

Discussion

Global DNA methylation patterns reportedly alter the 
hyper-methylation of CpG islands and the hypo-methylation 
of non-CpG islands (18). The action of de novo DNMTs, 
including DNMT3a, is responsible for this alteration during 
early tumorigenesis (19). In gastric carcinogenesis, overexpres-
sion of DNMT3a occurs in both cancerous and para-cancerous 
tissues (10). In addition, HP infection reportedly induces 
aberrant DNA methylation of CpG islands, subsequently 
suppressing the function of tumor suppressor genes in the 
gastric mucosa, and ultimately resulting in carcinogen-
esis (20,21). HP infection reportedly does not directly induce 
either the mRNA or protein expression of DNMT1, DNMT3a, 
or DNMT3b in the gastric mucosa (22). However, the rs1550117 
genetic polymorphism results in increased transcription of 
the DNMT3A gene, and an increase in the level of DNMT3A 
mRNA associated with gastric carcinogenesis (23). Thus, 
polymorphisms in DNMT3A are thought to play an important 
role in gastric carcinogenesis. However, although many studies 
have examined the relationship between rs1550117 and carci-
nogenesis, the potential association remains unclear. Based 
on the hypothesis that the other polymorphism in DNMT3A 
is more clearly associated with gastric carcinogenesis, we 
investigated the potential associations of other polymorphisms 
in DNMT3A that are not in strong linkage with rs1550117.

Specifically, we investigated two allele sites of DNMT3A 
(rs6733868 and rs13428812). The distributions of both rs6733868 
and 13428812 in our control group were in HWE (P=0.82 and 
P=0.69, respectively), and were similar to those reported in 
the Japanese population in the HapMap database (P=0.98 and 

Figure 2. Products of polymerase chain reaction-SSCP analyses using 
clinical samples. Single-strand DNAs were separated by SSCP. These data 
enable determination of the genotype. SSCP, single-strand conformation 
polymorphism.

Figure 1. Linkage disequilibrium of DNMT3A. This figure was generated 
using snpinfo.niehs.nih.gov/snpinfo/snptag.html.
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P=0.99, respectively). We found a decreased association between 
DNMT3A homozygotes and gastric carcinogenesis, especially 
for intestinal types of cancer. However, no association was 
observed between rs13428812 and susceptibility to GC. HP 
infection is known to cause chronic inflammation, which subse-
quently progresses to atrophic gastritis, intestinal metaplasia, 
and finally, GC (15). In our present study, the rs6733868 minor 
allele was associated with a significantly lower risk of gastric 
mucosal atrophy. These observations suggest that in carriers 

of the rs6733868 minor allele, progression to gastric mucosal 
atrophy and subsequent development of GC may be inhibited 
in the homozygotes. In addition, a stronger association was 
detected in older rather than younger subjects, consistent with 
the expectation that intestinal types of GC occur as a result of an 
extended period of chronic inflammation and tissue rearrange-
ment, including metaplastic change.

Previously, Cao et al (13) reported that rs1550117 is associ-
ated with higher risk of HP infection but not of gastric atrophy 

Table I. Subject characteristics and genotype frequencies.

Characteristics Non-GC group GC group P-value

Number of subjects 708 343 
Mean age ± standard deviation (years) 61.0±13.7 65.3±11.4 <0.0001a

Male:female 405:303 239:104 0.0001b

HP positive rate 435/708 296/343 <0.0001b

rs6733868 C>G   
  CC 253 130 
  CG 338 181 
  GG 117 32 0.0018b

  G allele frequency 40.4% 35.7% 0.04b

rs13428812 A>G   
  AA 389 204 
  AG 276 128 
  GG 43 11 
  G allele frequency 25.6% 21.9% 

aStudent's t-test, bFisher's exact test; GC, gastric cancer; HP, Helicobacter pylori.

Table II. Association between DNMT3A polymorphisms and gastric cancer.

A, GG vs. CC+CG

rs6733868 C>Ga, (n) CC CG GG OR (95% CI) P-value

Non-GC (708) 253 338 117 Reference -
Overall GC (343) 130 181 32   0.621 (0.402-0.958) 0.031
Intestinal (195) 84 103 15   0.494 (0.274-0.890) 0.019
Diffuse (133) 44 78 16 0.769 (0.435-1.36) 0.36
(Unknown) 2 0 1 - -

B, GG vs. AA+AG

rs13428812 A>Ga, (n) AA AG GG OR (95% CI) P-value

Non-GC (708) 389 276 43 Reference -
Overall GC (343) 204 128 11 0.664 (0.328-1.34) 0.25
Intestinal (195) 122 74 6 0.649 (0.260-1.62) 0.35
Diffuse (133) 79 54 5 0.707 (0.271-1.85) 0.48
(Unknown) 3 0 0 - -

aThe number of subjects following regression analysis with adjustments for age, gender and HP infection status. OR (95% CI), odds ratio 
(95% confidence interval); GC, gastric cancer; HP, Helicobacter pylori.
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or GC. Those authors speculated that this DNMT3A polymor-
phism facilitates HP infection by promoting methylation of the 
gene encoding MUC-1, a membrane-bound mucin expressed 
on the surface of gastric epithelial cells that normally provides 
a protective barrier against HP infection (24). Interestingly, 
our results showed that both rs6733868 and rs13428812 were 
strongly associated with the risk of HP infection. Specifically, 

rs6733868 was associated with higher HP infection risk, severe 
gastric mucosal atrophy, and susceptibility to GC, especially 
intestinal types of cancer, whereas rs13428812 was associated 
only with HP infection risk. Potential associations of rs6733868 
with clinical disorders have not been reported. In addition, there 
are no data available regarding the influence of either polymor-
phism on the expression or function of DNMT3a. However, we 

Table IV. Characteristics and genotype frequencies of subjects in whom histological findings were evaluated.

Characteristics Total Non-SA group SA group P-valuec

Number of subjects 409 310 99 
Mean age ± SD (years) 59.9±13.3 58.4±13.7 64.4±11.1 0.0001a

Male:female 240:169 168:142 72:27 0.0010b

H. pylori positive rate 262/409 169/310 93/99 <0.0001b

rs6733868 C>G    
  CC 165 111 54 0.0014b

  CG 186 154 32 
  GG 58 45 13 
  G allele frequency (%) 36.9 39.4 29.3 0.011b

rs13428812 A>G    
  AA 249 180 69 0.044b

  AG 136 107 29 
  GG 24 23 1 0.013b

  G allele frequency (%) 22.5 28.4 15.7 0.0082b

aStudent's t-test, bFisher's exact test; cnon-AS group vs. SA group. SD, Standard deviation; SA, Severe atrophy; HP, Helicobacter pylori.

Table III. Association between DNMT3A polymorphisms and GC susceptibility in subjects younger or older than 60 years.

A, rs6733868

Age CC CG GG GG vs. CC+CG, OR (95% CI) P-value

<60 years
  Non-GC (278)a 95 135 48 Reference -
  GC (105)a 40   54 11 0.756 (0.360-1.59) 0.46
≥60 years     
  Non-GC (429)a 158 202 69 Reference -
  GC (238)a   90 127 21 0.534 (0.319-0.922) 0.024

B, rs13428812

Age AA AG GG GG vs. AA+AG, OR (95% CI) P-value

<60 years
  Non-GC (278)a 146 114 18 Reference -
  GC (105)a   62   41   2 0.344 (0.075-1.58) 0.17
≥60 years
  Non-GC (429)a 243 161 25 Reference -
  GC (238)a 142   87   9 0.737 (0.329-1.65) 0.46

aThe number of subjects following logistic regression analysis with adjustment for age, gender and HP infection status. OR (95% CI), Odds 
ratio (95% confidence interval); GC, gastric cancer; HP, Helicobacter pylori.
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hypothesize that these polymorphisms affect the expression of 
DNMT3a to varying degrees, as many studies suggest. If so, the 
difference in risk association between rs6733868 and rs13428812 
may depend on the difference in the number of affected genes 
and/or the degree of methylation. Of course, the expression of 
DNMT3a is not regulated only by DNMT3A polymorphisms. 
Kim et al (25) reported that DNMT3A mutations and allelic 
losses, which decrease the enzymatic activity of the protein 
product, are observed in many solid cancers, suggesting that 
abnormal expression or accumulation of DNMT3a in cancer 
tissues may be due to defects in the degradation of mutant prod-
ucts rather than to the polymorphisms themselves.

There are some clinical limitations to our study. The first 
limitation is that our subjects were patients who visited our 
hospital for either endoscopic examinations due to specific 
symptoms or further follow-up after health examinations. 

Subjects reporting no symptoms are essential for control 
groups. In addition, we could not confirm whether very small 
histologic neoplasia was present in any of the control group 
subjects. A second limitation is that we assessed histologic 
gastritis using biopsy samples only from the antrum, because 
the antral mucosa is affected by HP infection for the longest 
period. Clearer results might have been obtained if the degree 
of gastritis in the corpus was assessed at the same time. A third 
limitation is that ethnicity is an important factor affecting 
heterogeneity. Although different countries and populations 
have different dietary and lifestyle habits (26), this retrospec-
tive research was performed at a single Japanese center.

In conclusion, regarding the influence of rs6733868, 
our results suggest that the risk of HP infection decreases 
depending on the number of minor alleles, the risk of severe 
gastric mucosal atrophy decreases in minor allele carriers, 

Table V. Association between DNMT3A polymorphisms and gastric mucosal atrophy.

A, rs6733868 C>Ga

Atrophy status, (n) CC CG GG OR (95% CI), CG+GG vs. CC P-value

Non-SA (310) 111 154 45 Reference 
SA (99)  54 32 13 0.495 (0.299-0.826) 0.0069

B, rs13428812 A>Ga

Atrophy status, (n) AA AG GG OR (95% CI), AG+GG vs. AA P-value

Non-SA (310) 180 107 23 Reference 
SA (99)  69 29 1 0.909 (0.518-1.58) 0.73

aThe number of subjects following logistic regression analysis with adjustment for age, gender and HP infection status. OR (95% CI), Odds 
ratio (95% confidence interval); SA, severe atrophy; HP, Helicobacter pylori.

Table VI. Association between HP infection status and DNMT3A polymorphisms in control subjects.

Variable HP uninfected HP infected P-value

No. of subjects 273 435 
Mean age ± SD (years) 59.9±15.3 61.7±12.5 0.084a

Male:female 133:140 272:163 0.0003b

rs6733868 C>G   
  CC 88 165 0.018b

  CG 125 213 
  GG 60 57 0.0025b

  G allele frequency (%) 44.9 33.0 0.0075b

rs13428812 A>G   
  AA 135 254 0.024b

  AG 114 162 
  GG 24 19 0.023b

  G allele frequency (%) 30.0 23.0 0.0059b

aStudent's t-test, bFisher's exact test; SD, standard deviation; HP, Helicobacter pylori.
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and the risk of developing GC decreases in minor allele 
homozygotes. In contrast, rs13428812 is associated only with 
HP infection and not with severe gastric mucosal atrophy 
or gastric carcinogenesis. Thus, the data suggest that both 
DNMT3A polymorphisms participate in the progression from 
HP to gastric mucosal atrophy and ultimately to gastric carci-
nogenesis in both degree and manner.
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