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ABSTRACT. The association between the human 8-oxoguanine
glycosylase 1 (hOGG1) gene Ser326Cys polymorphism (rs1052133)
and gastric cancer has been widely evaluated, yet a definitive answer
to whether this association exists is lacking. We first conducted a
case-control study to assess this association in a large Han Chinese
population, and then performed a meta-analysis to further address this
issue. This case-control study involved 448 patients clinically diagnosed
with gastric cancer and 372 cancer-free control individuals from China.
Genotyping was conducted using the polymerase chain reaction-ligase
detection reaction method. Meta-analysis was performed by the STATA
software. Data and study quality were assessed in duplicate. Our
case-control association study indicated that there were no significant
differences in the genotype and allele distributions of the Ser326Cys
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polymorphism between gastric cancer patients and controls (P = 0.8026
for genotype, and P = 0.5857 for allele), consistent with the results of
the subsequent meta-analysis involving 2745 patients and 4588 controls
under both allelic [odds ratio (OR) = 1.02; 95% confidence interval (CI)
= 0.91-1.14; P = 0.739] and dominant (OR = 0.97; 95%CI = 0.78-1.21;
P = 0.803) models. Further subgroup analyses by ethnicity, source of
controls, and sample size also did not detect any positive associations
in this meta-analysis. Overall, our study in the Han Chinese population,
along with the meta-analysis, failed to confirm the association of the
hOGG1 gene Ser326Cys polymorphism with gastric cancer risk, even
across different ethnic populations.
Key words: Gastric cancer; hOGG1 gene; Polymorphism;
Risk association study; Meta-analysis

INTRODUCTION
Gastric cancer is one of the most common cancers worldwide and a leading cause of
cancer-related mortality. Although the incidence of gastric cancer has gradually decreased in
many Western countries, the highest incidence and mortality remains in East Asian countries
(Long et al., 2010). The etiology of gastric carcinogenesis is still not fully understood. It is
generally accepted that development of gastric cancer is a complex, multistep and multifactorial
process involving a variety of risk factors. To date, a number of environmental risk factors
including smoking, drinking, micronutrient deficiency, and Helicobacter pylori infection have
been identified. However, not all people exposed to the above factors will develop gastric
cancer, suggesting genetic involvement in gastric carcinogenesis.
Recently, it has been widely accepted that DNA damage plays an important role in
the process of tumor generation and development. The base-excision repair pathway, which is
composed of many DNA repair genes and has the function of removing DNA damage caused
by ionizing radiation and reactive oxidative species, has attracted widespread attention as a
potential mediator of tumorigenesis. The human 8-oxoguanine glycosylase 1 (hOGG1) gene,
located on chromosome 3p26, is one component of the base excision response pathway and
plays an important role the repair of damaged DNA. hOGG1 encodes a DNA glycosylase
enzyme that actively removes 8-hydroy-2-deoxyguanine, which is highly mutagenic and a
major form of oxidative DNA damage (Collins and Gaivão, 2007). Therefore, the hOGG1
gene has been regarded as a logical candidate for involvement in the underlying cause of
cancer. Meanwhile, a frequent polymorphism in the hOGG1 gene, rs1052133 (also known as
the Ser326Cys polymorphism), results in the substitution of serine by cysteine at amino acid
326 of the hOGG1 protein and has been associated with an altered risk for various types of
cancers in certain populations (Yuan et al., 2010; Wang et al., 2013). Functional studies have
revealed that the hOGG1-Cys326 protein variant appears to have normal enzymatic activity,
but maintains greater sensitivity to oxidation than does the serine variant (Kohno et al., 1998).
Recently, the hOGG1 Ser326Cys polymorphism has been widely evaluated in association
with gastric cancer across various ethnicities, yet with conflicting results, possibly due to
insufficient sample sizes, genetic backgrounds, and selection of study populations.
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In this study, we first decided to assess the association of the hOGG1 gene Ser326Cys
polymorphism gastric cancer risk in a large Han Chinese population. Then, given the
accumulating data and to shed some light on recent conflicting or inconclusive claims, we
sought to conduct a comprehensive meta-analysis of this association from both English and
Chinese published literature.

MATERIAL AND METHODS
Study population
This was a hospital-based case-control study with a total of 820 subjects consecutively
recruited from Shanghai Ruijin Hospital, China from May 2009 to December 2012 as previous
described (Hu et al., 2014). The study population included 448 unrelated patients with
histopathologically confirmed gastric cancer and 372 cancer-free controls; all subjects were
local residents of Han descent. This study was approved by the Ethics Committee of Shanghai
Jiaotong University School of Medicine, and was conducted according to the Declaration of
Helsinki Principles. All subjects signed a written informed consent.

Genotyping
Blood samples (1 mL) were collected, and genomic DNA was extracted from white
blood cells using the TIANamp Blood DNA Kit [Tiangen Biotect (Beijing) Co., Ltd., Beijing,
China]. Genotyping was conducted using the polymerase chain reaction-ligase detection
reaction (PCR-LDR) method using an ABI 9600 system (Applied Biosystems, Foster City, CA,
USA) (Wang et al., 2014). Cycling parameters were as follows: 94°C for 2 min; 35 cycles of
94°C for 15 s; 60°C for 15 s; and 72°C for 30 s; and a final extension step at 72°C for 5 min.
Two specific probes to discriminate the specific bases and one common probe were synthesized
(Ramaniuk et al., 2014). The common probe was labeled at the 3' end with 6-carboxy-fluorescein
and phosphorylated at the 5' end. The reaction conditions for the LDR were: 94°C for 2 min,
20 cycles of 94°C for 30 s, and 60°C for 3 min. After the reaction was completed, an aliquot (1
mL) LDR products were mixed with 1 mL ROX passive reference dye and 1 mL loading buffer,
denatured at 95°C for 3 min, and chilled rapidly in ice water. The fluorescent products of LDR
were differentiated using an ABI sequencer 377 (Applied Biosystems).

Statistical analysis
Comparisons between patients with gastric cancer and controls were conducted by
unpaired t-test for continuous variables and by χ2 test for categorical variables. To avoid
gross genotyping error, the Ser326Cys polymorphism was checked for consistency with
Hardy-Weinberg equilibrium by the χ2 test. Genotypes were compared by conditional logistic
regression analysis under assumptions of additive, dominant, and recessive models of
inheritance, respectively. Statistical significance was accepted as P < 0.05.

Meta-analysis
Studies with the potential to be included in the meta-analysis were identified by
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searches of the PubMed, EMBASE, ISI Web of Knowledge, and China WANFANG (www.
wanfangdata.com.cn) databases for relevant articles published as of March, 2014. Key subjects
searched in Boolean combinations were “human 8-oxoguanine glycosylase or OGG1 or
hOGG1” and “gastric cancer OR gastric carcinoma” and “polymorphism or allele or genotype
or variant or variation”. Search results were restricted to human populations and articles were
written in English or Chinese. If more than one geographic or ethnically heterogeneous group
was reported in a single article, each group was treated separately.
Studies were qualified for inclusion in the meta-analysis if they met the following
criteria: i) based on a retrospective or nested case-control design; ii) adopted a validated
genotyping method; and iii) provided genotype counts of the hOGG1 gene Ser326Cys
polymorphism between patients with gastric cancer and controls.
In the meta-analysis, we assessed the association of the hOGG1 gene 326Ser allele
with gastric cancer relative to the 326Cys allele (allelic model), as well as the homozygous
contrast, the dominant model, and the recessive model, respectively. Unadjusted odds
ratios (ORs) and 95% confidence intervals (CIs) were used to compare allele or genotype
differences between patients and controls. The random-effect model using the DerSimonian
& Laird method was implemented to bring the individual effect-size estimates together,
and the estimate of heterogeneity was taken from the Mantel-Haenszel model (Cohn and
Becker, 2003).
The concordance of Ser326Cys genotypes with Hardy-Weinberg proportions was
calculated using the χ2 test or Fisher exact test in control groups. Possible heterogeneity
between the results of individual studies or in groups defined by race, study design, or
genotyping method was assessed using the inconsistency index I2 statistic (ranging from
0 to 100%) with higher values suggesting the existence of heterogeneity (Higgins and
Thompson, 2002; Higgins et al., 2003). In the case of between-study heterogeneity, we
examined the study characteristics that could stratify the studies into subgroups with
homogeneous effects.
Funnel plots and Egger regression asymmetry tests were used to examine publication
bias. Probability less than 0.05 was judged significant except for the I2 statistic and, for
publication, Egger’s statistic, where a significance level of less than 0.1 was chosen. Data
management and statistical analyses were performed using STATA version 11.0 for Windows
(Wang et al., 2012).

RESULTS
Single-locus analysis
The success rates of genotyping the Ser326Cys polymorphism were 97.32 and 100% in
patients and controls, respectively. The genotype distributions of the examined polymorphism
followed Hardy-Weinberg equilibrium in controls (P > 0.05). There were no significant
differences in the genotype and allele distributions of the Ser326Cys polymorphism between
patients with gastric cancer and controls (P = 0.8026 for genotype, and P = 0.5857 for allele),
and this non-significance was also mirrored under assumptions of the additive (OR = 0.95;
95%CI = 0.78-1.15; P = 0.588), dominant (OR = 0.96; 95%CI = 0.72-1.28; P = 0.786) and
recessive (OR = 0.88; 95%CI = 0.61-1.27; P = 0.509) models (Table 1).
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Table 1. Alleles and genotype distributions of the hOGG1 gene Ser326Cys polymorphism between cases
(N = 436) and controls (N = 372).
Status		

Ser326Cys genotypes (N)		

SerSer

SerCys

Cases
154
Controls
128
		

Ser326Cys alleles (%)

CysCys

Ser

210
72
176
68
2
χ = 0.4397; P = 0.8026		

Additive modela
0.95; 0.78-1.15; 0.588

59.40
58.06

Dominant modela
0.96; 0.72-1.28; 0.786

Cys
40.60
41.94
2
χ = 0.2972; P = 0.5857

Recessive modela
0.88; 0.61-1.27; 0.509

P values were calculated using the χ2-test from a series of 3 x 2 contingency tables for genotype data and 2 x 2
contingency tables for allele data. aData are reported as odds ratio; 95% confidence interval; P values for genetic
modes of inheritance.

Eligible articles for meta-analysis and study characteristics
The initial search yielded 25 potentially relevant articles. After applying the inclusion/
exclusion criteria, 13 articles were eligible for inclusion in the meta-analysis (Shinmura et al., 1998;
Hanaoka et al., 2001; Takezaki et al., 2002; Tsukino et al., 2004; Poplawski et al., 2006; Capellá
et al., 2008; Farinati et al., 2008; Canbay et al., 2010; Malik et al., 2010; Palli et al., 2010; Sun et
al., 2010; Liu et al., 2011; Engin et al., 2011). In total, 14 separate studies plus the present study,
encompassing a total of 2745 patients with gastric cancer and 4588 controls, were meta-analyzed,
with seven studies conducted in Asians, four in Caucasians, and four in other populations.
Besides the present study, twelve studies were conducted using a hospital-based
design and three studies used a population-based design. Thirteen studies utilized a PCR-based
genotyping method, while two studies utilized TaqMan or probe methodologies. Baseline
characteristics of the qualified studies are shown in Table 2. The genotype distributions of the
hOGG1 gene Ser326Cys polymorphism were in agreement with Hardy-Weinberg equilibrium
among control groups of all studies.
Table 2. Baseline characteristics of all eligible studies.
References
Race
Country
			
Shinmura (1998)
Hanaoka (2001)
Hanaoka (2001)
Takezaki (2002)
Tsukino (2004)
Poplawski (2006)
Capella (2008)
Farinati (2008)
Palli (2010)
Malik (2010)
Sun (2010)
Canbay (2010)
Liu (2011)
Engin (2011)
Hu (the present study)

Asian
Others
Others
Asian
Asian
Caucasian
Caucasian
Caucasian
Caucasian
Asian
Asian
Others
Asian
Others
Asian

Japanese
Japanese Brazilians
non-Japanese Brazilians
China
Japanese
Poland
Spain
Italy
Italy
India
China
Turkey
China
Turkey
China

Sources Genotyping Ca
Ca
Ca
Con
Con
Con HWE
of Con. method
SerSer SerCys CysCys SerSer SerCys CysCys
HCC
HCC
HCC
PCC
HCC
HCC
PCC
HCC
PCC
HCC
HCC
HCC
HCC
HCC
HCC

PCR-SSCP
PCR-SSCP
PCR-SSCP
PCR-SSCP
PCR-SSCP
PCR-SSCP
Probe
PCR-RFLP
TaqMan
PCR-SSCP
PCR-RFLP
PCR-RFLP
PCR-HMR
PCR-RFLP
PCR-LDR

9
20
133
20
32
22
279
33
192
50
21
24
114
53
154

16
29
67
61
75
6
137
15
101
51
19
13
302
42
210

10
9
8
20
35
0
22
2
11
7
33
3
202
11
72

15
44
123
30
74
18
621
36
325
94
72
171
144
51
128

20
56
74
120
141
15
352
7
191
89
119
69
447
47
176

7
27
8
48
56
0
53
0
29
12
64
7
322
18
68

>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

HCC = hospital-based case-control study; PCC = population-based case-control study; Ca = case; Con = control;
HWE = Hardy-Weinberg equilibrium in the control group; PCR-SSCP = PCR-single strand conformational
polymorphism; PCR-RFLP = PCR-restriction fragment length polymorphism; PCR-HMR = PCR-high-resolution
melting curve; PCR-LDR = PCR-ligase detection reactions.
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Meta-analysis results

After combining all studies qualified, we found a null association of the hOGG1 gene
Ser326Cys polymorphism with gastric cancer under both allelic (OR = 1.02; 95%CI = 0.911.14; P = 0.739) and dominant (OR = 0.97; 95%CI = 0.78-1.21; P = 0.803) models, and this
association suffered from significant evidence of heterogeneity between studies (allelic and
Figure
1. Forest
plotsI2of= the
hOGG1
Ser326Cys
cancer
under bothofallelic (A) and dominant (B) mo
dominant
models:
41.7%
andgene
39.9%)
(Figurepolymorphism
1). However,with
theregastric
was low
probability
publication bias for both models (PEgger = 0.163 and 0.404) (Figure 2).
A Study
ID

（1998）
Shinmura K
（2001）
Hanaoka T
（2001）
Hanaoka T
Takezaki T (2002)
Tsukino H(2004)
Poplawski T(2006)
（2008）
Capella G
Farinati F (2008)
Palli D (2010)
Malik MA (2010)
Sun LM (2010)
Canbay E(2010)
（2011）
Liu X
Engin AB (2011)
（the present study)
Hu WG
Overall (I-squared = 41.7%, p = 0.046)

OR (95% CI)

%
Weight

0.64 (0.34, 1.22)
1.12 (0.72, 1.75)
1.13 (0.81, 1.58)
1.20 (0.85, 1.68)
0.84 (0.63, 1.12)
2.45 (0.88, 6.82)
1.10 (0.91, 1.34)
0.38 (0.15, 0.95)
1.17 (0.92, 1.49)
0.95 (0.66, 1.36)
0.67 (0.46, 0.98)
0.65 (0.37, 1.14)
1.11 (0.96, 1.29)
1.29 (0.87, 1.92)
1.06 (0.87, 1.29)
1.02 (0.91, 1.14)

2.57
4.62
6.88
6.78
8.28
1.09
11.93
1.34
9.84
6.18
6.00
3.16
14.16
5.47
11.71
100.00

B

Study
ID
（1998）
Shinmura K
（2001）
Hanaoka T
（2001）
Hanaoka T
Takezaki T (2002)
Tsukino H(2004)
（2008）
Capella G
Farinati F (2008)
Palli D (2010)
Malik MA (2010)
Sun LM (2010)
Canbay E(2010)
（2011）
Liu X
Engin AB (2011)
（the present study)
Hu WG
Poplawski T(2006)
Overall (I-squared = 39.9%, p = 0.061)

NOTE: Weights are from random effects analysis

OR (95% CI)

%
Weight

0.50 (0.17, 1.49)
1.47 (0.64, 3.37)
1.02 (0.37, 2.76)
1.30 (0.72, 2.33)
0.80 (0.49, 1.29)
1.03 (0.62, 1.72)
0.22 (0.01, 4.77)
1.50 (0.74, 3.04)
0.95 (0.36, 2.48)
0.41 (0.24, 0.70)
0.36 (0.09, 1.45)
1.12 (0.90, 1.39)
1.59 (0.71, 3.54)
1.13 (0.79, 1.63)
(Excluded)
0.97 (0.78, 1.21)

3.29
5.16
3.83
8.32
10.44
9.81
0.48
6.49
4.06
9.19
2.14
17.93
5.42
13.44
0.00
100.00

NOTE: Weights are from random effects analysis
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.2

1

3

Figure
1. Forest
plots of
the hOGG1
gene
Ser326Cys bias
polymorphism
withhOGG1
gastric cancer
under both
allelic (A) and A) 326Ser allele vs 326Cys al
Figure
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plots of
publication
tests for the
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Figure 2. Begg’s funnel plots of publication bias tests for the hOGG1 Ser326Cys polymorphism. A. 326Ser allele
vs 326Cys allele. B. 326 SerSer vs 326 CysCys. C. Dominant model. D. Recessive model.
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Considering the fact that ethnicity differences might bias the overall estimates, we
therefore conducted separate analyses based on subject ethnicity. We classified seven study
populations as Asian, 4 as Caucasian, and 4 as “other” population groups. As shown in Table
3, comparison of 326Ser versus 326Cys generated a weakly protective albeit nonsignificant
tendency for gastric cancer incidence in Asians (OR = 0.97; 95%CI = 0.91-1.14; P = 0.495),
whereas a contrary tendency was observed in Caucasians (OR = 1.08; 95%CI = 0.79-1.49;
P = 0.616) and in “Others” (OR = 1.07; 95%CI = 0.84-1.37; P = 0.574). Similar tendencies
were noted for the other genetic models except for Asians in the recessive model (OR = 1.05;
95%CI = 0.90-1.23; P = 0.538) (Table 3).
To account for potential sources of heterogeneity, we also conducted a set of subgroup
analyses according to the source of controls and the genotyping method. Upon stratification
by control source, no significant association was detected in the comparison between hospitaland population-based groups. However, these two groups exhibited contrary tendencies.
Similarly, upon stratification by genotyping method, the PCR-based group and the TaqMan
or probe groups also showed contrary tendencies, although no evidence of significance was
identified between these two groups.

DISCUSSION
As hOGG1 has an important role in DNA repair, it is biologically plausible that
hOGG1 genetic polymorphism might modulate the risk of various cancers, with respect
to the hOGG1 Ser326Cys polymorphism in particular. A meta-analysis of ten case-control
studies suggested that the hOGG1 326Cys allele had a significant protective effect for breast
cancer in European women (Yuan et al., 2010). Furthermore, a meta-analysis of eight casecontrol studies suggested that the hOGG1 Ser326Cys polymorphism was associated with
hepatocellular carcinoma risk among East Asians (Wang et al., 2013).
Although numerous studies have regarded the hOGG1 gene Ser326Cys polymorphism
as a promising candidate for gastric cancer, our case-control study in a large Han Chinese
population, along with the subsequent meta-analysis, failed to confirm this relationship, even
across different ethnic populations. However, we found that there was a low probability of
publication bias for all genotypic models, indicating the robustness of our findings. To the
authors’ knowledge, this is the most comprehensive meta-analysis investigating the genetic
susceptibility of hOGG1 gene Ser326Cys polymorphism variants to gastric cancer.
Several strengths distinguishing the present investigation merit consideration. First,
this is to date the largest synthesis exploring the association of the hOGG1 gene Ser326Cys
polymorphism with gastric cancer. Second, the results of the present case-control study were in
line with those of the corresponding meta-analysis. Furthermore, this updated meta-result was
similar to those from previous meta-analyses (Wang et al., 2011; Li et al., 2012). Third, our results
are little prone to selection bias in view of the low identified probability of publication bias.
In addition, some limitations should be considered when interpreting our findings.
First, as with all meta-analyses, publication bias might have occurred because our analyses
were based entirely on published studies from English- and Chinese-language journals.
Second, although the adopted random-effect model takes both between-study variance
and within-study variances into account, this model cannot be regarded as a panacea for
heterogeneity (Spector and Thompson, 1991). Furthermore, as stated by Higgins et al. (2009),
Genetics and Molecular Research 14 (4): 14670-14679 (2015)
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Ser vs Cys				

Ser/Ser vs Cys/Cys			
Dominant				

Recessive
Pheterogeneity
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HCC = hospital-based case-control study; PCC = population-based case-control study; OR= odds ratio; CI= confidence interval.

Total
15 1.02 (0.91, 1.14) 0.739 41.7
0.046
14 1.04 (0.85, 1.29) 0.689 22.3
0.211
14 0.97 (0.78, 1.21) 0.803 39.9
0.061
15 1.08 (0.96, 1.21) 0.194 8.6
0.357
Race																				
Asians
7 0.97 (0.84, 1.12) 0.660 45.9
0.086
7 0.96 (0.72, 1.29) 0.798 41.5
0.114
7 0.88 (0.65, 1.19) 0.412 60.8
0.018
7 1.05 (0.90, 1.23) 0.538 0
0.582
Caucasians
4 1.08 (0.79, 1.49) 0.616 61.2
0.052
3 1.19 (0.77, 1.83) 0.446 4.50
0.351
3 1.14 (0.75, 1.71) 0.543 0
0.405
4 1.11 (0.77, 1.61) 0.568 60.7
0.054
Others
4 1.07 (0.84, 1.37) 0.574 24.4
0.265
4 1.13 (0.63, 2.01) 0.691 25.0
0.261
4 1.15 (0.68, 1.96) 0.597 18.5
0.298
4 1.08 (0.83, 1.40) 0.586 0
0.470
Design																				
HCC
12 0.96 (0.83, 1.12) 0.609 49.5
0.026
11 0.95 (0.73, 1.24) 0.698 30.8
0.153
11 0.89 (0.68, 1.17) 0.408 49.1
0.033
12 1.02 (0.87, 1.20) 0.818 21.1
0.236
PCC
3 1.14 (0.99, 1.31) 0.064 0
0.890
3 1.30 (0.90, 1.88) 0.159 0
0.604
3 1.21 (0.86, 1.70) 0.269 0
0.676
3 1.17 (0.98, 1.39) 0.081 0
0.856
Genotyping method																				
PCR-based
13 0.98 (0.86, 1.13) 0.807 47.1
0.030
12 0.99 (0.77, 1.27) 0.944 29.8
0.154
12 0.93 (0.72, 1.19) 0.563 46.2
0.040
13 1.04 (0.89, 1.21) 0.636 18.4
0.258
Probe or Taqman 2 1.13 (0.97, 1.31) 0.120 0
0.722
2 1.23 (0.81, 1.86) 0.341 0
0.419
2 1.17 (0.77, 1.77) 0.457 0
0.401
2 1.15 (0.96, 1.38) 0.128 0
0.941

Study OR (95%CI)
P
I2
Pheterogeneity
Study OR (95%CI)
P
I2
Pheterogeneity
Study OR (95%CI)
P
I2
Pheterogeneity
Study OR (95%CI)
P
I2
number			
(%)		number			
(%)		number			
(%)		number			
(%)

Subgroup		

Table 3. Overall and subgroup analysis of the hOGG1 gene Ser326Cys polymorphism and gastric cancer.
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the assumption of true quantities from the individual studies following a certain probability
distribution in a random-effect model is somewhat arbitrary and makes the interpretation of its
predictions difficult. Third, we focused on only one polymorphism in the hOGG1 gene, and
did not cover other susceptibility genes or polymorphisms. Given these limitations, we cannot
jump to a final conclusion until further verification of our findings in vitro, in vivo, and in large
prospective studies.
In summary, this case-control study in Han Chinese, along with the comprehensive
meta-analysis, failed to confirm the association of the hOGG1 gene Ser326Cys polymorphism
with gastric cancer risk, even across different ethnic populations. Nevertheless, for practical
reasons, we hope that this study will not remain just another endpoint of research instead of a
starting point to establish the background data to further investigate the molecular mechanisms
of the hOGG1 gene and gastric cancer.
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