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Association between the hOGG1 Ser326Cys
polymorphism and lung cancer susceptibility: a
meta-analysis based on 22,475 subjects
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Abstract

Objectives: The Ser326Cys polymorphism in the human 8-oxogunaine glycosylase (hOGG1) gene with lung cancer
susceptibility had been investigated, but results were inconsistent and underpowered. The aim of this study was to
conduct a meta-analysis assessing the association of hOGG1 Ser326Cys polymorphism with risk of lung cancer.

Materials and methods: Relevant studies were identified through a search of MEDLINE, PubMed, Web of Science,
EMBASE, and Chinese Biomedical Literature database (CBM) using terms “lung cancer”, “hOGG1” or “OGG1”,
“polymorphism” or “variation” and the last search updated on May 1, 2013. In this meta-analysis, we assessed 30
published studies involving 22,475 subjects that investigated the association between the hOGG1 Ser326Cys
polymorphism and lung cancer susceptibility.

Results: Overall, the hOGG1 Ser326Cys polymorphism was not associated with lung cancer susceptibility in
different genetic models (dominant model comparison: OR = 0.133; 95% CI = 0.111–0.161; Pheterogeneity = 0.000), and
recessive model: OR = 0.543; 95% CI = 0.399–0.739; Pheterogeneity = 0.000). Similarly, in the stratified analyses by
ethnicity, significantly increased risks were found among Asians for homozygote comparison (OR = 0.850; 95%
CI = 0.732 0.986; Pheterogeneity = 0.064), and dominant model (OR = 0.160; 95% CI = 0.137–0.187; Pheterogeneity = 0.001),
and Caucasians for dominant model (OR = 1.35; 95% CI = 1.03–1.77; Pheterogeneity = 0.015), and recessive model
(OR = 1.35; 95% CI = 1.03–1.77; Pheterogeneity = 0.015). In population-based populations, marginally significant
increased risks were found in dominant model (OR = 0.143; 95% CI = 0.111 0.184; Pheterogeneity = 0.000) and recessive
model (OR = 0.429; 95% CI = 0.261–0.705; Pheterogeneity = 0.000). We also found a significant difference between
hOGG1 Ser326Cys genotype and lung cancer susceptibility in studies with hospital-based controls for homozygote
model (OR = 0.798; 95% CI = 0.649–0.982; Pheterogeneity = 0.007),dominant model (OR = 0.122; 95% CI = 0.091–0.163;
Pheterogeneity = 0.000).

Conclusion: Our data showed that the hOGG1 Ser326Cys polymorphism contributed to the risk of lung cancer.

Virtual slides: The virtual slides for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/vs/
3842531131031605
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Introduction
Lung cancer has become one of the most common malig-
nancies all over the world with an extremely low survival
rate is one of the leading causes to contribut to cancer
mortality [1]. A number of environmental and genetic risk
factors for lung cancer have been identified, and it is
caused primarily by tobacco smoke, as manifested by the
fact that 80% to 90% of lung cancer patients are smokers,
while “only” 10% to 15% of heavy smokers develop lung
cancer, suggesting the existence of personal risk factors of
genetic origin, which predispose a fraction of smokers to
the disease [2-5]. DNA damage may lead to carcinogenesis
through inactivation of tumor suppressor genes or activa-
tion of oncogenes [6,7], and recent studies have focused
on the association between genetic polymorphisms in dif-
ferent genes and risk of lung cancer [8-10], and they were
certified by different techniques [11].
The 8-oxoguanine lesion is one of themajor forms of

oxidative DNA damage [12,13], and it can be removed
from DNA by human 8-oxoguanine DNA N-glycosylase
1 (hOGG1) [14]. This glycosylase has been suggested as
a possible suppressor of lung carcinogenesis in OGG1-
knockout mice [15], and in a bacterial complementation
assay system the hOGG1 Cys326 allele was postulated to
reduce the activity of 8-oxoguanine lesion removal [16].
8-Oxodeoxyguanosine, the most abundant lesion gener-
ated by oxidative stress from the environment and nor-
mal cellular metabolism, is highly mutagenic resulting in
GC to TA transversion [17,18]. hOGG1 gene located on
chromosome 3 encodes a DNA glycosylase/apurinic-
apyrimidinic lyase that catalyzes the excision and
removal of 8-hydroy-2-deoxyguanine adducts [19]. An
approximately 2-fold increased risk of lung cancer asso-
ciated with the Cys/Cys or Ser/Cys genotype of hOGG1
has been observed in many different ethnicity popula-
tions [20-22]. In the past years, the hOGG1 Ser326Cys
polymorphism has attracted widespread attention. Pre-
vious epithio studies were performed to identify the as-
sociation of Ser326Cys polymorphism with lung cancer
risk [16,20-46]. However, the results remain inconclusive
and inconsistent. Therefore, a meta-analysis was per-
formed in our present study to further evaluate the asso-
ciation between hOGG1 Ser326Cys polymorphism and
lung cancer risk, by which can facilitate this disease pre-
vention and diagnosis.

Materials and methods
Publication search
A comprehensive search strategy was conducted towards
the electronic databases including MEDLINE, PubMed,
Web of Science, EMBASE, and Chinese Biomedical
Literature database (CBM) using terms “lung cancer”,
“hOGG1” or “OGG1”, “polymorphism” or “variation” and
the last search updated on May 1, 2013. Among the
studies retrieved, eligible ones were determined and their
bibliographies were evaluated for other relevant publica-
tions. Review articles and bibliographies of other relevant
studies identified were hand-searched to identify add-
itional eligible studies. Only published studies with full
text articles were included. When more than one of the
same patient population was included in several publica-
tions, only the most recent or complete study was used
in this meta-analysis.

Inclusion criteria and exclusion criteria
The following inclusion criteria were used to select lite-
ratures for the meta-analysis: (1) Only the case–control
studies were considered; (2) The paper should clearly
describe lung cancer diagnoses and the sources of cases
and controls; (3) The authors must offer the size of the
sample, OR and their 95% CI or the information that
can help infer the results in the papers (provided the
number of individuals homozygous for Ser/Ser, Cys/Cys
and heterozygous for Ser/Cys in lung cancer cases and
controls). The exclusion criteria were: (1) none-case–
control studies; (2) control population including malig-
nant tumor patients; and (3) duplicated publications.

Data extraction
Information was carefully extracted from all eligible pub-
lications independently by two authors according to the
inclusion and exclusion criteria listed above. An agree-
ment was reached by discussion between the two re-
viewers whenever there was a conflict. The following
data were collected from each study: first author’s sur-
name, year of publication, country, ethnicity, source of
controls (Population-Based and Hospital-Based popula-
tion), and numbers of cases and controls with the Ser/
Ser, Ser/Cys, and Cys/Cys genotypes, respectively. Diffe-
rent ethnicity descents were categorized as Caucasian
and Asian population. When studies included subjects
of more than one ethnicity and were able to separate,
data were extracted separately for each ethnic group.
We did not define any minimum number of patients to
include a study in our meta-analysis.

Statistical analysis
Crude odds ratios (ORs) with 95% confidence intervals
(CIs) were used to assess the strength of association bet-
ween the hOGG1 Ser326Cys polymorphism and lung
cancer risk according to the method of Woolf [47].
Homozygote model (Ser/Ser vs Cys/Cys), heterozygote
model (Ser/Ser vs Ser/Cys, Ser/Cys VS Cys/Cys), domi-
nant (Ser/Ser + Ser/Cys vs Cys/Cys), recessive model
(Ser/Ser vs Ser/Cys + Cys/Cys) and Ser-allele compared
Cys-allele model (Ser-allele vs Cys-allele) were esti-
mated, respectively. Subgroup analyses were done by
ethnicity and source of controls. Both fixed-effects
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model using the Mantel–Haenszel method [48] and
random-effects model using the DerSimonian and Laird
method [49] were used to pool the results.
Heterogeneity assumption was checked by the Chi-

square-based Q-test [50]. A P-value greater than 0.10 for
the Q-test indicates a lack of heterogeneity among stu-
dies, so the pooled OR estimate of the each study was
calculated by the fixed-effects model. Otherwise, the
random-effects model was used. The significance of the
pooled OR was determined by the Z-test, and P < 0.05
was considered as statistically significant. One-way sensi-
tivity analyses were performed to assess the stability of
the results, namely, a single study in the meta-analysis
was deleted each time to reflect the influence of the in-
dividual data set to the pooled OR. Begg’s funnel plots
[51] and Egger’s regression method [52] were used to
assess publication bias statistically (p < 0.05 was consi-
dered representative of statistically significantly publica-
tion bias). Hardy–Weinberg equilibrium in the control
Figure 1 Flow chart illustrating the selection of studies.
group was tested by the Chi-square test for goodness of
fit, and a P-value of <0.05 was considered significant. All
of the calculations were performed using STATA version
12.0 (Stata Corporation, College Station, TX).

Results
Study characteristics
Studies relevant to the searching words were retrieved
originally. The initial search algorithm retrieved 229
references. After careful review of the abstracts, 155 of
studies were excluded because they obviously did not
meet the inclusion criteria for the meta-analysis. After
this exclusion, 74 studies were left for full publication
review. After review of the complete articles, 47 studies
were excluded because of a lack of sufficient information
or methods discrepancies. A total of 30 studies involving
10,327 lung cancer cases and 12,148 controls were
ultimately analyzed (Figure 1). Table 1 presents the main
characteristics of these studies. Almost all of the cases



Table 1 Main characteristics of these studies included in this meta-analysis

First author
[Inference]

Year Country Ethnicity Control
source

Cases Controls PHWE

Ser/Ser Ser/Cys Cys/Cys Ser/Ser Ser/Cys Cys/Cys

Kohno 1998 Japan Asian PB 16 19 10 15 20 7 0.93

Le Marchand a 2002 USA Caucasian PB 78 39 9 98 53 8 0.81

Le Marchand b 2002 USA Asian PB 30 40 27 50 74 26 0.88

Lan 2004 China Asian PB 37 61 20 51 43 15 0.23

Vogel 2004 Denmark Caucasian PB 149 93 14 159 91 19 0.24

Loft 2006 Denmark Caucasian PB 144 93 14 154 88 19 0.20

Matullo 2006 Italy Caucasian PB 66 46 4 673 371 50 0.90

Sorensen 2006 Denmark Caucasian PB 254 155 22 479 284 33 0.26

Zienolddiny 2006 Italy Caucasian PB 182 100 44 194 117 75 0.01

Hatt 2008 Denmark Caucasian PB 92 58 8 93 59 12 0.54

Karahalil 2008 Turkey Caucasian PB 86 65 14 115 106 29 0.55

Okasaka 2009 Japan Asian PB 117 257 141 250 544 236 0.07

Li 2011 China Asian PB 83 208 164 60 219 164 0.33

Qian 2011 China Asian PB 100 288 193 125 291 185 0.59

Sugimura 1999 Japan Asian HB 85 115 41 63 107 27 0.08

Wikman 2000 Germany Caucasian HB 68 32 5 60 43 2 0.07

Ito 2002 Japan Asian HB 40 71 27 68 118 54 0.84

Sunaga 2002 Japan Asian HB 54 106 38 50 66 36 0.13

Park 2004 USA Caucasian HB 101 65 13 255 87 8 0.86

Hung 2005 European Caucasian HB 1401 661 93 1368 716 79 0.22

Liang 2005 China Asian HB 27 132 68 28 123 76 0.04

Wang 2005 China Asian HB 49 51 24 45 70 13 0.06

Kohno 2006 Japan Asian HB 285 544 268 123 190 81 0.63

De Ruyck 2007 Belgium Caucasian HB 74 33 3 60 46 4 0.18

Chang 2009 China Asian HB 142 518 436 154 482 361 0.74

Gao 2009 China Asian HB 27 35 24 30 49 11 0.19

Miyaishi 2009 Japan Asian HB 27 55 26 39 54 28 0.27

Liu 2010 China Asian HB 68 158 132 110 294 312 0.01

Janik 2011 Poland Caucasian HB 48 24 16 57 21 1 0.54

Kohno 2011 Japan Asian HB 115 162 100 98 164 63 0.70
a,b Two different ethnicity studies in one publication. PB Population-Based Study, HB Hospital-Based Study, PHWE P value of Hardy–Weinberg Equilibrium.
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were histologically confirmed. Controls were mainly
healthy populations. There were a total of 30 studies
including 17 groups of Asians, and 13 groups of
African-Americans. Simultaneously, there were 14
population-based studies and 16 hospital-based stu-
dies. The distribution of genotypes in the controls of
all studies was in agreement with Hardy–Weinberg
equilibrium except for three studies [27,37,44].

Meta-analysis results
Table 2 lists the main results of this meta-analysis. Over-
all, significantly elevated lung cancer risk were associated
in both dominant (OR = 0.133; 95% CI = 0.111–0.161;
Pheterogeneity = 0.000, P = 0.000) (Figure 2), and recessive
model (OR = 0.543; 95% CI = 0.399–0.739; Pheterogeneity =
0.000, P = 0.000) (Figure 3) when all the eligible studies
were pooled into the meta-analysis. However, there were
no significant associations in homozygote model (OR =
0.885; 95% CI = 0.765–1.024; Pheterogeneity = 0.002, P = 0.101),
heterozygote model (OR = 0.982; 95% CI = 0.898–1.075;
Pheterogeneity = 0.023, P = 0.698 for Ser/Ser vs Ser/Cys
model; OR = 0.909; 95% CI = 0.802–1.029; Pheterogeneity =
0.006, P = 0.131 for Ser/Cys vs Cys/Cys), and also the
Ser-allele were not associated with an increased cancer



Table 2 Main results of pooled odds ratios (ORs) with confidence interval (CI) in the meta-analysis

Variables No. of studies Ser/Ser vs Cys/Cys Ser/Ser vs Ser/Cys Ser/Cys vs Cys/Cys

OR (95% CI) Ph P OR (95% CI) Ph P OR (95% CI) Ph P

Total 30 0.885(0.765 1.024) 0.002 0.101 0.982(0.898 1.075) 0.023 0.698 0.909(0.802 1.029) 0.006 0.131

Ethnicity

Asian 17 0.850(0.732 0.986) 0.064 0.032 0.973(0.860 1.100) 0.102 0.659 0.887(0.771 1.020) 0.012 0.092

Caucasian 13 0.946(0.683 1.310) 0.005 0.738 0.993(0.866 1.138) 0.041 0.915 0.970(0.734 1.281) 0.070 0.829

Source of controls

PB 14 0.993(0.810 1.216) 0.069 0.945 0.974(0.877 1.083) 0.377 0.630 0.956(0.833 1.098) 0.367 0.527

HB 16 0.798(0.649 0.982) 0.007 0.033 0.991(0.858 1.144) 0.007 0.900 0.837(0.689 1.017) 0.001 0.073

Variables No. of studies Ser/Ser + Ser/Cys vs Cys/Cys (dominant) Ser/Ser vs Ser/Cys + Cys/Cys (recessive) Ser allele vs Cys allele

OR (95% CI) Ph P OR (95% CI) Ph P OR (95% CI) Ph P

Total 30 0.133(0.111 0.161) 0.000 0.000 0.543(0.399 0.739) 0.000 0.000 0.947(0.880 1.019) 0.000 0.143

Ethnicity

Asian 17 0.160(0.137 0.187) 0.001 0.000 0.875(0.684 1.118) 0.000 0.285 0.931(0.865 1.000) 0.064 0.052

Caucasian 13 0.101(0.069 0.147) 0.000 0.000 0.300(0.198 0.454) 0.000 0.000 0.970(0.836 1.125) 0.000 0.686

Source of controls

PB 14 0.143(0.111 0.184) 0.000 0.000 0.429(0.261 0.705) 0.000 0.001 0.979(0.897 1.069) 0.087 0.644

HB 16 0.122(0.091 0.163) 0.000 0.000 0.670(0.455 0.986) 0.000 0.042 0.916(0.817 1.026) 0.000 0.131

Ph P value of heterogeneity.
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risk compared with the Cys-allele model (OR = 0.947;
95% CI = 0.880–1.019; Pheterogeneity = 0.000, P = 0.143).
In the stratified analysis by ethnicity, significantly in-

creased risks were found among Asians for homozygote
model (OR = 0.850; 95% CI = 0.732 0.986; Pheterogeneity =
0.064, P = 0.032), dominant model (OR = 0.160; 95%
CI = 0.137–0.187; Pheterogeneity = 0.001, P = 0.000) (Table 2
and Figure 2). Simultaneously, significantly increased risks
were found among Caucasians for dominant model
(OR = 1.35; 95% CI = 1.03–1.77; Pheterogeneity = 0.015)
(Table 2 and Figure 2), and recessive model (OR = 1.35;
95% CI = 1.03–1.77; Pheterogeneity = 0.015) (Table 2 and
Figure 3). However, no significant associations were found
in both Asians and Caucasians for other genetic models
(Table 2). When stratifying this meta-analysis by control
sources, we also found a significant difference between
hOGG1 Ser326Cys genotype and lung cancer susceptibi-
lity in studies with hospital-based controls for homozygote
model (OR = 0.798; 95% CI = 0.649–0.982; Pheterogeneity =
0.007; P = 0.033), dominant model (OR = 0.122; 95% CI =
0.091–0.163; Pheterogeneity = 0.000; P = 0.000), and recessive
model (OR = 0.670; 95% CI = 0.455–0.986; Pheterogeneity =
0.000; P = 0.042) (Table 2). In population-based studies,
marginally significant increased risks were found in
dominant model (OR = 0.143; 95% CI = 0.111 0.184;
Pheterogeneity = 0.000; P = 0.000) and recessive model
(OR = 0.429; 95%CI = 0.261–0.705; Pheterogeneity = 0.000;
P = 0.001) (Table 2).
Test of heterogeneity
There was significant heterogeneity for homozygote
comparison (P = 0.002), heterozygote comparison (P =
0.023 for Ser/Ser vs Ser/Cys model and P = 0.006 for
Ser/Cys vs Cys/Cys), dominant model comparison
(P = 0.000), recessive model comparison (P = 0.000)
and Ser-allele vs Cys-allele comparison (P = 0.000).
After assessing the source of heterogeneity for all
genetic model comparison by subgroup analysis on
ethnicity and control sources, the heterogeneity was
partly decreased. When we deleted these three studies
[27,37,44] for departure from HWE, the heterogeneity
was completely removed.

Sensitivity analysis
A single study involved in the meta-analysis was deleted
each time to reflect the influence of the individual data
set to the pooled ORs, and the corresponding pooled
ORs indicated that three studies were the main origin of
heterogeneity. The heterogeneity was completely re-
moved after exclusion of these studies. Although these
studies did not follow HWE, the corresponding pooled
ORs were not materially altered with or without inclu-
ding them almost in all genetic models. Similarly, no
other single study influenced the pooled OR qualita-
tively, as indicated by sensitivity analysis, suggesting
that the results of this meta-analysis are stable (Data
were not show in this paper).



Figure 2 Forest plot of the odds ratios (ORs) and 95% confidence intervals (CIs) of studies of the association between the lung cancer
risk and the hOGG1 Ser326Cys polymorphism (Dominant model comparison).
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Publication bias
Begg’s funnel plot and Egger’s test were performed to as-
sess the publication bias of the literature. The shapes of
the funnel plots did not reveal any evidence of obvious
asymmetry in all comparison models (Figure 4). Further-
more, Egger’s test was used to provide statistical evi-
dence for funnel plot symmetry. The results still did not
suggest any evidence of publication bias.

Discussion
It is well recognized that there is a range of individual
susceptibility to the same kind of cancer even with identi-
cal environmental exposure. Host factors, including poly-
morphisms of genes involved in carcinogenesis, may have
accounted for this difference. Therefore, genetic suscep-
tibility to cancer has been a research focus in scientific
community. Among the common single nucleotide poly-
morphisms (SNPs) of the hOGG1 gene, one located in
exon 7, resulting in an amino acid substitution of serine
(Ser) with cysteine (Cys) at codon 326 (Ser326Cys,
rs1052133), has been demonstrated to affect hOGG1
function [53]. The protein resulting from this substitution
exhibits reduced DNA repair activity [53], and this SNP
has been reported to be associated with the risk of many
types of cancer [54]. Epidemiological studies of the OGG1
Ser326Cys polymorphism in relation to cancer have
yielded mixed results with a weak association between the
OGG1 Ser326Cys genotype and the risk of lung cancer.
Wikman et al. carried out a case–control study which sug-
gested that the hOGG1 polymorphisms were probably not
major contributors to individual lung cancer susceptibility
in Caucasians [33]. Hung et al. also observed that there
were no such associations between them [36]. The same
results were found in other studies [23]. Sugimura et al.
found that the Ser326Cys polymorphism was not asso-
ciated with an increased risk of lung cancer in any sub-
types; however, when homozygous Cys326Cys were
compared with other genotypes in combination, an in-
creased risk was observed for the squamous cell carci-
noma and nonadenocarcinoma after adjustment for age



Figure 3 Forest plot of the odds ratios (ORs) and 95% confidence intervals (CIs) of studies of the association between the lung cancer
risk and the hOGG1 Ser326Cys polymorphism (Recessive model comparison).

Figure 4 Begg funnel plot analysis to detect potential publication bias.
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and smoking [32]. Ito et al. found no any effects of the
OGG1 Ser326Cys polymorphism on the development of
either adenocarcinomas or small cell carcinoma [34]. De
Ruyck et al. found a reduced cancer risk associated with
the OGG1 Ser326Cys polymorphism [40]. Individual
studies on the relationships between SNPs of genes and
cancer risk always yield inconsistent and controversial re-
sults partly because of a rather small sample size and low
precision. Meta-analysis could solve the problem caused
by the low statistical power of single studies and enable
drawing of a more robust conclusion. Since there have
been contradictory findings so far, we conducted a meta-
analysis of 10,327 lung cancer cases and 12,148 controls
to investigate its association with lung cancer risk.
The meta-analysis of Hung et al. showed that the sum-

mary OR was 1.37 (95% CI = 1.02–1.82) for the Cys/Cys
genotype in various ethnic populations combined [55].
Li et al. performed another meta-analysis showed that
individuals carrying the Cys/Cys genotype did not have
significantly increased risk of lung cancer in all popula-
tions combined but, in the stratified analysis by eth-
nicity, a significantly increased risk was found among
Asians (OR = 1.18, 95% CI = 1.01–1.38) [56]. Our work,
including 22,475 subjects from 30 published case–control
studies, explored the association between a potentially
functional polymorphism, hOGG1 Ser326Cys and lung
cancer susceptibility. We found that the variant genotypes
of the hOGG1 were associated with a significant increased
overall risk of lung cancer. When stratified according to
ethnicity, Asians with the Ser/Ser showed a higher risk of
lung cancer compared with those with the Cys/Cys geno-
type. However, Caucasians did not show the same risk.
Ethnic difference in the association between lung cancer
risk and the hOGG1 Ser326Cys polymorphism was
suggested. Large studies including different ethnic groups
with a careful matching between cases and controls
should be considered in future association studies to
confirm results from the meta-analyses.
Heterogeneity is a potential problem when interpreting

the results of all meta-analyses. As looked through our
study carefully, we found that the three studies [27,37,45]
were noted to be a major source of heterogeneity. The
reason may be that the study was only among non-
smokers, and the controls were found to be out of HWE.
Although this study was a major source of heterogeneity,
the corresponding pooled ORs were not materially altered
with or without including it almost in all genetic models,
suggesting that the results of this meta-analysis are stable.
Some limitations of this meta-analysis should be ad-

dressed. Firstly, lung cancer is a multi-factorial disease
that results from complex interactions between many
genetic and environmental factors. This means that
there will not be single gene or single environmental fac-
tor that has large effects on lung cancer susceptibility.
Our results were based on unadjusted estimates, while a
more precise analysis should be conducted if individual
data were available, which would allow for the adjust-
ment by other covariates including age, sex, family his-
tory, environmental factors and lifestyle. Secondly, in the
subgroup analyses by ethnicity, control sources, the
number of subjects was relatively small, not having
enough statistical power to explore the real association.
Thirdly, the controls were not uniformly defined. Al-
though most of the controls were selected mainly from
healthy populations, some had respiratory disease. There-
fore, non-differential misclassification bias was possible
because these studies may have included the control
groups who had different risks of developing lung cancer.

Conclusion
Despite some limitations listed above, this work suggests
that the hOGG1 Ser326Cys variant is a risk factor for
developing lung cancer. Additionally, we found that this
phenomenon was more prominent in subgroups such as
in Asians. However, it is necessary to conduct large studies
using standardized unbiased methods, homogeneous lung
cancer patients and well matched controls, with the
assessors blinded to the data. Moreover, gene–gene and
gene–environment interactions should also be considered
in future analysis. Such studies taking these factors into
account may eventually lead to our better, comprehensive
understanding of the association between the hOGG1
Ser326Cys polymorphism and lung cancer risk.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
ZX, LY, and XZ carried out the meta-analysis study, drafted the manuscript
and involved in revising the manuscript critically for important intellectual
content. ZX participated in the design of the study and revised the
manuscript. ZX, LY, and XZ carried out the meta-analysis study and drafted
the manuscript. ZX, LY, and XZ participated in the design of the study,
drafted the manuscript and revised the manuscript. All authors read and
approve the final manuscript.

Acknowledgement
Funding
No external funding was either sought or obtained for this study.

Received: 11 July 2013 Accepted: 8 August 2013
Published: 23 August 2013

References
1. Li Z, Guan W, Li MX, Zhong ZY, Qian CY, Yang XQ, Liao L, Li ZP, Wang D:

Genetic polymorphism of DNA base-excision repair genes (APE1, OGG1
and XRCC1) and their correlation with risk of lung cancer in a Chinese
population. Arch Med Res 2011, 42(3):226–234.

2. Siegel R, Naishadham D, Jemal A: Cancer statistics, 2012. CA Cancer J Clin
2012, 62(1):10–29.

3. Dubey S, Powell CA: Update in lung cancer 2008. Am J Respir Crit Care Med
2009, 179(10):860–868.

4. National Cancer Institute: SEER stat fact sheets: lung and bronchus.
http://seer.cancer.gov/statfacts/html/lungb.html. Accessed October 1, 2012.

http://seer.cancer.gov/statfacts/html/lungb.html


Xu et al. Diagnostic Pathology 2013, 8:144 Page 9 of 10
http://www.diagnosticpathology.org/content/8/1/144
5. Cancer Research UK: Lung cancer incidence statistics.
http://info.cancerresearchuk.org/cancerstats/types/lung/incidence/.
Accessed October 1, 2012.

6. Fearon ER: Human cancer syndromes: clues to the origin and nature of
cancer. Science 1997, 278(5340):1043–1050.

7. Marnett LJ: Oxyradicals and DNA damage. Carcinogenesis 2000,
21(3):361–370.

8. Shi Y, Wu H, Zhang M, Ding L, Meng F, Fan X: Expression of the
epithelial-mesenchymal transition-related proteins and their clinical
significance in lung adenocarcinoma. Diagnostic Pathology 2013, 8:89.

9. Guzmán L, Depix M, Salinas A, Roldán R, Aguayo F, Silva A, Vinet R: Analysis
of aberrant methylation on promoter sequences of tumor suppressor
genes and total DNA in sputum samples: a promising tool for early
detection of COPD and lung cancer in smokers. Diagnostic Pathology
2012, 7:87.

10. Ji M, Zhang Y, Shi B, Hou P: Association of promoter methylation with
histologic type and pleural indentation in non-small cell lung cancer
(NSCLC). Diagnostic Pathology 2011, 6:48.

11. Muyal J, Muyal V, Kaistha B, Seifart C, Fehrenbach H: Systematic
comparison of RNA extraction techniques from frozen and fresh lung
tissues: checkpoint towards gene expression studies. Diagnostic Pathology
2009, 4:9.

12. Floyd RA: The role of 8-hydroxyguanine in carcinogenesis. Carcinogenesis
1990, 11(9):1447–1450.

13. Helbock HJ, Beckman KB, Ames BN: 8-Hydroxydeoxygua-nosine and
8-hydroxyguanine as biomarkers of oxidative DNA damage. Methods
Enzymol 1999, 300:156–166.

14. Shinmura K, Yokota J: The OGG1 gene encodes a repair enzyme for
oxidatively damaged DNA and is involved in human carcinogenesis.
Antioxid Redox Signal 2001, 3(4):597–607.

15. Sakumi K, Tominaga Y, Furuichi M, et al: OGG1 knockout-associated lung
tumorigenesis and its suppression by Mth1 gene disruption. Cancer Res
2003, 63(5):902–905.

16. Kohno T, Shinmura K, Tosaka M, et al: Genetic polymorphisms and
alternative splicing of the hOGG1 gene, that is involved in the repair of
8-hydroxyguanine in damaged DNA. Oncogene 1998,
16(25):3219–3225.

17. Cheng KC, Cahill DS, Kasai H, Nishimura S, Loeb LA: 8- Hydroxyguanine, an
abundant form of oxidative DNA damage, causes G-T and A-C
substitutions. J Biol Chem 1992, 267:166–172.

18. Hazra TK, Hill JW, Izumi T, Mitra S: Multiple DNA glycosylases for repair of
8-oxoguanine and their potential in vivo functions. Prog Nucleic Acid Res
Mol Biol 2001, 68:193–205.

19. Boiteux S, Radicella JP: The human OGG1 gene: structure, functions, and
its implication in the process of carcinogenesis. Arch Biochem Biophys
2000, 377:1.

20. Park J, Chen L, Tockman MS, et al: The human 8-oxoguanine DNA N-
glycosylase 1 (hOGG1) DNA repair enzyme and its association with lung
cancer risk. Pharmacogenetics 2004, 14(2):103–109.

21. Lan Q, Mumford JL, Shen M, et al: Oxidative damage-related genes
AKR1C3 and OGG1 modulate risks for lung cancer due to exposure to
PAH-rich coal combustion emissions. Carcinogenesis 2004,
25(11):2177–2181.

22. Le Marchand L, Donlon T, Lum-Jones A, et al: Association of the hOGG1
Ser326Cys polymorphism with lung cancer risk. Cancer Epidemiol
Biomarkers Prev 2002, 11(4):409–412.

23. Vogel U, Nexo BA, Wallin H, Overvad K, Tjonneland A,
Raaschou-Nielsen O: No association between base excision repair gene
polymorphisms and risk of lung cancer. Biochem Genet 2004,
42:453–460.

24. Loft S, Svoboda P, Kasai H, Tjønneland A, Vogel U, Møller P, Overvad K,
Raaschou-Nielsen O: Prospective study of 8-oxo-7,8-dihydro-2′-
deoxyguanosine excretion and the risk of lung cancer. Carcinogenesis
2006, 27(6):1245–1250.

25. Matullo G, Dunning AM, Guarrera S, Baynes C, Polidoro S, et al: DNA repair
polymorphisms and cancer risk in non-smokers in a cohort study.
Carcinogenesis 2006, 27(5):997–1007.

26. Sorensen M, Raaschou-Nielsen O, Hansen RD, Tjonneland A, Overvad K,
Vogel U: Interactions between the OGG1 Ser326Cys polymorphism and
intake of fruit and vegetables in relation to lung cancer. Free Radic Res
2006, 40:885–891.
27. Zienolddiny S, Campa D, Lind H, Ryberg D, Skaug V, et al: Polymorphisms
of DNA repair genes and risk of non-small cell lung cancer.
Carcinogenesis 2006, 27(3):560–567.

28. Hatt L, Loft S, Risom L, Møller P, Sørensen M, et al: OGG1 expression and
OGG1 Ser326Cys polymorphism and risk of lung cancer in a prospective
study. Mutat Res 2008, 639(1–2):45–54.

29. Karahalil B, Emerce E, Koçer B, Han S, Alkiş N, Karakaya AE: The association
of OGG1 Ser326Cys polymorphism and urinary 8-OHdG levels with lung
cancer susceptibility: a hospital-based case–control study in Turkey.
Arh Hig Rada Toksikol 2008, 59(4):241–250.

30. Okasaka T, Matsuo K, Suzuki T, Ito H, Hosono S, et al: hOGG1 Ser326Cys
polymorphism and risk of lung cancer by histological type. J Hum Genet
2009, 54(12):739–745.

31. Qian Q, Liu R, Lei Z, You J, Zhou Q, Zhang HT: Meta analysis of association
between Ser326Cys polymorphism of hOGG1 gene and risk of lung
cancer. Zhongguo Fei Ai Za Zhi 2011, 14(3):205–210.

32. Sugimura H, Kohno T, Wakai K, Nagura K, Genka K, et al: OGG1 Ser326Cys
polymorphism and lung cancer susceptibility. CEBP 1999, 8:669–674.

33. Wikman H, Risch A, Klimek F, Schmezer P, Spiegelhalder B, et al: OGG1
polymorphısm and loss of heterozygosıty (LOH): Significance for lung
cancer susceptibility in a caucasian population. Int J Cancer 2000,
88:932–937.

34. Ito H, Hamajima N, Takezaki T, Matsuo K, Tajima K, et al: Limited association
of OGG1 Ser326Cys polymorphism for adenocarcinoma of the lung.
J Epidemiol 2002, 12:258–265.

35. Sunaga N, Kohno T, Yanagitani N, Sugimura H, Kunitoh H, et al:
Contribution of the NQO1 and GSTT1 polymorphisms to lung
adenocarcinoma susceptibility. Cancer Epidemiol Biomarkers Prev 2002,
11(8):730–738.

36. Hung RJ, Brennan P, Canzian F, Szeszenia-Dabrowska N, Zaridze D, et al:
Large-scale investigation of base excision repair genetic polymorphisms
and lung cancer risk in a multicenter study. J Natl Cancer Inst 2005,
97:567–576.

37. Liang G, Pu Y, Yin L: Rapid detection of single nucleotide polymorphisms
related with lung cancer susceptibility of Chinese population. Cancer Lett
2005, 223(2):265–274.

38. Wang W: Genetic polymorphism in Hoggle and susceptibility to lung
cancer. Carcinogenesis, Teratogenesis & Mutagenesis 2005, 17:101–103.

39. Kohno T, Kunitoh H, Toyama K, Yamamoto S, Kuchiba A, et al: Association
of the OGG1-Ser326Cys polymorphism with lung adenocarcinoma risk.
Cancer Sci 2006, 97(8):724–728.

40. De Ruyck K, Szaumkessel M, De Rudder I, et al: Polymorphisms in
base-excision repair and nucleotide-excision repair genes in relation to
lung cancer risk. Mutation Research 2007, 631(2):101–110.

41. Chang CH, Hsiao CF, Chang GC, Tsai YH, Chen YM, et al: Interactive effect
of cigarette smoking with human 8-oxoguanine DNA N-glycosylase 1
(hOGG1) polymorphisms on the risk of lung cancer: a case–control study
in Taiwan. Am J Epidemiol 2009, 170(6):695–702.

42. Gao F: The study of the relationship between the polymorphism of hOGG1
genes and XPD genes and susceptibility to lung cancer. China: Master degree
thesis, Kunming Medical College. In Chinese.

43. Miyaishi A, Osawa K, Osawa Y, Inoue N, Yoshida K, et al: MUTYH Gln324His
gene polymorphism and genetic susceptibility for lung cancer in a
Japanese population. J Exp Clin Cancer Res 2009, 28:10.

44. Liu CJ, Hsia TC, Tsai RY, Sun SS, Wang CH, et al: The joint effect of hOGG1
single nucleotide polymorphism and smoking habit on lung cancer in
Taiwan. Anticancer Res 2010, 30(10):4141–4145.

45. Janik J, Swoboda M, Janowska B, Cieśla JM, Gackowski D, et al: 8-
Oxoguanine incision activity is impaired in lung tissues of NSCLC
patients with the polymorphism of OGG1 and XRCC1 genes. Mutat Res
2011, 709–710:21–31.

46. Kohno T, Kunitoh H, Mimaki S, Shiraishi K, Kuchiba A, Yamamoto S,
Yokota J: Contribution of the TP53, OGG1, CHRNA3, and HLA-DQA1
genes to the risk for lung squamous cell carcinoma. J Thorac Oncol 2011,
6(4):813–817.

47. Woolf B: On estimating the relation between blood group and disease.
Ann Hum Genet 1955, 19:251–253.

48. Mantel N, Haenszel W: Statistical aspects of the analysis of data from
retrospective studies of disease. J Natl Cancer Inst 1959, 22:719–748.

49. DerSimonian R, Laird N: Meta-analysis in clinical trials. Control Clin Trials
1986, 7:177–188.

http://info.cancerresearchuk.org/cancerstats/types/lung/incidence/


Xu et al. Diagnostic Pathology 2013, 8:144 Page 10 of 10
http://www.diagnosticpathology.org/content/8/1/144
50. Cochran WG: The combination of estimates from different experiments.
Biometrics 1954, 10:101–129.

51. Begg CB, Berlin JA, Begg CB, Berlin JA: Publication bias and dissemination
of clinical research. J Natl Cancer Inst 1989, 18(2):107–115. 81.

52. Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997, 315(7109):629–634.

53. Kohno T, Sakiyama T, Kunitoh H, Goto K, Nishiwaki Y, et al: Association of
polymorphisms in the MTH1 gene with small cell lung carcinoma risk.
Carcinogenesis 2006, 27:2448–2454.

54. Weiss JM, Goode EL, Ladiges WC, Ulrich CM: Polymorphic variation in
hOGG1 and risk of cancer: a review of the functional and epidemiologic
literature. Mol Carcinog 2005, 42:127–141.

55. Hung RJ, Hall J, Brennan P, Boffetta P: Genetic polymorphisms in the base
excision repair pathway and cancer risk: a HuGE review. Am J Epidemiol
2005, 162(10):925–942.

56. Li H, Hao X, Zhang W, Wei Q, Chen K: The hOGG1 Ser326Cys
polymorphism and lung cancer risk: a meta-analysis. Cancer Epidemiol
Biomarkers Prev 2008, 17(7):1739–1745.

doi:10.1186/1746-1596-8-144
Cite this article as: Xu et al.: Association between the hOGG1 Ser326Cys
polymorphism and lung cancer susceptibility: a meta-analysis based on
22,475 subjects. Diagnostic Pathology 2013 8:144.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Objectives
	Materials and methods
	Results
	Conclusion
	Virtual slides

	Introduction
	Materials and methods
	Publication search
	Inclusion criteria and exclusion criteria
	Data extraction
	Statistical analysis

	Results
	Study characteristics
	Meta-analysis results
	Test of heterogeneity
	Sensitivity analysis
	Publication bias

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


