
P.O.Box 2345, Beijing 100023,China                                                                                                                                                                          World J Gastroenterol  2003;9(5):956-960
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology

E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                   Copyright © 2003 by The WJG Press ISSN 1007-9327

• COLORECTAL CANCER •

hOGG1 Ser326Cys polymorphism modifies the significance of the
environmental risk factor for colon cancer
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Abstract
AIM: To determine the association of hOGG1 (8-oxoguanine
glycosylase I, OGG1) polymorphism of Ser326Cys
substitution with colon cancer risk and possible interaction
with known environmental risk factors.

METHODS: A case-control study with 125 colon cancer
cases and 247 controls was conducted.

RESULTS: There was no major difference in Ser326Cys
genotype distribution between cases and controls. The meat
intake tended to increase the odds ratio for colon cancer with
an OR of 1.72 (95 % confidence interval; CI=1.12-2.76).
Such tendency was more prominent in Cys/Cys carriers
(OR=4.31, 95 % CI=1.64-11.48), but meat intake was not
a significant risk factor for colon cancer in Ser/Ser or Ser/
Cys carriers. The OR for colon cancer was elevated with
marginal significance in smokers who were Cys/Cys carriers
(OR=2.75, 95 % CI=1.07-7.53) but not in Ser/Ser or Ser/
Cys carriers.

CONCLUSION: These results suggest that the hOGG1
Ser326Cys polymorphism is probably not a major contributor
to individual colon cancer susceptibility overall, but the Cys/
Cys genotype may alter the impact of some environmental
factors on colon cancer development.
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INTRODUCTION
Reactive oxygen species are formed continuously in living cells
through both endogenous and exogenous processes. The
reaction of reactive oxygen species results in various forms of
both cellular and DNA damage[1]. Oxidative damage to DNA
is thought to cause mutations, which in turn can activate
oncogenes or inactivate tumor suppressor genes and may
finally lead to carcinogenesis[2-4]. 7,8-Dihydro-8-oxoguanine

(8oxoG) is one of the most important lesions produced in DNA
by oxygen radical forming agents. Due to its mispairing with
deoxyadenosine, it causes mutagenic transversion of G:C to
T:A in vitro and in vivo[5,6]. The hOGG1 gene encodes a DNA
glycosylase/AP-lyase that catalyzes the removal of 8oxoG
adducts as part of the base excision repair pathway. The
hOGG1 gene is expressed as multiple alternatively-spliced
isoforms with only the 1α-form containing a nuclear
localization signal[7,8]. Previous studies have revealed the
presence of several polymorphisms at the hOGG1 locus. A C/
G polymorphism at position of 1245 in the 1a-specific exon 7 of
the hOGG1 gene results in an amino acid substitution from
serine to cysteine in codon 326[9]. Although no difference in
catalytic activity was observed between Ser326 and Cys326
variants in some studies[10,11], the hOGG1 protein encoded by
the Ser326 allele exhibited substantially higher activities than
the Cys326  variants in an in vitro Escherichia coli
complementation activities assay[9].
     Several studies have suggested that Cys326 type allele is
associated with increased risk for lung[12], esophageal[13] and a
subset of stomach cancer[14]. The possible causal relationship
between oxygen free radicals and cancer development has been
reported mainly in organs under a high burden of oxygen free
radicals, including the lung and oro-laryngeal cancer associated
with smoking history. Among the smokers, the Cys/Cys carriers
who are supposed to have decreased capability in coping with
the oxidative DNA damage tended to be more susceptible to
lung cancer than the Ser/Ser or Ser/Cys carriers. The colon
may be continuously exposed to the attack of oxygen free
radicals. The relatively high concentrations of iron in feces,
together with the ability of bile pigments to act as iron chelators
that support Fenton chemistry, may very well permit efficient
hydroxyl radical (-OH) generation from superoxide and
hydrogen peroxide produced by bacterial metabolism[15]. The
abundant free radical generation in colon supports the free
radical related colon carcinogenesis.
     We previously demonstrated that the impact of genetic
defect on carcinogenesis is modulated by an environmental
risk factor in hereditary nonpolyposis colorectal cancer
patients[16]. In addition, we tried to delineate the relationship
between hOGG1 enzyme activity and the allele type harbored
in Ser326Cys polymorphism in vivo[17]. However, any clear
conclusion was not made despite of possible relevance. The
available information makes it plausible to hypothesize that
the Ser326Cys polymorphism may alter colon cancer risk,
particularly in association with the environmental risk factors.
We will conduct a case control study to examine the
hypothesis.

MATERIALS AND METHODS

Study populations and sample processing
Case subjects consisted of 125 patients operated with primary
colorectal cancer. All the patients agreed to participate in this
study and consented. Community-based controls consisted of
subjects who were visited the health-screening center of Ilsan-
Paik hospital. At this center, screenings of common cancers as



well as evaluation on the general status of health were
performed. All control subjects were recruited after an initial
verbal screening to determine whether they had no previous
diagnosis of cancer, and none of the controls recruited into
this study were diagnosed with any form of cancer after
screening. The eligible pool of control subjects was restricted
to those individuals of the same age (±5 years) and sex as case
subjects. The controls pair-matched into a 2 to 1 ratio in terms
of those cases studied. Ninety-five percent of the control
subjects (n=247) consented. A trained interviewer conducted
in-person interviews. Information was collected on life-long
smoking, alcohol consumption, diet habits, physical activity
and family history of colorectal cancer.

Genotypic assays
The genotypes of hOGG1 alleles were determined by a
polymerase chain reaction - restriction endonuclease length
polymorphism (PCR-RELP) analysis. Briefly, a 251 bp
fragment was amplified by PCR in a 25 µL reaction volume
that contained 50 ng of genomic DNA, 10 mmol/L Tris-HCl,
50 mmol/L KCl, 1 mmol/L MgCl2, 0.2 mmol/L of each
dNTP, 10 pmol of the hOGG1 sense (hOGG1F; 5’-
AGTGGATTCTCATTGCCTTCG-3’, corresponding to
nucleotide 8 919 through 8 939 of hOGG1 intron 6 DNA
sequences; Genbank accession #HSA131341) and antisense
(hOGG1R; 5’-GGTGCTTGGGGAATTTCTTT-3’,
corresponding to nucleotide 9 150 through 9 169 of hOGG1
exon 7 sequences) primers and 2 units of Taq DNA polymerase.
Cycling conditions were as follows: initial denaturation at
94  for 5 min following 30 cycles of denaturation at 94 
for 30 sec, annealing at 57  for 30 and elongation at 72 
for 40. Ten µL of each PCR sample was digested with 2 units
of Fsp4HI (Bioneer, Taejeon, Korea) at 37  for 12 h and
resolved on 30 g/L agarose gels to detect differences in RFLP
patterns.

Statistical analysis
The association between the hOGG1 polymorphism and
colorectal cancer risk was estimated by the odds ratio (OR),
using the unconditional logistic regression model. We
calculated not only crude ORs, but also values adjusted for
age, sex, drinking habits, smoking and diet habits to control
the effect of potential confounding environmental factors.
Because the Ser/Ser genotype was thought to have the highest
effective enzymatic activity, we used this genotype as reference
for colorectal cancer risk. Thus, the ORs for the Ser/Cys and
Cys/Cys types relative to the Ser/Ser were calculated. The ORs
for the Cys/Cys type versus other types combined were also
calculated because only the Cys/Cys type could potentially
influence the individual repair activity. Statistical differences
of the categorical comparison and the probability of the Hardy-
Weinberg equilibrium were tested using χ2 test.

RESULTS
The mean age of the case and control groups were 57.2 and
56.1 years, respectively, and the case and control groups
consisted of 36.5 % and 37.2 % females, respectively. There
were no significant statistical differences in age and gender
between the case and control groups.
     Three banding patterns were observed depending on the
genotypes; a single 251 bp band corresponding to the Ser326/
Ser326 genotype, a 251, 153 and 98 bp bands that corresponded
to the Ser326/Cys326 genotype, and 153 and 98 bp bands
corresponding to the 326Cys/Cys326 genotype (Figure 1A).
The specificity of the amplification products was verified by
sequencing (Figure 1B).

Figure 1  A: The representative PCR-RFLP analysis of hOGG1
Ser326Cys polymorphism. Lane 1, 5, undigested PCR-ampli-
fied product observed in homozygous Ser326 carriers; Lane 2,
Fsp4HI-digested PCR product from subject with heterozygous
hOGG1 genotype; Lane 3, 4, Fsp4HI-digested PCR product
from subject with homozygous Cys326 genotype. B: DNA se-
quence histogram revealing the indicated sequence changes
(underlined). In the 2nd histogram, both the cytosine (blue line)
and guanine (black line) are observed in the codon 326 site
(marked as N), indicating the heterozygous genotype.

      The allelic frequency was not significantly different between
cases and controls, slightly more homozygous Cys326 alleles
were found in the case group than that in the controls (Table
1). The prevalence of the hOGG1 Ser/Cys polymorphism
followed theHardy-Weinberg equilibrium.

Table 1  Odds ratios for colon cancer according to the geno-
types of hOGG1 Ser326Cys polymorphism

       Number (%)
 OR (95% CI)    P for trend

Controls        Cases

Ser / Ser 52  (21.1)      24 (19.2) 1.00
Ser / Cys 131 (53.0)     66 (52.8) 1.09  (0.60-2.00)       P=0.871
Cys / Cys   64 (25.9)     35 (28.0) 1.18  (0.60-2.35)
Total 247 (100)    125 (100)
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      To examine the relationship between the hOGG1 genotype
and colon cancer risk in the presence of selected
environmental risk factors, study subjects were stratified by
hOGG1 genotype and several known colon cancer risk
factors. Table 2 represented the frequency distribution of the
hOGG1 genotype stratified with the risk factors and ORs with

a 95 % confidence interval (95 % CI) for colon cancer cases
compared with controls. None of the risk factors analyzed in
the present study significantly elevated the ORs for colon
cancer in the total number of subjects studied. Only frequent
meat intake increased the OR with marginal statistical
significance.

Table 2  ORs for colon cancer according to individual habits and familial history of colon cancer with reference to the hOGG1
Ser326Cys polymorphism

           Total hOGG1 Ser326Cys polymorphism

Ca/Co OR  95% CI Ser/Ser + ser/Cys      Cys/Cys

Ca/Co OR  95%CI Ca/Co OR  95%CI

Smoking
    No 44/106 1.00        - 35/75 1.00        - 9/31 1.00        -
    Yes 81/141 1.53 0.94-2.52 55/108 1.08 0.62-1.84 26/33 2.75 1.07-7.53
Drinking
    < 2 times/wk 73/161 1.00        - 53/122 1.00        - 20/39 1.00        -
    > 2 times/wk 52/86 1.37 0.87-2.32 37/61 1.49 0.87-2.77 15/25 1.21 0.49-3.02
Meat
    < 2 time/week 66/159 1.00        - 52/112        - 14/47 1.00        -
    > 2 time/week 59/88 1.72 1.12-2.76 38/71 1.27 0.73-2.13 21/17 4.31 1.64-11.48
Vegetable intake
    Low 50/89 1.00        - 36/70 1.00        - 14/19 1.00        -
    High 75/158 0.80 0.49-1.31 54/113 0.90 0.46-1.67 21/45 1.55 0.50-4.19
Soybean product
    < 3/wk 55/115 1.00 37/87 1.00        - 18/28 1.00        -
    > 3/wk 70/132 1.11 0.70-1.75 53/96 1.30 0.76-2.23 17/36 0.73 0.30-1.82
Activity
    < 4 hs/wk 61/104 1.00        - 43/75        - 18/29 1.00        -
    > 4hs/wk 64/143 0.76 0.48-1.20 47/108 0.76 0.44-1.30 17/35 0.78 0.32-1.94
Familial history of colon cancer
    No 84/185 1.00        - 62/138        - 22/47 1.00        -
    Yes 41/62 1.46 0.80-2.40 28/45 1.38 0.76-2.51 13/17 1.63 0.62-4.32

Denotes: Ca/Co=Cases/Controls.

     In the subgroup analysis with reference to the Ser326Cys
polymorphism, the smoking habit did not increase the ORs
for colon cancer in Ser/Ser or Ser/Cys carriers. In contrast, a
near-significant increase in risk was observed for smokers with
the Cys/Cys genotype (OR=2.75, 95 %CI=1.07-7.53). Meat
intake was associated with increased colon cancer incidence
with borderline significance among the total number of subjects
(OR=1.72, 95 % CI=1.12-2.76). The OR for colon cancer with
frequent meat intake was further increased in the Cys/Cys
subgroup (OR=4.31, 95 % CI=1.64-11.48), while the OR was
not increased in Ser/Ser or Ser/Cys carriers. Except for the
meat intake factor, the intake of selected foods including
alcohol, vegetable and soybean products did not alter the ORs
for colon cancer neither in the entire group of subjects studied
nor in the Cys/Cys subgroup. No significant alteration in the
OR for colon cancer according to the extent of physical activity
was observed in either genotype carriers.
    Because the presence of colon cancer in relatives,
particularly in 1st or 2nd degree relatives, has been known to be
associated with colon cancer risk and because the genetic
polymorphism could be one of the possible causes, changing
patterns of OR for colon cancer according to the hOGG1
Ser326Cys polymorphism when there was at least one colon
cancer patient within a family were investigated. Although the
risk was increased with the presence of colon cancer within a
family among the total number of subjects studied, there was
no apparent increase in the OR among subjects with Cys/Cys
genotype.

DISCUSSION
It is theoretically possible that the incidence of cancer differs
depending on the genotypes of hOGG1 Ser326Cys
polymorphism. This view is supported by the difference in
DNA repairing capability depending on the allele type[9] and
increase of the incidence of cancer in certain organs in Cys326
allele carriers[12,13,18].
      Colon is the most susceptible organ for cancer development
in hereditary non-polyposis colorectal cancer (HNPCC), where
the DNA mismatch repair activity is defective[19]. As the role
of defects in DNA mismatches repair process in colon
carcinogenesis is very clear, attention has also recently focused
on the possible role of alternative DNA repair pathways such
as base excision repair in colon cancer formation.
      In the present investigation, however, the hOGG1 Ser326Sys
polymorphism did not alter the overall odds ratios for colon
cancers despite of the theoretical relevancies. Subgroup
analysis revealed an increased tendency of ORs with smoking
habit or frequent meat intaking in Cys/Cys carriers although
the statistical significance of the former factor is marginal.
      The intake of meat and animal fat was almost consistently
associated with the increased risk of large-bowel cancer in the
previous studies[20-22]. It was suggested that the abundant fecal
iron after red meat intake, together with the ability of bile
pigments to act as iron chelators, supports the superoxide-
driven Fenton reaction[15]. Meanwhile, excessive fat ingestion
increases the concentrations of bile acids in the colon. The
increased fatty acids and secondary bile acids in the colonic
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lumen, which acts as cytotoxic surfactants, can damage colonic
epithel ial  cel ls  and thus induce a  compensa tory
hyperproliferation of crypt cells[23]. In addition, the high intake
of polyunsaturated fatty acid induces peroxidative reaction with
plasma low-density lipoproteins, which in turn generate free
radicals. Meat is a major source of dietary animal fat. Thus,
the question is still unresolved whether the association of meat
with colorectal cancer seen in some epidermiologic
investigations reflects the effect of fat, or meat in general, or
just particular types of meat. One prospective study showed
that red meat, but not the chicken or fish could be an
independent risk factor for colon cancer[24]. The result of the
present investigation together with a literature review consists
with the suggestion that oxidative damage after meat intake
may play a role in colon carcinogenesis and that the role may
be more pronounced in Cys/Cys carriers, who have a lower
activity in terms of repair of DNA.
      Some discussion is required on the credibility of the answer
concerning the meat intake habit. The dietary environment has
been rapidly changing in Korea in accordance with economic
development. Meat consumption per capita has increased more
than 3 times during the past 3 decades[25]. A possible problem
under this circumstance is that the answers on the questionnaire
might be more influenced by recent dietary habits rather than
lifelong ones, although we tried to reduce such problems to a
minimum during the interview.
      Among the various lifestyle factors, tobacco smoking might
provide the strongest oxygen radical generating environment.
An array of studies demonstrated the increased oxidative DNA
damage in smokers compared to non-smokers[26,27]. The
carcinogenic role of tobacco in association with the oxygen
free radical seems clear in airway tract tissues. Recent studies
showed that an increased risk of squamous type lung cancer,
orolaryngeal cancer in smokers, was particularly found in
homozygous Cys 326 gene carriers. In general, the biologic
role of tobacco smoke as an etiology of cancer in the
gastrointestinal tract might be less prominent than that in the
airway tract. Tobacco smoking history is often inconsistent
with the incidence of colorectal cancers although it shows a
near consistent positive relationship with the presence of
colorectal adenomas[28,29]. The previous studies, which
investigated the effect of smoking in gastric cancer
development in connection with the Ser326Cys polymorphism,
showed only a weak association[14]. In the present study, the
OR for colon cancer among smokers tended to be higher in
Cys/Cys carriers than that in Ser/Ser and Ser/Cys carriers, the
interaction being of borderline statistical significance. The
result of present findings suggested that the oxygen free radical
generated from tobacco smoke might be involved in colon
carcinogenesis although the role is probably limited.
    The role of oxidative DNA damage in alcohol-related
carcinogenesis is still controversial. Alcohol consumption was
associated with increased DNA damage or induction of 8oxoG
in some studies[30,31] in contrast, but not in others[32,33]. The
present study showed that alcohol intake did not increase the
risk of colon cancer even in Cys/Cys carriers. It suggested that
the role of alcohol consumption in colon cancer formation,
particularly in association with the 8oxoG adduct induction,
was limited. The other factors including vegetable or soybean
product intake, physical exercise and family history of colon
cancer did not increase OR for colon cancer in the total number
of subjects studied as well as in Cys/Cys carriers. Thus, it was
difficult to interpret whether these factors play a role during
colon carcinogeneis, particularly in interaction with the hOGG1
Ser326Cys polymorphism.
     In summary, the hOGG1 Ser/Cys polymorphism does not
significantly alter the overall risk of colon cancer. The Cys
type allele, however, may exert an impact on colon

carcinogenesis through an interaction with certain
environmental factors such as smoking or meat consumption.
There are lines of complex biologic factors involved in colon
carcinogenesis. The present study suggests the possibility that
an inter-individual difference in DNA repair capacity can be
one such factor, however, the influence of such a role is
believed to be limited. Further studies with a large number of
subjects are warranted to better assess the role of hOGG1
polymorphism in colon carcinogenesis.
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