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Results from published studies on the association of Human Oxoguanine Glycosylase 1 (hOGG1) S326C genetic polymor-
phism with the risk of gastric cancer are inconsistent. We performed a meta-analysis to summarize the possible association. 
Eleven case-control studies including 2168 cases and 4058 controls were identified from electronic databases (Pubmed, El-
sevier Science Direct, Chinese National Knowledge Infrastructure (CNKI), Chinese Biomedical Literature Database (CBM), 
and the Chinese database, Wanfang). No significant association between hOGG1 S326C genetic polymorphism and risk of
gastric cancer was observed in the overall analysis. In the stratified analysis based on ethnicity, still no significant associa-
tion was observed in Europeans, Asians, or Brazilians. This meta-analysis provided evidence that hOGG1 S326C genetic
polymorphism was not associated with increased risk of gastric cancer. However, additional studies with large sample size 
and better study designs are warranted to verify our finding.
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Gastric cancer is the second most common cancer world-
wide, it is estimated that gastric cancer accounted for about 
738,000 deaths in 2008 globally [1]. Like other malignancies, 
the etiology of gastric cancer is multifactorial and incom-
pletely understood [2]. Several epidemiological studies have 
confirmed the risk factors of gastric cancer which includes
low consumption of fresh fruits and vegetables, high con-
sumption of salty food, smoking, and Helicobacter pylori 
(H. pylori) infection [3-5]. Although just how the biological 
mechanisms underlying these factors are involved in gastric 
cancer development is not clearly understood, oxidative DNA 
damage caused by reactive oxygen species (ROS) is believe to 
play an important role.

Reactive oxygen species (ROS) is demonstrated to induce 
mutations in many types of DNA, proto-oncogenes, tumor 
suppressor genes, and other genes important for induction 
and progression of cancer [6]. The consumption of several
kinds of food such as red meat, alcohol, fat, may induce 
the generation of ROS, which may have effect on gastric
mucosa [7]. On the other hand, the infection of H. pylori 
was demonstrated to result in additional ROS formation, 
and may induce apoptosis and DNA damage in host gastric 
epithelial cells [8-11].

One of the most common lesions formed by ROS modifica-
tions is 8-Hydroxy-2’-deoxyguanosine (8-OHdG). 8-OHdG 
is believed to be highly mutagenic because of its propensities 
to mispair with adenine during DNA replication and to cause 
ultimately GC to TA transversion [12-13]. A specific DNA gly-
cosylase/apurinic (AP) lyase, human 8-oxoguanine glycosylase 
1 (hOGG1), has an activity to remove 8-OHdG from DNA as 
a part of the base excision repair pathway [14-15].

The human OGG1 gene is reported to have several kinds of
mutations, of which a Ser/Cys substitution in exon 7 is highly 
prevalent[16-17]. Studies demonstrated that the hOGG1 protein 
encoded by the wild-type CC genotype exhibited substantially 
higher DNA repair activity than that encoded by CG or GG 
genotype. Some studies have suggested that the hOGG1 S326C 
polymorphism is associated with increased risk for lung [18], 
orolaryngeal [19], bladder [20] as well as gallbladder cancers 
[21]. There are also a number of case-control studies performed
to investigate the association of hOGG1 S326C polymorphism 
with gastric cancer, but the results remain inconclusive and 
contradictive. Several reasons such as relative small sample size, 
different ethnic background may partially cause this discord-
ance. Therefore, we performed the present meta-analysis to
obtain a more precise estimation of the association.
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Materials and Methods

Study Selection. All studies that examined the association 
between hOGG1 S326C genetic polymorphism and gastric 
cancer were carefully selected. Data were collected from the 
following databases: Pubmed, Elsevier Science Direct, Chinese 
National Knowledge Infrastructure (CNKI), Chinese Biomedical 
Literature Database (CBM), and the Chinese database, Wanfang. 
The key words were as follows: (“gastric cancer “ OR “stomach
cancer”), (“OGG1” OR “hOGG1” OR “OGG” OR “8-Oxogua-
nine DNA glycosylase 1”), and (“polymorphism” OR “variation” 
OR “mutation” OR “SNP”). In the CNKI, CBM, and Wanfang, 
crossponding Chinese characters of the keywords were used for 
searching. There was no restriction on language.

A study was included in the current meta-analysis if (1) it 
was published up to Oct 2011, (2) if it was a case-control study, 
and (3) or it was about hOGG1 S326C polymorphism and 
risk of gastric cancer. Studies reported the results on different
subpopulations were treated as separate studies. When there 
were multiple publications from the same population, only 
the latest study was included.

An independent Pubmed search by DR, an independent 
Elsevier Science Direct search by CDJ, and independent CNKI, 
CBM, and Wanfang searches by LSL were performed using the 
same criteria. The abstracts were carefully reviewed to determine
if they met the eligibility criteria. References in the studies were 
also reviewed and hand-searched to obtain additional studies.

Data Extraction. Two investigators (DR and LSL) extracted 
data independently and in duplicate with the standard protocol 
and the results were reviewed by a third investigator (CDJ). 
Disagreements were discussed and resolved with consensus. 
From each study, information such as the first author’s last
name, year of publication, country of origin, numbers of 

cases and controls, sources of controls, genotyping method, 
and genotypes and allele frequency information from genetic 
polymorphisms were extracted.

Statistical analysis. The meta-analysis was performed by
using Stata 11.0 software (Stata Corporation College Station,
TX, USA). Hardy-Weinberg equilibrium (HWE) in control 
groups of each study were assessed using goodness-of-fit
test (χ2 of Fisher’s exact test). The association between gastric
cancer risk and hOGG1 S326C polymorphism was estimated 
for each study by crude odds ratios (ORs) and their 95% 
confidence intervals (CIs). We estimated the risk first for the 
variant homozygous GG genotype, compared with the wild-
type homozygous CC genotype, and then for the dominant 
model (GG+CG versus CC) and recessive model (GG versus 
CG+CC), respectively. Stratified analysis was performed based
on the region (Asian, European, and American).

Heterogeneity among studies was examined with χ2 test-based 
Q statistic [22]. If there was no statistical heterogeneity among 
studies (P>0.10), the ORs and 95% CI were estimated by Mantel-
Haenszel’s method in a fixed-effect model [23]. Otherwise, the
ORs was obtained by DerSimonian–Laird method in a random-
effect model [24]. The effect of heterogeneity was also measured
by: I2=100%×(Q-df)/Q to assess the extent of between-study 
heterogeneity [25]. The pooled OR was performed by weight-
ing individual ORs by the inverse of their variance, and the 
significance of the pooled OR was determined by the z test.

Evaluation of publication bias. Publication bias was in-
vestigated with the funnel plot, in which the standard error of 
log(OR) of each study was plotted against its OR value. Fun-
nel plot asymmetry was further assessed using Egger’s linear 
regression test using Stata 10.0 software [26-27]. The p-value
of Egger’s linear regression test less than 0.05 was considered 
representative of statistically significant publication bias.

Table 1. Main characteristics of the studies included in the meta-analysis

Study Year Ethnicity Source of control Matched factor Sample size (frequency of G 
allele, %)

OR (95% CI for 
G vs. C allele)

P-value of HWEb 
in controls

case control

Capella G 2008 European Population based Centre, sex, age, date of 
blood collection

438 (20.66) 1026 (22.32) 0.91 (0.75-1.10) 0.734

Takezaki T 2002 Chinese Population based Sex, age, ethnicity 101 (50.00) 198 (54.55) 0.83 (0.59-1.17) 0.002
Hanaoka Ta 2001 Brazil Hospital-based Sex, age, ethnicity 58 (40.52) 127 (43.30) 0.89 (0.57-1.39) 0.250
Hanaoka Ta 2001 Brazil Hospital-based Sex, age, ethnicity 208 (19.95) 205 (21.95) 0.89 (0.63-1.24) 0.444
Tsukino H 2004 Japanese Hospital-based Sex, age ,residential area 142 (51.06) 271 (46.68) 1.19 (0.89-1.59) 0.457
Palli D 2010 Italian Population based Frequency matching 304 (20.23) 545 (22.84) 0.86 (0.67-1.09) 0.892
Farinati F 2008 Italian Hospital-based Frequency matching 50 (19.00) 43 (8.14) 2.65 (1.06-6.65) 0.561
Sun LM 2010 Chinese Hospital-based Frequency matching 73 (58.22) 255 (48.43) 1.48 (1.02-2.15) 0.294
Poplawski T 2006 Polish Hospital-based Sex, age 28 (10.71) 33 (22.73) 0.41 (0.15-1.14) 0.091
Canbay E 2010 Turkey volunteer Sex, age 40 (23.75) 247 (16.80) 1.54 (0.88-2.72) 0.990
Liu X 2011 Chinese Hospital-based Frequency matching 618 (57.12) 913 (59.75) 0.90 (0.78-1.52) 0.589
Malik MA 2010 Indian Hospital-based Frequency matching 108 (30.09) 195 (28.97) 1.06 (0.58-0.97) 0.121

a The article Hanaoka et al., 2001 involved 2 different subgroups and was treated as two independent studies only in the subgroup analysis based on ethnicity. 
bHWE, Hardy-Weinberg equilibrium.
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data, 1 article was excluded owing to unavailable data [28], 
and 2 articles were excluded as they were duplicate reports. 
Thus, 11 studies were included in the current meta-analy-
sis [29-39]. The study performed by Hanaoka et al. (2001)
contained 2 different subpopulations, and was treated as 2
different studies.

The results of Hardy-Weinberg equilibrium test for the
distribution of the genotype in control population are shown 
in Table 2. Among the 10 eligible studies included in the 
present meta-analysis, there was 1 study [37] which was not 
in Hardy-Weinberg equilibrium. 

Association between hOGG1 S326C genetic polymor-
phism and gastric cancer risk. We included 2168 gastric 
cancer patients and 4058 control subjects in the final analysis.
In the overall analysis, individuals carrying the hOGG1 GG 
genotype did not have significantly increased gastric cancer
risk compared with those carrying the CC genotype (OR= 
0.94, 95% CI= 0.78-1.14, P= 0.517) (Table 2). Similarly, no 
significant association with gastric cancer risk was found in
either a recessive model (OR= 1.07, 95% CI= 0.82-1.38, P = 
0.635) and dominant model (OR= 0.92, 95% CI= 0.81-1.03, 
P = 0.141) (Table 2, Figure 2).

Stratification analysis was further performed by the re-
gion to evaluate the effect of hOGG1 S326C polymorphism
on the risk of gastric cancer. No significant association was
found in Asian (OR= 1.13, 95% CI= 0.76-1.68, p= 0.554 for 
GG versus CC; OR= 1.23, 95% CI= 0.83-1.83, p= 0.301 for 
GG versus CG+CC, OR= 0.96, 95% CI= 0.80-1.16, p= 0.689 
for GG+CG versus CC) or European subgroup (OR= 0.85, 
95% CI= 0.57-1.29, p= 0.450 for GG versus CC; OR= 0.89, 
95% CI= 0.59-1.33, p= 0.561 for GG versus CG+CC, OR= 
0.90, 95% CI= 0.62-1.30, p= 0.568 for GG+CG versus CC) 
(Table 2, Figure 2). While in Brazilian subgroup, only 1 study 
with 2 subpopulations was included [30], and the results 
turned out that ther was no significant association between
the polymorphism and gastric cancer risk (OR= 0.81, 95% 
CI= 0.41-1.60, p= 0.552 for GG versus CC; OR= 0.79, 95% 
CI= 0.42-1.48, p= 0.459 for GG versus CG+CC, OR= 0.89, 
95% CI= 0.63-1.25, p= 0.488 for GG+CG versus CC) (Table 
2, Figure 2). After excluding 1 study [37] involving Chi-
nese population whose control had inconsistent genotype 
distribution with that of the Hardy-Weinberg equilibrium, 
no significant association was seen in any genetic model in
overall analysis or Asian subgroup.

In further sensitivity analysis, we found that the ORs in 
the study performed by Tsukino et al. [34] and the study per-
formed by Sun et al. [35] were significantly apart away from
those of other studies. When these 2 studies were excluded, 
there was no evidence of heterogeneity in the quantitative 
analysis among Asians (Phet= 0.245 for GG versus CC; Phet= 
0.318 for GG+CG versus CC; Phet= 0.409 for GG versus 
CG+CC).

Publication Bias. Both Begg’s funnel plot and Egger’s 
test were used to assess the publication bias in the present 
meta-analysis. In the funnel plot analysis, the shape of the 

Figure 1 Flow diagram of the study selection process. 
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Figure 1. Flow diagram of the study selection process.

Results

Study Characteristics. The detailed characteristics of the
studies investigated the association of hOGG1 S326C polymor-
phisms with gastric cancer were shown in Table 1, the details 
for the study searching were shown in Figure 1.

There were 282 articles relevant to the search words
(Pubmed 17, Elsivier Science Direct 252, Wanfang 3, CKNI 
10, CBM 0), of which 262 articles were excluded and a total 
of 20 articles were identified through literature search and
selection based on the inclusion criteria. Of these, 1 article 
was performed in vitro, 1 article used animals, 1 article was 
a review, 2 articles did not explore gastric cancer, and 1 ar-
ticle was not a case-control study. During the extraction of 
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recessive (A) or dominant (B) model. 

A

B

Figure 2. Forest plots of relationship between hOGG1 S326C polymorphism and risk of gastric cancer in recessive (A) or dominant (B) model. The size
of the black square corresponding to each study is proportional to the sample size, and the center of each square represents of the OR. Horizontal line 
shows the corresponding 95% CI of the OR. Pooled OR is represented by hollow diamonds and was obtained using fixed- or random- effect model.
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funnel plot seemed symmetrical (Figure 3). Furthermore, the 
Egger’s test was used to provide statistical evidence of funnel 
plot symmetry. The results still did not suggest any obvious
evidence of publication bias for all genetic models (P= 0.166 
for GG versus CC; P= 0.333 for GG versus CG+CC; P= 0.323 
for GG+CG versus CC).

Disscussion

Oxidative damage to DNA is continuously produced 
as a result of endogenous oxidative stress and exposure to 
chemical carcinogens. Among the many types of oxidative 
DNA damage, 8-OHdG residue is one of the most abundant 
oxidative products of cellular DNA, and is believed to be 
highly mutagenic because of its propensities to mispair with 

adenine during DNA replication and to cause ultimately GC 
to TA transversion [12-13]. Increase in 8-OHdG content 
in DNA was shown to elevate cancer risk in several studies 
[40]. 

The human 8-oxoguanine glycosylase 1 (hOGG1) encoded 
by the hOGGI gene located on chromosome 3 is responsible 
for repairing 8-OHdG lesions, and is ubiquitously expressed 
in a variety of organs [41].

The hOGG1 gene is expressed as multiple alternatively
spliced isoforms, and it is highly polymorphic [41]. The 1245
C>G (S326C) polymorphism is a well known hOGG1 gene 
polymorphism, caused an amino substitution from serine to 
cystein in a codon 326. Several studies have suggested that 
the hOGG1 S326C polymorphism may be associated with 
increased risks of several kinds of cancer.

Table 2 Meta-analysis of the association between the OGG1 S326C genetic polymorphism and the risk of gastric cancer

Polymorphism Study Sample size No. of 
studies

Test of association Test of heterogeneity

case control OR (95% CI) z P-value Model* x2 P-value I2(%)

GG vs. CC Overall 2140 4025 11 0.94 (0.78-1.14) 0.65 0.517 F 13.42 0.201 25.5
Asian 1082 2079 6 1.13 (0.76-1.68) 0.59 0.554 R 10.62 0.059 52.9
European 792 1614 3 0.85 (0.57-1.29) 0.76 0.450 F 2.10 0.351 4.5
Brazilian 266 332 2 0.81 (0.41-1.60) 0.60 0.552 F 0.11 0.739 0.0

GG vs. GC+CC Overall 2140 4025 11 1.07 (0.82-1.38) 0.48 0.635 R 18.44 0.048 45.8
Asian 1082 2079 6 1.23 (0.83-1.83) 1.03 0.301 R 15.20 0.010 67.1
European 792 1614 3 0.89 (0.59-1.33) 0.58 0.561 F 1.81 0.405 0.0
Brazilian 266 332 2 0.79 (0.42-1.48) 0.74 0.459 F 0.31 0.576 0.0

GG+GC vs. CC Overall 2168 4058 12 0.92 (0.81-1.03) 1.47 0.141 F 13.65 0.253 19.4
Asian 1082 2079 6 0.96 (0.80-1.16) 0.40 0.689 F 5.29 0.381 5.5
European 820 1647 4 0.90 (0.62-1.30) 0.57 0.568 R 7.63 0.054 60.7
Brazilian 266 332 2 0.89 (0.63-1.25) 0.69 0.488 F 0.20 0.655 0.0

*F: fixed-effect model; R: random-effect model

Figure 3 Funnel plots with pseudo 95% confidence limits for meta-analysis. (A) recessive model, (B) 
dominant model. 

BA

Figure 3. Funnel plots with pseudo 95% confidence limits for meta-analysis. (A) recessive model, (B) dominant model.



294 R. DING, D. J. CHEN, S. L. LIN

The association of hOGG1 S326C genetic polymorphism
with gastric cancer has been reported by a number of investi-
gators. However, the conclusions remain controversial. In the 
present meta-analysis, we retrieved 11 studies (2168 Cases and 
4058 controls) to evaluate the association of hOGG1 S326C 
genetic polymorphism with gastric cancer. Among these 
studies, 4 (820 Cases and 1647 controls) were performed 
involving Europeans[14,19], 6 studies (1082 cases and 2079 
controls) were performed involving Asians, and the other 
study (266 Cases and 332 controls) with 2 subpopulations was 
performed involving Brazilians. As far as we know, this is the 
first meta-analysis carried out with the aim of investigating the
relationship between hOGG1 S326C genetic polymorphism 
and gastric cancer. 

Compared with the wild-type CC genotype, the variant 
GG homozygous genotype was not significantly associated
with overall gastric cancer risk in the overall analysis in the 
present meta-analysis. Similarily, no statistical evidence of an 
overall effect of the S326C polymorphism on gastric cancer
risk in either recessive or dominant model was found. In the 
stratified analysis by ethnicity, still no significant association
was found between the polymorphism and gastric cancer risk 
in Asians, Europeans, and Brazilians. This is in accordance
with the results from most of the studies included. This may
be due to the fact that other polymorphisms of DNA repair 
genes involved in the repair of oxidative DNA damage may 
mask the disadvantage of the GG variant of the hOGG1 gene. 
On the other hand, life style and environmental factors such 
as H. pylori infection, diet, and smoking may also contribute 
to the development of GC. 

It is possible that hOGG1 S326C polymorphism plays dif-
ferently in different gender. Thus a stratified analysis based on 
gender should be conducted. Unfortunately, of the 11 included 
studies, there was only 1 study providing detailed information 
on the genotype distribution of hOGG1 S326C in different
gender. Therefore we could not conduct a stratified analysis
based on gender in the present study. 

There are some limitations inherent in this meta-analy-
sis. First, significance between-study heterogeneity was 
detected, which may distort the meta-analysis. Second, all 
the studies included in the present study were published 
papers. It is possible that some relevant unpublished stud-
ies that may have met the inclusion criteria were missed. 
Thus, publication bias may exist in the results although 
neither the funnel plots nor Egger’s linear regression tests 
indicated remarkable publication bias in the meta-analysis. 
Third, selection bias could have played a role because the 
genotype distribution of this polymorphism among control 
subjects deviated from the Hardy-Weinberg equilibrium 
in 1 study. Fourth, several studies had a relatively small 
sample sizes and included only one ethnic group. Fifth, in 
the subgroup analysis by ethnicity, only four studies were 
conducted in Europeans and only one study was conducted 
involving Brazilians. Therefore, to conduct a more precise 
analysis of this functional polymorphism on GC risk, addi-

tional studies with large sample size and involving different 
ethnicities are warranted.

Despite the limitations, results of the present meta-analy-
sis suggest that there was no significant association between
the hOGG1 S326C genetic polymorphism and risk of gastric 
cancer. Further studies with large sample sizes including dif-
ferent ethnic groups with a careful matching between cases 
and controls are warranted to confirm our findings.
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