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An association between hOGG1 Ser326Cys
polymorphism and the risk of bladder cancer
in non-smokers: a meta-analysis
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Abstract

Background: Bladder cancer results from complex interactions between many genetic and environment factors.
The polymorphism Ser326Cys in hOGG1 gene has been reported to be associated with bladder cancer in some
studies, though the results remain inconclusive. To explore this relationship of hOGG1 polymorphism and the
susceptibility for bladder cancer and the impact of smoking exposures, a cumulative meta-analysis was performed
in this study.

Methods: We extracted the data from the Pubmed database up to January 9, 2012 using the search phrases
“hOGG1, Ser326Cys polymorphism and bladder cancer”. Seven case–control studies were identified, including
2474 patients and 2408 controls. Four of them provided the analysis of smoking effects, with 1372 smokers and
947 non-smokers. The odds ratios (ORs) and associated 95 % confidence intervals (CIs) were calculated using
fixed- or random- effects models.

Results: Regarding the overall association between the hOGG1 326Cys allele and bladder cancer risk, the
meta-analysis did not reveal a significant effect in the additive model (OR: 1.06, 95 % CI: 0.96-1.26; p= 0.49),
the recessive genetic model (OR: 1.05, 95 % CI: 0.65-1.70; p= 0.85) or the dominant genetic model (OR: 1.07,
95 % CI: 0.87-1.32; p= 0.53). Similarly, no significant relationship was observed in the stratified analysis by ethnicity,
study design and Hardy-Weinberg equilibrium (all p> 0.05). In the non-smokers, however, hOGG1 326Cys allele
significantly increased the risk for bladder cancer and the ORs in the additive model, homozygote contrast and
recessive genetic model were 1.59 (p= 0.02), 2.53(p= 0.003) and 2.41(p= 0.0005), respectively. Nevertheless,
in the smoker subgroup, similar findings could not be found in all genetic models (all p> 0.05).

Conclusions: The association between the hOGG1 326Cys allele and bladder cancer was significant in non-smoker
population, while was non-detectable in common or smoker populations. This meta-analysis suggests that
the hOGG1 Ser326Cys polymorphism may be a risk factor for bladder cancer without exposure to smoking.
Further functional studies are needed to elucidate the gene polymorphism-bladder cancer relationship and
gene-environment interactions.
Background
Bladder cancer remains one of the most common malig-
nant diseases around the world [1]. The occurrence of
bladder cancer resulted from many exogenous and endo-
genous factors, such as cigarette smoking, genetic back-
ground, and capability to repair damaged DNAs [2-7].
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Indeed, the DNA repairing systems, composed of many
DNA repair genes, play a critical role in removing damaged
genes, maintaining the genomic integrity and preventing
carcinogenesis. The human 8-oxoguanine glycosylase gene
(hOGG1) is such a commonly-studied DNA repair gene
[8,9]. It encodes the 8-oxoguanine DNA glycosylase, a key
enzyme in the removal of 8-oxodeoxyguanosines gener-
ated by oxidative stress and highly mutagenic. The poly-
morphisms in the hOGG1 genes may impair their abilities
to repair damaged genes, leading to genetic instability and
carcinogenesis [10].
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Among the many polymorphisms of hOGG1 genes,
the Ser326Cys polymorphism has received much atten-
tion in recent years. It is an amino acid substitution of
serine (Ser) with a cysteine (Cys) in exon 7 of hOGG1
gene [11,12], and the 326Cys allele reduces DNA repair
activity and increases the cancer risk [13-16]. In pursuit
of identifying an association between the Ser326Cys
polymorphism and bladder cancer risk, many studies
have been conducted. However, the results were incon-
sistent and even contradictory [17-23], presumably due
to the relatively small samples of individual studies, vari-
ous genetic background and possible selective bias.
Herein, we performed a meta-analysis on the previ-

ously reported studies, and investigated whether the
Ser326Cys polymorphism increases the bladder cancer
risk. Specifically, a stratified analysis was used to study
the Ser326Cys polymorphism-bladder cancer relation-
ship in general population, smoker and non-smokers,
and people with different ethnic backgrounds.

Materials and methods
Publication search
We searched all published studies (prior to January 9,
2012) investigating the association between the hOGG1
Ser326Cys polymorphism and bladder cancer risk in the
PubMed database. A literature search was conducted
using the search terms “human 8-oxoguanine DNA gly-
cosylase,” “hOGG1,” “OGG1,” “OGG,” “polymorphism,”
“genetic variation,” and “bladder cancer”. Review articles
and reference cited in the searched studies were exam-
ined to identify additional published articles. The listed
articles were assessed to determine whether they should
be included in the meta-analysis. For studies with over-
lapping data published by same investigators, only the
most recent or complete study was included. Conference
abstracts, case reports, editorials, review articles, and
letters were excluded. Studies included in the meta-
analysis were required to meet the following criteria:
1) an unrelated case–control design was used, 2) geno-
type frequency was available, and 3) there is an eval-
uation of the hOGG1 Ser326Cys polymorphism and
bladder cancer risk.

Data extraction
Two separate investigators reviewed and extracted data
from all of the eligible publications independently,
according to the inclusion and exclusion criteria listed
above. The following information was extracted from
each study: first author, year of publication, country of
study population, genotyping method, genotype fre-
quency, and the experimental design used to assess the
effect of the hOGG1 Ser326Cys polymorphism. Ethnic
backgrounds were categorized as either Caucasian or
Asian, and smoker status (smoker or non-smoker) was
additionally recorded for the stratified analysis. Smokers
included current smokers and former smokers. Non-
smokers had never smoked.

Statistical analysis
The meta-analysis evaluated the overall association
between the hOGG1 Ser326Cys polymorphism and the
risk of bladder cancer using a number of methods. We
evaluated the risk of the additive model (326Cys allele
versus 326Ser allele), dominant model (Cys/Cys +Cys/
Ser versus Ser/Ser), recessive model (Cys/Cys versus
Cys/Ser + Ser/Ser) and the homozygote contrast (com-
parison of Cys/Cys versus Ser/Ser), respectively.
Hardy–Weinberg equilibrium (HWE) was tested using

the Chi-squared test and it was considered statistically
significant when p < 0.05. Sensitivity analysis was carried
out by including and excluding studies not in HWE [24].
The heterogeneity of these studies was tested by the Q
statistic [25] and was considered statistically significant
when p < 0.10. The heterogeneity was quantified by the
I2 metric, which is independent of the number of studies
used in the meta-analysis (I2 < 25%, no heterogeneity;
I2= 25–50%, moderate heterogeneity; I2 > 50%, extreme
heterogeneity) [26]. Publication bias was assessed by
a funnel plot using both funnel plots and Egger’s
linear regression test [27]. The combined odds ratio
(OR) was estimated using fixed effects (FE) models with
pheterogenity≥ 0.10, or random-effects (RE) models with
pheterogenity < 0.10 [28].
The overall association was measured by determining

the OR with a corresponding 95% confidence interval
(CI). The statistical significance of the overall OR was
determined using a Z-test; p < 0.05 was considered statis-
tically significant. Meta-analysis was performed using
the Review Manager 5.0 software and Egger’s test was
performed with STATA version 7.0.

Results
Study characteristics
After title and abstract screening, 10 case–control stud-
ies were found, however the studies by Kim et al.. [29]
only demonstrated the effect of hOGG1 Ser326Cys
on muscle invasion of bladder cancer, and the studies
by Wu et al. [30] and Huang et al. [21] , Gangwar
et al. [18] and Mittal [31] contained overlapped data.
The articles supplying more detailed information were
brought into the analysis [21,31]. Thus, a total of 7 pub-
lished studies met the inclusion criteria which included
a case–control study design and published genotype fre-
quencies. In all studies, the cases were histologically
confirmed, and the controls were free of bladder cancer
and matched for age and gender.
In total, 2474 bladder cancer cases and 2498 controls

were included in the meta-analysis. We conducted
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subgroup analysis classified by ethnicity, hospital-based
and HWE population. A summary of selected study
characteristics is listed in Table 1, and genotype, allele
frequencies and HWE information are shown in Table 2.
Among all studies, four studies assessed Caucasian
populations, including one from Spain [20], one from
the USA [21] and two from Turkey [22,23]. Three stud-
ies were used to assessed Asian populations, including
one from India [31], one from Korea [19] and one from
Japan [17]. Of the seven final studies, six were hospital-
based studies [19-23,31]. All studies but one [23] was
consistent with HWE, and the total controls were not in
HWE (P= 0.006).
Four of the seven eligible studies provided data on

smoker and non-smoker subjects [17,21,23,31]. Distribu-
tion of genotype and allele in the smoker versus non-
smoker groups is shown in Table 3. However, one of this
four studies only showed the data in dominant model
[31], while another did in recessive model [21]. These
studies were analyzed according to smoker status in dif-
ferent models.
Main meta-analysis results
The heterogeneity results and the determined associ-
ation between the hOGG1 326Cys polymorphism and
bladder cancer risk are shown in Table 4. Overall results
showed that individuals carrying the hOGG1 326Cys al-
lele in the additive model did not have significantly
increased risk for bladder cancer compared to those car-
rying the 326Ser allele (OR: 1.06, 95% CI: 0.96-1.26;
p= 0.49) in the additive model. Similarly, no significant
difference in bladder cancer risk was found between the
patients with a Cys/Cys genotype and those with a Ser/
Ser genotype (OR 1.11, 95% CI = 0.74-1.66, p= 0.63) in
homozygote contrast. This was also the case for Cys/Cys
versus Ser/Cys + Ser/Ser in the recessive genetic model
(OR: 1.05, 95% CI: 0.65-1.70; p= 0.85) and for Cys/Cys +
Ser/Cys versus Ser/Ser in the dominant genetic model
(OR: 1.07, 95% CI: 0.87-1.32; p= 0.53) (Table 4 and
Figure 1).
These seven studies were analyzed by stratified anal-

ysis. However, no increased risk was detected in Asians
Table 1 Characteristics of studies included in the meta-analys

First author
[reference]

Country Ethnicity Genotyping
method

Cases (age)

Kim(2005) [19] Korea Asian PCR-RFLP N= 153 (62.9 ± 1

Karahalil (2006) [23] Turkey Caucasian PCR-RFLP N= 100 (mean a

Huang (2007) [21] USA Caucasian Taqman N= 696 (63.9 ± 1

Figueroa (2007) [20] Spain Caucasian Taqman N= 1150 (66 ± 1

Arizono (2008) [17] Japan Asian PCR-RFLP N= 251 (68.2 ± 1

Narter (2009) [22] Turkey Caucasian PCR-RFLP N= 83 (63.4 ± 11

Mittal (2011) [31] India Asian ARMS-PCR N= 212 (58.5 ± 1
or Caucasians either in the additive model, the homo-
zygote contrast, the recessive model, or the dominant
model (all p > 0.05). Furthermore, no statistically signifi-
cant conclusions were found for hospital-based subjects
in the various statistical models (all p > 0.05). When
meta-analysis of studies in HWE was conducted, no sig-
nificant correlation was detected in any type of statistical
model, either (all p > 0.05).

Meta-analysis with different smoking status
In the stratified analysis of the effect of smoker status,
there were four studies discussing the interaction of
smoking behavior and hOGG1 Ser326Cys (Table 5). Due
to the missing data, three studies were included in dom-
inant or recessive model analysis, while two studies were
in additive model or homozygote contrast. Overall, there
were 1372 smokers (764 case and 608 controls) and 947
non-smokers (346 cases and 601 controls) included in
this part of meta-analysis. Two studies assessed Asian
population [17,31] and the other two assessed Caucasian
populations [21,23]. The samples in this analysis with
different smoking status were small, and then further
stratified analysis was not performed in this part of
meta-analysis.
In the non-smoker population, a significant association

was found between the hOGG1 326Cys allele and blad-
der cancer risk in the recessive model (OR: 2.41, 95% CI:
1.47-3.95; p= 0.0005). Similarly, this association was
found in the homozygote contrast (OR: 2.93, 95% CI:
1.43-5.99; p= 0.003) and the additive model (OR: 1.59,
95% CI: 1.08-2.32; p= 0.02) (Tables 5 and Figure 2).
However, no significant association was found in the
smoker population, between the hOGG1 326Cys allele
and bladder cancer risk (all p > 0.05). This finding sug-
gests a dominant effect of hOGG1 326Cys on bladder
cancer risk among the non-smokers.

Test of heterogeneity, sensitivity analysis and
publication bias
Significant heterogeneity between studies was observed
in some comparisons, and the detailed data were shown
in Table 4. An extreme heterogeneity between these
is

Controls (age) Design of
experiment

0.8 yrs) N = 153 (60.7 ± 11.8 yrs) Hospital-based

ge 60.2 yrs) N = 100 (age, sex matched controls) Hospital-based

1.1 yrs) N = 629 (age, sex matched controls) Hospital-based

0 yrs) N = 1149 (65 ± 10 yrs) Hospital-based

1.2 yrs) N = 251 (age-matched healthy controls) Population-based

.7 yrs) N = 45 (59.9 ± 9.71 yrs) Hospital-based

2.4 yrs) N = 250 (56.8 ± 10.8 yrs) Hospital-based



Table 2 Distribution of genotype and allele frequencies of the hOGG1 Ser326Cys polymorphism

First author
[reference]

Genotype Allele HWE(p)

Cases n (%) Controls n (%) Cases n (%) Controls n (%)

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

Kim (2005) [19] 37 (24.2%) 90 (58.8%) 26 (17.0%) 38 (24.8%) 70 (45.6%) 45 (29.4%) 164 (53.6%) 142 (46.4%) 146 (47.7%) 160 (52.3%) 0.30

Karahalil (2006) [23] 40 (40.4%) 47 (47.5%) 12 (12.1%) 62 (62.0%) 20 (20.0%) 18 (18.0%) 127 (64.1%) 71 (35.9%) 144 (72.0%) 56 (28.0%) <0.001

Huang (2007) [21] 375 (61.2%) 209 (34.1%) 29 (4.73%) 348 (58.0%) 216 (36.0%) 36 (6%) 959 (78.2%) 267 (21.8%) 912 (76.0%) 288 (24.0%) 0.75

Figueroa (2007) [20] 649 (59.7%) 383 (35.2%) 56 (5.15%) 596 (58.5%) 361 (35.5%) 61 (5.99%) 1681 (77.3%) 495 (22.7%) 1553 (76.3%) 483 (23.7%) 0.52

Arizono (2008) [17] 61 (24.3%) 107 (42.6%) 83 (33.1%) 67 (26.7%) 135 (53.8%) 49 (19.5%) 229 (45.6%) 273 (54.4%) 269 (53.6%) 233 (46.4%) 0.20

Narter (2009)[22] 37 (63.8%) 13 (22.4%) 8 (13.8%) 18 (50.0%) 18 (50.0%) 0 (0%) 87 (75.0%) 29 (25.0%) 54 (75.0%) 18 (25.0%) 0.08

Mittal (2011) [31] 92 (43.4%) 93 (43.9%) 27 (12.7%) 122 (48.8%) 111 (44.4%) 17 (6.8%) 277 (65.3%) 147 (34.7%) 355 (71.0%) 145 (29.0%) 0.21

Total 1291 (52.2%) 942 (38.1%) 241 (9.74%) 1251 (52.0%) 931 (38.7%) 226 (9.39%) 3524 (71.2%) 1424 (28.8%) 3433 (71.3%) 1383 (28.7%) 0.006
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Table 3 hOGG1 Ser326Cys genotype frequency and distribution according to smoking status

First author [reference] Genotype

Cases n (%) Controls n (%)

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

Smoker Karahalil (2006)[23] 14 (41.2%) 16 (47.1%) 4 (11.7%) 27 (62.8%) 9 (20.9%) 7 (16.3%)

Huang (2007) [21] 279 (62.7%) 166 a (37.3%) 183 (55.5%) 147a (44.5%)

Arizono (2008) [17] 42 (25.5%) 72 (43.6%) 51 (30.9%) 42 (26.6%) 83 (52.5%) 33 (20.9%)

Mittal (2011) [31] 107 b (89.2%) 13 (10.8%) 72 b (93.5%) 5 (6.49%)

Non-smoker Karahalil (2006) [23] 7 (53.8%) 4 (30.8%) 2 (15.4%) 38 (66.7%) 9 (15.8%) 10 (17.5%)

Huang (2007) [21] 96 (60.8%) 62 b (39.2%) 165 (59.4%) 113 b (40.6%)

Arizono (2008) [17] 19 (22.1%) 35 (40.7%) 32 (37.2%) 25 (26.9%) 52 (55.9%) 16 (17.2%)

Mittal (2011) [31] 75 a (84.3%) 14 (15.7%) 161 a (93.1%) 12 (6.94%)

a: As only the data of dominant model were available, these data were referred to the sum of Ser/Cys and Cys/Cys.
b: As only the data of recessive model were available, these data were referred to the sum of Ser/ Ser and Ser/Cys.
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studies was detected in the first meta-analysis (I2= 64%,
Pheterogeneity = 0.02). Then, the random-effects (RE) mod-
els were used to evaluate the combined ORs when
necessary. Sensitivity analysis was performed both by
sequential removal (statistics of study removal) of indi-
vidual studies and cumulative statistics on the compari-
sons of worldwide subjects. The combined ORs of the
hOGG1 Ser326Cys polymorphism were not influenced
Table 4 The main ORs of hOGG1 Ser326Cys polymorphisms in

Allele and genotype Populations

326Cys allele versus 326Ser allele (additive model) a All populatio

Caucasian po

Asian popula

Hospital-base

Studies in HW

Cys/Cys versus Ser/Ser (homozygote contrast) a All populatio

Caucasian po

Asian popula

Hospital-base

Studies in HW

Cys/Cys versus Cys/Ser + Ser/Ser (recessive genetic model)a All populatio

Caucasian po

Asian popula

Hospital-base

Studies in HW

Cys/Cys + Cys/Ser versus Ser/Ser (dominant genetic model) a All populatio

Caucasian po

Asian popula

Hospital-base

Studies in HW

a: The reference groups are the second genotypes.
by either the addition or removal of any individual
study, such as the study from Narter et al. [22] with the
genotype distribution in the control group deviating
from HWE.
Funnel plots were performed to assess the publication

bias in this meta-analysis and showed a symmetrical in-
verse funnel shape (data not shown). The funnel results
suggested that the selection of publications was an
the meta-analysis

OR I2(%) Pheterogeneity Analysis
model

P

ns 1.06 (0.90, 1.26) 64% 0.01 Random 0.49

pulations 0.95 (0.85, 1.06) 30% 0.23 Fixed 0.38

tions 1.14 (0.82, 1.57) 75% 0.02 Random 0.44

d 1.00 (0.90, 1.11) 51% 0.07 Random 0.99

E 1.01 (0.91, 1.44) 65% 0.02 Random 0.83

ns 1.11 (0.74, 1.66) 65% 0.009 Random 0.63

pulations 0.87 (0.66, 1.16) 0% 0.41 Fixed 0.35

tions 1.34 (0.64, 2.83) 78% 0.01 Random 0.44

d 0.97 (0.65, 1.45) 54% 0.06 Random 0.89

E 1.12 (0.71, 1.79) 71% 0.004 Random 0.62

ns 1.05 (0.65, 1.70) 79% <0.0001 Random 0.85

pulations 0.85 (0.65, 1.21) 25% 0.26 Fixed 0.25

tions 1.26 (0.50, 3.17) 89% <0.0001 Random 0.62

d 0.89 (0.57, 1.38) 66% 0.01 Random 0.59

E 1.14 (0.67, 1.94) 81% <0.0001 Random 0.64

ns 1.07 (0.87, 1.32) 58% 0.03 Random 0.53

pulations 1.04 (0.74, 1.47) 75% 0.007 Random 0.82

tions 1.16 (0.91, 1.47) 0% 0.85 Fixed 0.23

d 1.07 (0.83, 1.36) 64% 0.02 Random 0.61

E 0.97 (0.86, 1.09) 0% 0.45 Fixed 0.59



Figure 1 Overall meta-analysis of the 326Cys allele in the recessive genetic model using a random-effect model.
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unlikely source of bias in the meta-analysis of the asso-
ciation between the hOGG1 Ser326Cys polymorphism
and bladder cancer.

Discussion
DNA damage generated by different carcinogenic agents
can be repaired primarily through base excision repair
(BER) pathway, composed of many DNA repair genes.
Common polymorphisms in DNA repair genes may alter
protein function and the possibility to repair damaged
DNA. Defects in DNA repair pathways may lead to gen-
etic instability and carcinogenesis [32,33]. The hOGG1
gene is a key gene in the BER pathway and DNA repair
process, and the Ser326Cys polymorphism is reported to
be a functional variation in the hOGG1 gene.
Since the original identification of the hOGG1

Ser326Cys polymorphism, a number of studies have
investigated the genetic effect of this polymorphism on
bladder cancer susceptibility. In the eligible studies, the
percentage of 326Cys allele was 0.523 in the Korean
population (n = 153), 0.464 in the Japanese population
(n = 251), and 0.290 in the Indian population (n = 250),
while it was 0.280, 0.240, 0.237 and 0.250, respectively,
for the Caucasian population in Turkey (n = 100), USA
Table 5 The ORs of hOGG1 Ser326Cys polymorphisms accord

Allele and genotype Populations

326Cys allele versus 326Ser allele (additive model) a Smoker subjects

Non-smoker subjects

Cys/Cys versus Ser/Ser (homozygote contrast) a Smoker subjects

Non-smoker subjec

Cys/Cys versus Cys/Ser + Ser/Ser
(recessive genetic model) a

Smoker subjects

Non-smoker subjec

Cys/Cys + Cys/Ser versus Ser/Ser
(dominant genetic model) a

Smoker subjects

Non-smoker subjects
a: The reference groups are the second genotypes.
(n = 600), Spain (n = 1018) and Turkey (n = 36). Consid-
ering these inconsistent findings, we performed a meta-
analysis on these studies to quantify the available data
and generate a robust estimate of the effect of the
Ser326Cys polymorphism on bladder cancer. Meta-
analysis has been proved to be a powerful method from
a relatively large number of subjects [34,35].
In this study, we analyzed the data from seven avail-

able case–control studies. The results are conflicting
about the role of the hOGG1 Ser326Cys polymorphism
in relation to bladder cancer susceptibility. Three studies
found an increased risk for bladder cancer associated
with the 326Cys allele [17,23,31], two studies identified a
reduced risk [19,21], and the other two did not detect
the association between Ser326Cys polymorphism and
bladder cancer [20,22].
When all the eligible studies were pooled into analysis,

it failed to uncover any evidence that there was an asso-
ciation between the Ser326Cys polymorphism and blad-
der cancer susceptibility overall. No statistical evidence
was found in a recessive model, either in a dominant
model, an additive model or a homozygote contrast.
Moreover, the association of the Ser326Cys polymorph-
ism and bladder cancer could not be found in Asians or
ing smoker status

OR I2(%) Pheterogeneity Analysis
model

P

1.29 (0.97-1.71) 0% 0.64 Fixed 0.08

1.59 (1.08, 2.32) 0% 0.65 Fixed 0.02

1.46 (0.84, 2.56) 0% 0.66 Fixed 0.18

ts 2.93 (1.43, 5.99) 37% 0.21 Fixed 0.003

1.54 (1.00, 2.37) 0% 0.44 Fixed 0.05

ts 2.41 (1.47, 3.95) 0% 0.42 Fixed 0.0005

0.72 (0.26, 2.02) 87% 0.004 Random 0.53

1.58 (0.72, 3.50) 75% 0.02 Random 0.26



Figure 2 Overall meta-analysis of the Cys/Cys genotype in the recessive genetic model in the non-smoker population.
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Caucasians using various models. Either in the hospital-
based subpopulation or the population in HWE, no sig-
nificant conclusion were found. Taken together, it may
be concluded that hOGG1 Ser326Cys polymorphism
lacks association with bladder cancer risk in such com-
mon population.
Cigarette smoking is a major risk factor for bladder

cancer, and the association between smoking status and
bladder cancer risk remains a point of controversy.
Some studies have found that cigarette smoking was
more strongly associated with increased risk of invasive
bladder cancer than with low-grade superficial bladder
cancer [36]. Even among lifelong non-smoker popula-
tions, environmental tobacco smoke (ETS) exposure can
still be a risk factor for bladder cancer in women [24].
Therefore, meta-analysis was further performed among
smokers and non-smokers, to clarify the effect of smok-
ing behavior on this relationship. Interestingly, in non-
smokers, the analysis for combined data suggested a
remarked association between the hOGG1 Ser326Cys
polymorphism and bladder cancer risk. This association
was confirmed in the additive model, homozygote con-
trast and recessive genetic model, with the OR values
of 1.59 (p= 0.02), 2.93 (p= 0.003) and 2.41 (p= 0.005),
respectively. However, when the parallel analysis was
performed in smokers, no significantly statistical conclu-
sions were found in all genetic models (all p > 0.05).
It is well established that the carcinogenesis of bladder

cancer is a result of the interaction between environ-
mental factors and genetic background. Besides the role
of genetic variants, smoking behavior shows a major
effect on the bladder cancer susceptibility [4]. Smoking
status contributed to the heterogeneity in hOGG1
Ser326Cys estimates, since the frequencies of variant alleles
altered with different smoking behaviors [17,21,23,31].
Thus, the association of hOGG1 Ser326Cys polymorphism
and bladder cancer risk might alter under different
smoking status. Actually, when the eligible studies were
pooled into meta-analysis, a significant risk was shown
in the non-smoker subgroup, but not in the smoker
subgroup. Therefore, the genetic effect may be more
dominant in those who have not been exposed to an
environmental risk factor. Notably, the results should be
interpreted with caution, since only limited studies are
included in this part of analysis.
The limitations of the present study include that 6 out

of the 7 studies in this meta-analysis are hospital-based
and only 1 is population-based, and the heterogeneity
and publication bias may exist due to the limited sample
size, and the variation in the genotyping methods and
experimental designs. Moreover, the real function of the
Ser326Cys polymorphism may have an effect only under
special conditions of cellular oxidative stress or tumor
types [37]. Among the common complicated population,
we could not detect significant association between
hOGG1 Ser326Cys and bladder cancer risk among over-
all studies, and Asian, Caucasian and hospital-based sub-
population. In addition, one study from Karahalil et al.
[23] was not in HWE among the controls. But, the OR
was not substantially altered when the subpopulation in
HWE was pooled. It might due to that the weight of this
study was only 5 % and is unlikely to influence much of
our results. Moreover, the combined ORs of the hOGG1
Ser326Cys polymorphism were not influenced by any in-
dividual study. All of these suggest that well-designed
and prospective studies with larger sample sizes should
be conducted to clarify the role of hOGG1 Ser326Cys
polymorphism in bladder carcinogenesis.
Conclusions
In summary, our meta-analysis suggests the Ser326Cys
polymorphism lacks association with bladder cancer risk
in common population, but specifically increases the
susceptibility for non-smoker populations. Further stud-
ies are needed, especially to investigate the effect of the
gene-environment interaction.

Competing interests
The authors declare that there are no competing interests.

Authors’ contributions
CJ participated in collection of data and manuscript preparation. ZL and HC
performed the statistical analysis. CJ and HC participated in study design and
critically revised the manuscript. CL and HG participated in study design and
manuscript preparation. All authors read and approved the final manuscript.



Ji et al. BMC Cancer 2012, 12:335 Page 8 of 8
http://www.biomedcentral.com/1471-2407/12/335
Acknowledgments
This work is supported by the National Natural Science Foundation of China
(grant 81070579).

Author details
1Department of Urology, the Affiliated Drum Tower Hospital of Nanjing
University Medical School, Nanjing 210008, China. 2Department of Vascular
Surgery, the Affiliated Drum Tower Hospital of Nanjing University Medical
School, Nanjing 210008, China. 3Department of Medical Genetics, Nanjing
University Medical School, Nanjing 210093, China.

Received: 11 February 2012 Accepted: 16 July 2012
Published: 2 August 2012
References
1. Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun MJ: Cancer

statistics, 2006. CA Cancer J Clin 2006, 56(2):106–130.
2. Mucci LA, Wedren S, Tamimi RM, Trichopoulos D, Adami HO: The role of

gene-environment interaction in the aetiology of human cancer:
examples from cancers of the large bowel, lung and breast. J Intern Med
2001, 249(6):477–493.

3. Burch JD, Rohan TE, Howe GR, Risch HA, Hill GB, Steele R, Miller AB: Risk of
bladder cancer by source and type of tobacco exposure: a case–control
study. Int J Cancer 1989, 44(4):622–628.

4. Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, Abnet CC:
Association between smoking and risk of bladder cancer among men
and women. JAMA 2011, 306(7):737–745.

5. Vineis P, Talaska G, Malaveille C, Bartsch H, Martone T, Sithisarankul P,
Strickland P: DNA adducts in urothelial cells: relationship with biomarkers
of exposure to arylamines and polycyclic aromatic hydrocarbons from
tobacco smoke. Int J Cancer 1996, 65(3):314–316.

6. Asami S, Manabe H, Miyake J, Tsurudome Y, Hirano T, Yamaguchi R, Itoh H,
Kasai H: Cigarette smoking induces an increase in oxidative DNA
damage, 8-hydroxydeoxyguanosine, in a central site of the human lung.
Carcinogenesis 1997, 18(9):1763–1766.

7. Wiencke JK: DNA adduct burden and tobacco carcinogenesis. Oncogene
2002, 21(48):7376–7391.

8. Sangrajrang S, Schmezer P, Burkholder I, Waas P, Boffetta P, Brennan P,
Bartsch H, Wiangnon S, Popanda O: Polymorphisms in three base excision
repair genes and breast cancer risk in Thai women. Breast Cancer Res
Treat 2008, 111(2):279–288.

9. Boiteux S, Radicella JP: The human OGG1 gene: structure, functions, and
its implication in the process of carcinogenesis. Arch Biochem Biophys
2000, 377(1):1–8.

10. Goode EL, Ulrich CM, Potter JD: Polymorphisms in DNA repair genes
and associations with cancer risk. Cancer Epidemiol Biomarkers Prev 2002,
11(12):1513–1530.

11. Kohno T, Shinmura K, Tosaka M, Tani M, Kim SR, Sugimura H, Nohmi T,
Kasai H, Yokota J: 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.

12. 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(3):127–141.

13. Choi JY, Hamajima N, Tajima K, Yoo KY, Yoon KS, Park SK, Kim SU, Lee KM,
Noh DY, Ahn SH, et al: hOGG1 Ser326Cys polymorphism and breast
cancer risk among Asian women. Breast Cancer Res Treat 2003, 79(1):59–62.

14. Sugimura H, Kohno T, Wakai K, Nagura K, Genka K, Igarashi H, Morris BJ,
Baba S, Ohno Y, Gao C, et al: hOGG1 Ser326Cys polymorphism and
lung cancer susceptibility. Cancer Epidemiol Biomarkers Prev 1999,
8(8):669–674.

15. Wikman H, Risch A, Klimek F, Schmezer P, Spiegelhalder B, Dienemann H,
Kayser K, Schulz V, Drings P, Bartsch H: hOGG1 polymorphism and loss of
heterozygosity (LOH): significance for lung cancer susceptibility in a
caucasian population. Int J Cancer 2000, 88(6):932–937.

16. Ito H, Hamajima N, Takezaki T, Matsuo K, Tajima K, Hatooka S, Mitsudomi T,
Suyama M, Sato S, Ueda R: A limited association of OGG1 Ser326Cys
polymorphism for adenocarcinoma of the lung. J Epidemiol 2002,
12(3):258–265.
17. Arizono K, Osada Y, Kuroda Y: DNA repair gene hOGG1 codon 326 and
XRCC1 codon 399 polymorphisms and bladder cancer risk in a Japanese
population. Jpn J Clin Oncol 2008, 38(3):186–191.

18. Gangwar R, Ahirwar D, Mandhani A, Mittal RD: Do DNA repair genes
OGG1, XRCC3 and XRCC7 have an impact on susceptibility to bladder
cancer in the North Indian population? Mutat Res 2009, 680(1–2):56–63.

19. Kim EJ, Jeong P, Quan C, Kim J, Bae SC, Yoon SJ, Kang JW, Lee SC,
Jun Wee J, Kim WJ: Genotypes of TNF-alpha, VEGF, hOGG1, GSTM1, and
GSTT1: useful determinants for clinical outcome of bladder cancer.
Urology 2005, 65(1):70–75.

20. Figueroa JD, Malats N, Real FX, Silverman D, Kogevinas M, Chanock S,
Welch R, Dosemeci M, Tardon A, Serra C, et al: Genetic variation in the
base excision repair pathway and bladder cancer risk. Hum Genet 2007,
121(2):233–242.

21. Huang M, Dinney CP, Lin X, Lin J, Grossman HB, Wu X: High-order
interactions among genetic variants in DNA base excision repair
pathway genes and smoking in bladder cancer susceptibility. Cancer
Epidemiol Biomarkers Prev 2007, 16(1):84–91.

22. Narter KF, Ergen A, Agachan B, Gormus U, Timirci O, Isbir T: Bladder cancer
and polymorphisms of DNA repair genes (XRCC1, XRCC3, XPD, XPG,
APE1, hOGG1). Anticancer Res 2009, 29(4):1389–1393.

23. Karahalil B, Kocabas NA, Ozcelik T: DNA repair gene polymorphisms and
bladder cancer susceptibility in a Turkish population. Anticancer Res 2006,
26(6C):4955–4958.

24. Jiang X, Yuan JM, Skipper PL, Tannenbaum SR, Yu MC: Environmental
tobacco smoke and bladder cancer risk in never smokers of Los Angeles
County. Cancer Res 2007, 67(15):7540–7545.

25. Zintzaras E, Ioannidis JP: Heterogeneity testing in meta-analysis of
genome searches. Genet Epidemiol 2005, 28(2):123–137.

26. Higgins JP, Thompson SG: Quantifying heterogeneity in a meta-analysis.
Stat Med 2002, 21(11):1539–1558.

27. 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.

28. Lau J, Ioannidis JP, Schmid CH: Quantitative synthesis in systematic
reviews. Ann Intern Med 1997, 127(9):820–826.

29. Kim EJ, Yan C, Ha YS, Jeong P, Yi Kim I, Moon SK, Choi YH, Kim WJ: Analysis
of hOGG1 genotype as a prognostic marker for muscle invasive bladder
cancer: A novel approach using peptide nucleic acid-mediated, real-time
PCR clamping. Urol Oncol 2010. DOI: 10.1016/j.urolonc.2010.07.008.

30. Wu X, Gu J, Grossman HB, Amos CI, Etzel C, Huang M, Zhang Q, Millikan RE,
Lerner S, Dinney CP, et al: Bladder cancer predisposition: a multigenic
approach to DNA-repair and cell-cycle-control genes. Am J Hum Genet
2006, 78(3):464–479.

31. Mittal RD, Mandal RK, Gangwar R: Base excision repair pathway genes
polymorphism in prostate and bladder cancer risk in North Indian
population. Mech Ageing Dev 2011, 133(4):127-132.

32. de Boer JG: Polymorphisms in DNA repair and environmental
interactions. Mutat Res 2002, 509(1–2):201–210.

33. Berwick M, Vineis P: Markers of DNA repair and susceptibility to cancer in
humans: an epidemiologic review. J Natl Cancer Inst 2000, 92(11):874–897.

34. Ioannidis JP, Ntzani EE, Trikalinos TA, Contopoulos-Ioannidis DG: Replication
validity of genetic association studies. Nat Genet 2001, 29(3):306–309.

35. Munafo M: Replication validity of genetic association studies of smoking
behavior: what can meta-analytic techniques offer? Nicotine Tob Res 2004,
6(2):381–382.

36. Jiang X, Castelao JE, Yuan JM, Stern MC, Conti DV, Cortessis VK, Pike MC,
Gago-Dominguez M: Cigarette smoking and subtypes of bladder cancer.
Int J Cancer 2012, 130(4):896–901.

37. Lee AJ, Hodges NJ, Chipman JK: Interindividual variability in response to
sodium dichromate-induced oxidative DNA damage: role of the
Ser326Cys polymorphism in the DNA-repair protein of 8-oxo-7,8-
dihydro-2'-deoxyguanosine DNA glycosylase 1. Cancer Epidemiol
Biomarkers Prev 2005, 14(2):497–505.

doi:10.1186/1471-2407-12-335
Cite this article as: Ji et al.: An association between hOGG1 Ser326Cys
polymorphism and the risk of bladder cancer in non-smokers: a meta-
analysis. BMC Cancer 2012 12:335.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Publication search
	Data extraction
	Statistical analysis

	Results
	Study characteristics
	Main &b_k;meta-&e_k;&b_k;analysis&e_k; results
	Meta-analysis with different smoking status
	Test of heterogeneity, sensitivity analysis and publication bias

	link_Tab1
	link_Tab2
	link_Tab3
	link_Tab4
	Discussion
	link_Tab5
	link_Fig1
	Conclusions
	Competing interests
	Authors´ contributions
	link_Fig2
	Acknowledgments
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37

