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Abstract
Purpose Oxidative DNA damage caused by reactive
oxygen species plays an important role in cancer development.
The association between colorectal cancer and hOGG1
Ser326Cys polymorphisms has been analyzed in several
published studies, but mixed Wndings have been reported.
The main purpose of this study was to integrate previous
results and explore whether the polymorphism of hOGG1 is
associated with susceptibility to colorectal cancer.
Methods PubMed, Embase, Google Scholar, and Cbm-
disc were searched for studies on the relationship of
hOGG1 SNPs and the incidence of colorectal cancer
(CRC). Eligible articles were included for data extraction.
The main outcome was the frequency of hOGG1
Ser326Cys polymorphisms between cases and controls.
Comparison of the distribution of SNP was mainly per-
formed using Review Manager 5.0.

Results A total of 4,174 cases and 6,196 controls from 12
studies were included for this meta-analysis. Overall, strati-
Wed by ethnicity or population source, no signiWcant associ-
ations between the hOGG1 Ser326Cys polymorphism and
colorectal cancer risk were found for Cys/Cys allele
(OR = 1.146; 95 % CI: 0.978–1.342, P = 0.091), Cys/Cys +
Cys/Ser versus Ser/Ser (OR = 1.045; 95 % CI: 0.975–
1.121, P = 0.213) Cys/Cys Versus Ser/Ser (OR = 1.243;
95 % CI: 0.979–1.578, P = 0.074) and Cys/Cys versus Cys/
Ser + Ser/Ser (OR = 1.198; 95 % CI: 0.959–1.496, P =
0.111) in a recessive model and (OR = 1.494; 95 % CI:
1.023–2.181, P = 0.038) in a homozygote contrast. How-
ever, if apart from sensitivity analysis, there was some evi-
dence to indicate that signiWcantly increased risks were
found among European plus American subjects, who are
mostly Caucasian (OR = 1.444; 95 % CI: 1.017–2.05 Cys/
Cys vs. Ser/Cys + Ser/Ser; P = 0.04). In the subgroup anal-
yses, we also did not found any association between
hOGG1 Ser326Cys polymorphism and certain populations
and smokers.
Conclusions This meta-analysis suggests that there is no
robust association between hOGG1 Ser326Cys polymor-
phism and colorectal cancer. Because of the limitation of
meta-analysis, this Wnding demands further investigation.
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Introduction

Somatic DNA is continuously exposed to the assaults by
various endogenous and exogenous mutagens or carcino-
gens. Oxidants, as one of the most common threats to geno-
mic stability, are thought to cause oxidative damage to
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DNA and mutations, leading to the carcinogenesis (Loft
et al. 1998; Marnett 2000). However, multiple DNA repair
enzymes protect DNA against such oxidative damage. So
DNA repair mechanisms are important for maintaining
DNA integrity and preventing carcinogenesis (Kiyohara
et al. 2006).

The base excision repair (BER) pathway is the most
common route for removal of small lesions from DNA and
is an important part of cellular defense against a large vari-
ety of structurally unrelated DNA lesions. It is believed to
be the predominant pathway used for removal of oxidized
and many alkylated bases (Marnett 2000; Barzilai and
Yamamoto 2004). BER is initiated by human 8-oxoguanine
DNA glycosylase (OGG1). OGG1 maps on chromosome
3p26.2 and encodes the enzyme responsible for the excision
of 8-oxoguanine, a mutagenic base byproduct which occurs
as a result of exposure to reactive oxygen. The action of
this enzyme includes lyase activity for chain cleavage.
OGG1 gene has at least 20 validated sequence variants, and
one of the most studied functional polymorphism is
Ser326Cys (exon 7 of the OGG1 gene, rs1052133) (Dherin
et al. 1999; Gerhard et al. 2004; Vodicka et al. 2007). It is
believed that 326Cys allele was associated with reduced
enzyme activity, DNA repair ability, and increased cancer
risk, such as lung cancer (Sugimura et al. 1999), esophageal
cancer (Xing et al. 2001), breast cancer (Sangrajrang et al.
2008), colon cancer (Kim et al. 2003), and so on. The exact
mechanisms how the hOGG1 Ser326Cys polymorphism
aVects cancer risk at the molecular level remain to be
unraveled, and the published studies on the structure and
biological functions of hOGG1 gene as well as their genetic
variants did not discover the potential roles of this polymor-
phism (Obtulowicz et al. 2010; Park et al. 2001).

Colorectal cancer is the third most common cancer and
the leading cause of cancer deaths in Western industrialized
countries (Hansen et al. 2007). Genetic characteristics and
exogenous factors such as smoking, alcohol, polyunsatu-
rated fatty acids, and a diet high in red meat are convincing
colorectal cancer (CRC) (Brevik et al. 2010; Kim et al.
2003; Hansen et al. 2007; Kasahara et al. 2008; Stern et al.
2009). Previous researches have revealed the association
between hOGG1Ser326Cys polymorphism and colorectal
cancer risk (Obtulowicz et al. 2010; Moreno et al. 2006;
Pardini et al. 2008; Canbay et al. 2011; Gil et al. 2011).
However, the results were conXicting, including an increased
risk (Obtulowicz et al. 2010; Moreno et al. 2006), a reduced
risk (Hansen et al. 2005), and no association (Park et al.
2007; Kasahara et al. 2008).

The aim of this article is to review and evaluate associa-
tions between OGG1Ser326Cys and colorectal cancer risk,
focusing on diVerent populations and smoking factors.

Materials and methods

IdentiWcation and eligibility of relevant studies

To identify all articles that examined the association
between hOGG1 Ser326Cys polymorphism and colorec-
tal cancer risk, we conducted a search in the PubMed,
Embase, Google Scholar, and Cbmdisc database (before
2011-5-27) using the terms including human 8-oxogua-
nine DNA glycosylase or hOGG1 or OGG1 or OGG,
polymorphism or genetic variation, and colorectal can-
cer or colon cancer or rectal cancer. Additional articles
were identiWed through the references cited in the Wrst
series of articles selected. Articles included in meta-
analysis were in English, with human subjects, pub-
lished in primary literature, and with no obvious overlap
of subjects with other studies. The retrieved literatures
were then read in their entirety to assess their appropri-
ateness for the inclusion in this meta-analysis. Confer-
ence abstracts, case reports, editorials, review articles,
and letters were excluded. Studies included in this meta-
analysis had to meet the following criteria: an unrelated
case–control design was used, genotype frequency was
available, and the genotype distribution in controls was
in Hardy–Weinberg equilibrium in all studies (Yuan
et al. 2010). Using PubMed database, we identiWed 12
epidemiological studies that provided information on
colorectal cancer occurrence associated with OGG1
Ser326Cys polymorphism.

Data extraction and assessment of study quality

Two authors (Fei-fei Han and Chang-long Guo) extracted
data and reached a consensus on all of the eligibility items,
including author, journal and year of publication, location
of study, selection and characteristics of cancer cases and
controls, control source, demographics, ethnicity, smoking
status, and genotyping information. For those studies that
included subjects of diVerent ethnic groups, data were
extracted separately for each of ethnic groups categorized
as Asians, Caucasians, and American. We assessed the
homogeneity of the study population.

Meta-analysis

The risks (odds ratios, OR) of colorectal cancer associated
with hOGG1 Ser326Cys polymorphism were estimated
for each study independently. We estimated the risk for
the 326Cys allele, Cys/Cys versus Ser/Ser, Cys/Cys plus
Ser/Cys versus Ser/Ser, and Cys/Cys versus Ser/Cys plus
Ser/Ser.
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Statistical analysis

The meta-analysis was performed in a Wxed/random eVect
model. The OR and its 95 % CI were estimated for each study.
The chi-squared test-based Q-statistic was used to assess the
between-study heterogeneity. Heterogeneity was signiWcant for
P < 0.10, and then, the result of the random eVect model was
selected. Otherwise, the result of Wxed eVect model was
selected. Meanwhile, we measured the eVect of heterogeneity
by another measure, I2 = 100 % £ (Q ¡ df)/Q. The I2 statistic
measures the degree of inconsistency in the studies by calculat-
ing what percentage of the total variation across studies is as a
result of heterogeneity rather than by chance.

The eVect of association was indicated as OR with the cor-
responding 95 % conWdence interval (CI). The combined OR
was estimated using Wxed eVects (FE) models (Mantel–
Haenszel) and random eVects (RE) models (DerSimonian and
Laird) (Lau et al. 1997). We did the Q test to assess the heter-
ogeneity between these studies, and it was considered statisti-
cally signiWcant with P < 0.10 (Yuan et al. 2010). The
heterogeneity was quantiWed by I2 metric (I2 = 100 % £
(Q ¡ df)/Q), which is independent of the number of studies in
the meta-analysis (I2 < 25 % no heterogeneity; I2 = 25–50 %
moderate heterogeneity; I2 > 50 % extreme heterogeneity) and
P value (P > 0.1 no heterogeneity). Publication bias was
investigated by funnel plot and Egger’s linear regression test
(Egger et al. 1997). The signiWcance of asymmetry was deter-
mined by t test, and P < 0.05 was considered a signiWcant
publication bias. Hardy–Weinberg equilibrium (HWE) was
tested by the chi-square test. Meta-analysis was performed
using stata/MP 11.0. Sensitivity analysis was performed by
sequential removal (statistics of study remove) of individual
studies (Review Manager 5.0 software).

Results

Eligible studies for meta-analysis

The studies focusing on hOGG1 Ser326Cys polymorphism
and colorectal cancer were chosen. After a careful evalua-
tion of the published literature, only 12 studies met our
inclusion criteria for the meta-analysis. The retrieved
papers were then read in their entirety to assess their appro-
priateness for the inclusion in this meta-analysis. The basic
information including cancer type, ethnicity of the study
populations, and the number of cases and controls of each
study are listed in Table 1. In all studies, the cases were his-
tologically conWrmed, and the controls were free of colo-
rectal cancer.

In the total 12 studies, 2 articles provided the data of
smoking status (Kim et al. 2003; Curtin et al. 2009) and
three of them have colon cancer data (Kim et al. 2003;
Pardini et al. 2008; Curtin et al. 2009). These researches
were conducted in diVerent populations of ethnicities:
seven studies were involved in the European populations
(Engin et al. 2010; Hansen et al. 2005; Moreno et al. 2006;
Pardini et al. 2008; Sliwinski et al. 2009), two were Ameri-
can populations (Brevik et al. 2010; Curtin et al. 2009),
and three were Asian populations (Kim et al. 2003; Park
et al. 2007; Stern et al. 2007).

Summary statistic

We included 4,026 cancer patients and 5,862 control sub-
jects in the Wnal analysis. Details were listed in Table 1.
Frequency of genotype and allele was shown in Table 2.
All studies of control were in HWE (P > 0.05).

Table 1 Characteristics of included studies in meta-analysis

Year First author National Cases Controls HW (P)

Ser/Ser Ser/Cys Cys/Cys Total Ser/Ser Ser/Cys Cys/Cys Total

2010 Asgeir Brevik USA 172 117 19 308 217 127 18 362 0.916317

2010 Ayse Basak Engin Turkish 50 43 17 110 51 47 18 116 0.202622

2007 B. Pardini Czech 336 168 28 532 331 181 20 532 0.436796

2011 Emel Canbay Turkish 31 40 8 79 171 69 7 247 0.990075

2007 Hye-Won Park Korea 91 220 128 439 120 333 223 676 0.822604

2003 Jae-IL Kim Korea 24 66 35 125 52 131 64 247 0.320287

2009 Karen Curtin USA 918 570 94 1,582 1,172 686 93 1,951 0.562843

2007 Mariana C. Stern Singapore 35 152 116 303 183 537 439 1,159 0.379570

2005 Rikke Hansen Norway 101 55 9 165 208 164 24 396 0.262194

2010 Tomasz Obtulowicz Poland 38 19 17 74 63 33 1 97 0.138524

2009 Tomasz Sliwinski Poland 52 46 2 100 68 28 4 100 0.606619

2006 Victor Moreno Spanish 225 114 23 362 210 104 9 323 0.360000
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Allele and subgroup analysis

Individuals carrying the hOGG1 Cys/Cys genotype did not
have signiWcantly increased colorectal cancer risk compared
with those carrying the Ser/Ser genotype (OR = 1.234; 95 %
CI: 0.979–1.578; P = 0.074) and Cys/Cys allele (OR = 1.146;
95 % CI: 0.978–1.342, P = 0.091). Similarly, no signiWcant
association with colorectal cancer risk was found in either a
recessive model (OR = 1.198; 95 % CI: 0.959–1.496,
P = 0.111 for Cys/Cys vs. Ser/Cys + Ser/Ser) or a dominant
model (OR = 1.045; 95 % CI: 0.975–1.121, P = 0.213 for
Cys/Cys + Ser/Cys vs. Ser/Ser).

In the stratiWed analysis by ethnicity, signiWcantly
increased risks were found among European plus American
subjects, who are mostly Caucasian (OR = 1.444; 95 % CI:
1.017–2.05 Cys/Cys vs. Ser/Cys + Ser/Ser; P = 0.04) in a
recessive model and (OR = 1.494; 95 % CI: 1.023–2.181;

P = 0.038) in a homozygote contrast. But in sensitivity
analysis, we found that several studies inXuence the corre-
sponding pooled ORs. So we divided this group into two
subjects, one for European population and another for
American population. Then the result suggested that there
were no association between hOGG1 Ser326Cys polymor-
phism and colorectal cancer among both of these two popu-
lations (Table 2).

However, among Asian subjects, no signiWcant associa-
tion with colorectal cancer risk was found in either a reces-
sive model (OR = 0.962; 95 % CI: 0.818–1.131 for Cys/
Cys vs. Ser/Cys + Ser/Ser; P = 0.64) or a dominant genetic
model (OR = 1.007; 95 % CI: 0.894–1.136; P = 0.804).

There was no signiWcant association with hOGG1
Ser326Cys allele in a homozygote contrast and colorectal
cancer (OR = 1.354, 95 % CI: 0.967–1.896 for Cys/Cys vs.
Cys/Ser + Ser/Ser; P = 0.077) in smokers.

Table 2 The ORs of hOGG1 Ser326Cys polymorphism, ethnicity, and smoking status with colorectal cancer

Bold value indicates that this result was not robust enough

Allele and genotype Populations OR I2 (%) Pheterogeneity P Model

326Cys allele (an additive model) All 1.082 (0.956, 1.223) 70.8 0 0.212 D+L pooled OR

Asian 0.994 (0.905, 1.092) 0 0.598 0.902 M¡H pooled OR

European 1.234 (0.973, 1.565) 73.1 0.001 0.084 D+L pooled OR

American 0.952 (0.731, 1.242) 75.2 0.45 0.719 D+L pooled OR

European + American 1.148 (0.95, 1.338) 78.2 0.00 0.152 D+L pooled OR

Colon carcinoma 1.056 (0.966, 1.155) 0 0.884 0.23 M¡H pooled OR

Cys/Cys versus Ser/Ser 
(homozygote contrast)

All 1.243 (0.979, 1.578) 53 0.016 0.074 D+L pooled OR

Asian 1.000 (0.835, 1.199) 0 0.599 0.996 M¡H pooled OR

European 1.717 (0.936, 3.149) 65.2 0.008 0.081 D+L pooled OR

American 1.269 (0.966, 1.667) 0 0.942 0.087 M¡H pooled OR

European + American 1.494 (1.023, 2.181) 54.9 0.023 0.038 D+L pooled OR

Colon carcinoma 1.235 (0.975, 1.564) 0 0.825 0.081 M¡H pooled OR

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

All 1.045 (0.975, 1.121) 24.3 0.205 0.213 M¡H pooled OR

Asian 1.007 (0.894, 1.136) 0 0.804 0.904 M¡H pooled OR

European 1.135 (0.918, 1.403) 55.2 0.037 0.243 D+L pooled OR

American 1.059 (0.947, 1.185) 0 0.76 0.315 M¡H pooled OR

European + American 1.093 (0.957, 1.248) 40.8 0.095 0.188 D+L pooled OR

Colon carcinoma 1.03 (0.92, 1.17) 43.6 0.17 0.58 M¡H pooled OR

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

All 1.198 (0.959, 1.496) 51.6 0.019 0.111 D+L pooled OR

Asian 0.962 (0.818, 1.131) 0 0.654 0.64 M¡H pooled OR

European 1.64 (0.936, 2.873) 60.8 0.018 0.084 D+L pooled OR

American 1.246 (0.952, 1.63) 0 0.99 0.11 M¡H pooled OR

European + American 1.444 (1.017, 2.05) 49.5 0.045 0.04 D+L pooled OR

Colon carcinoma 1.226 (0.976, 1.541) 0 0.782 0.08 M¡H pooled OR

Smokers 1.354 (0.967, 1.896) 0 0.908 0.077 M¡H pooled OR

Non-smokers 1.132 (0.832, 1.58) 0 0.886 0.431 M¡H pooled OR
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Publication bias

Funnel plots and Egger’s test were performed to assess the
publication bias. Publication bias was signiWcant in the meta-
analysis for Cys allele (t = 3.4, P = 0.007), while its meta-
analysis was not signiWcant. The Egger’s test data suggested
that there was no evidence of publication bias in hOGG1 Cys/
Cys versus Ser/Cys + Ser/Ser (t = 2.33, P = 0.05), Ser326Cys
Cys/Cys + Ser/Cys versus Ser/Ser (t = 1.41, P = 0.189), and
Cys/Cys versus Ser/Ser (t = 2.01, P = 0.072) analysis.

Discussion

The results of epidemiological studies of common poly-
morphisms in DNA repair genes, if large and unbiased, can
provide insight into the relationships between DNA repair
genes, polymorphisms, pathways, and colorectal cancer
risk, and also lead to an increased understanding of the pub-
lic health dimension of DNA repair variation. Meta-analy-
sis is a powerful method for resolving inconsistent Wnding
with a relatively large number of subjects. Mounts of
researches about the risks between hOGG1 Ser326Cys
polymorphism and diVerent kinds of cancers are very big,
such as lung cancer, esophageal cancer, breast cancer, and
colon cancer. Most of those cancer types have been summa-
rized by meta-analysis. In the past several years, many
studies have indicated that hOGG1 Ser326Cys polymor-
phism was associated with colorectal cancer risk, maybe
because of the relatively small sample size and diVerent
genetic background, and the results remain inconsistent. So
far, there is no report of meta-analysis about colon cancer
and hOGG1 Ser326Cys polymorphism. In this study, meta-
analysis was used to summarize the association from the
current literatures and to explore sources of heterogeneity.

A total of 12 publications containing 4,026 cases and
5,826 controls were selected in the study. However, no sig-
niWcant eVects were observed in 326Cys allele compared to
326Ser allele and other genetic contrasts (homologous con-
trast, dominant genetic model, and recessive genetic model)
on colorectal cancer risk in all subjects. As all know, the
pathogenesis of colorectal cancer is complex: several fac-
tors including diVerent ethnicity, environmental factors,
and the interactions between gene–gene and gene–environ-
ment are all involved in this process and make contribution
to the genesis of colorectal cancer. Subsequently, we evalu-
ated the role of Ser326Cys polymorphism in diVerent sub-
groups (European population, Americans, and Asians).
Firstly, European and American people were considered
together as one group (Caucasians), and results revealed
that the people carrying hOGG1 Cys326Cys might have
more risk than other types. However, we found that several
studies inXuenced the OR in the sensitivity analysis, so it

cannot get the robust conclusion that the Caucasians have
more risks than other people. But when analyzed sepa-
rately, it got negative result. In short, the analysis suggested
that there is no association between hOGG1 Ser326Cys
polymorphism and colorectal cancer both in European and
in American populations.

Also smoking is an oxidative stress risk factor; to evalu-
ate the association between smoking and susceptibilities of
colorectal cancer, data of smokers and non-smokers were
extracted and analyzed from two researches, and the results
showed that there was no evidence for smokers carrying
Cys/Cys had more risk for colorectal cancer than non-
smokers. More detailed and complete researches are needed
for this issue to get a more precise conclusion.

Limitation of this meta-analysis should be acknowl-
edged. Some studies evaluated associations between
hOGG1 Ser326Cys and colorectal cancer risk in several
subgroups of populations, such as associations among
smokers with colorectal cancer. There are only two previ-
ous studies that consistent with our standard provide the
association between smoking and hOGG1 Ser326Cys poly-
morphism. It is diYcult for a meta-analysis to derive such
speciWc associations, because the results from previous
studies were not presented in a uniform standard.

Epidemiological studies revealed that many factors were
included in the pathology of colorectal cancer. However,
none of the single element had been reported to play the piv-
otal role in the genesis of colorectal cancer. Further synthetic
and intimate researches about BER (hOGG1, XRCC1, and
APEX1) and other related causes such as age at diagnosis,
eating habit, medical history, and stage at diagnosis were
needed for the etiological factor of colorectal cancer.

In summary, this meta-analysis of the 12 studies strongly
suggests that hOGG1 Ser326Cys polymorphism is not
associated with colorectal cancer. However, due to the
small subjects included in analysis and the selection bias
existed in some studies, the results for the smoking popula-
tion should be interpreted with caution.

ConXict of interest All authors have no conXicts of interest.
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