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A Limited Association of OGG71 Ser326Cys Polymorphism for Adenocarcinoma of the

Lung

Hidemi Ito "3, Nobuyuki Hamajima ', Toshiro Takezaki ', Keitaro Matsuo "4, Kazuo Tajima ',
Shunzo Hatooka 2, Tetsuya Mitsudomi 2, Motokazu Suyama 2, Shigeki Sato ® and Ryuzo Ueda ®

The 8-oxoguanine DNA glycosylase (OGG1) repairs DNA by removing 8-hydroxyguanine, a
highly mutagenic oxidative DNA adduct. Recently, the gene for OGG1 was cloned and several
polymorphisms have been reported. Because environmental carcinogens produce 8-
hydroxyguanine residues that potentially cause oncogenic mutations by mismatching to this
modified base, the capacity to repair these lesions can be involved in cancer susceptibility. This
study investigated the association between OGG7 Ser326Cys polymorphism and risk of the lung
adenocarcinoma for Japanese by a prevalent case-control study in Japan. The subjects
comprised 138 cases and 241 non-cancer outpatients as controls. OGG7 gene polymorphism
was genotyped by a PCR-CTPP (polymerase chain reaction with confronting two-pair primers)
method. The distribution of OGG7 Ser326Cys genotype among controls (Ser/Ser, 28.3%;
Ser/Cys, 49.2%; and Cys/Cys, 22.5%) was not different from that among cases (Ser/Ser, 29.0%;
Ser/Cys, 51.4%; and Cys/Cys, 24.0%). The sex-age adjusted odds ratio (OR) was 1.06 with 95%
confidence interval (Cl) 0.64-1.76 for Ser/Cys genotype and 0.81 with 0.44-1.52 for Cys/Cys
genotype. The ORs according to the interval between diagnosis and study enroliment were also
examined because the polymorphism was a potential prognostic factor of lung cancer. The ORs
of Ser/Cys and Cys/Cys genotypes in the cases less than 3 years after diagnosis were higher
than overall ORs; 1.86 (95%Cl, 0.91-3.77), and 1.46 (0.64-3.35), respectively. The OR for smoking
was not statistically different among genotype, though the sample size was too smali to detect
even a moderate interaction. This study supported the first study by Sugimura et a/ (Cancer
Epidemiol Biomarkers Prev, 1999; 8: 669-674), that the association of OGG7 Ser326Cys
polymorphism was limited for the risk of lung adenocarcinoma.
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INTRODUCTION

Oxidative DNA damage is thought to cause mutations,
which can activate oncogenes or inactivate tumor suppresser
genes finally leading to cancer 2. To protect the damage,
organisms have developed highly efficient DNA repair
machineries *#. Interindividual variation in the repair capacity
has been implicated as a cancer susceptibility factor. 8-hydrox-
yguanine is one of the major forms of oxidative DNA damage

produced by reactive oxygen species (ROS), and causes muta-
genic / carcinogenic DNA misreading through G:C to T:A
transversion 9. G:C to T:A transversion are widely seen in
tumors e. g. in lung tumors where these transversion are very
frequently found in the p53 gene and compared with other
tumors such as those of colon or breast »®, Several kinds of
human cancer tissues, including lung cancer, showed higher
levels of 8-hydroxyguanine compared with their non-cancer-
ous counterparts *'. These findings indicate that this kind of
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oxidative DNA damage causes human cancer development.

The human 8-oxoguanine DNA glycosylase 1 is one of 8-
hydroxyguanine repair enzymes *'®. OGG/ is the gene encod-
ing the glycosylase, which belongs to the base excision repair
gene family 7 Studies on genetic structure have revealed the
presence of several polymorphisms within the OGG! locus 9.
Among them, Ser326Cys polymorphism has been shown to be
very common in Japanese and Chinese populations '*%, but
less common in Caucasian populations 2 2. The Cys326 pro-
tein has been shown to have about 7 times weaker 8-hydrox-
yguanine-repair capacity than Ser326 protein in complementa-
tion assay using Escherichia coli mutant strain deficient in 8-
hydroxyguanine *. However, Ser326Cys polymorphism did
not correlate with the mean 8-hydroxyguanine levels in periph-
eral lymphocytes 9 and nor with the adduct levels in human
lung samples 3 In addition, recent studies reported no differ-
ence in the catalytic activities between Ser326 and Cys326
alleles #®. Therefore, the difference in the function in vivo
between the two alleles remains unclear.

The association between OGGI Ser326Cys polymorphism
and the risk of lung cancer has been investigated in 3 studies 22
In all studies, the frequencies of Cys/Cys genotype were slight-
ly higher among cases than among controls, but not significant.
For other cancers, a significant association with the risk of
esophageal cancer risk has been reported in China *".

In Japan, lung cancer is the leading cause of deaths among
malignancies ®. The cumulative incidence of lung adenocarci-
noma has been steadily increasing for both males and females,
while that for lung squamous cell carcinoma was almost con-
stant from 1970s 2. The reason is not clear, but the change in
the kind of cigarettes from high-tar no-filtered to low-tar fil-
tered is suspected to be one of the factors *. Although the
association of old type cigarettes with the adenocarcinoma is
weaker than with the squamous or small cell carcinoma, the
adenocarcinoma may have a stronger association with low-tar
filtered cigarettes. In order to detect high-risk individuals, stud-
ies on the interactions between genetic traits and smoking
should be conducted for many tobacco-related polymorphisms.
In this paper, we examined the association between Ser326Cys
polymorphism and adenocarcinoma of the lung by a prevalent
case-control study with hospital controls. Furthermore, the
effect modification by this polymorphism was examined for
smoking habit.

MAERIALS AND METHODS

Study subjects

Cases were lung cancer patients who visited Aichi Cancer
center Hospital during 1999-2000. At the first stage, they were
asked by their doctors in charge whether to participate in this
study or not (not counted how many outpatients were asked by
the doctors). At the second stage, the assentients at first stage
were enrolled after written informed consent by staffs of

Division of Epidemiology and Prevention. With a few excep-
tions all agree to participate in this study. A total of 138
Japanese patients with adenocarcinoma of the lung aged 26 to
80 years (68 males and 70 females) at diagnosis and 241 non-
cancer controls aged 39-69 years (118 males and 123 females)
were recruited. The cases had been diagnosed in the past 17
years at Aichi Cancer Center Hospital. The pathological distri-
bution was as follows: 42 with well-differential adenocarcino-
ma, 73 with moderate-differential adenocarcinoma and 18 with
poorly-differential adenocarcinoma. The controls were outpa-
tients without a history of cancer who underwent gastroscopy,
as described in our previous paper A All subjects gave written
informed consent for polymorphism genotyping, completed a
self-administered questionnaire and provided a 7 ml of periph-
eral blood sample. Controls included 97 (40.2% out of 241)
participants stated to be under medication for 107 disease (not
confirmed by their medical records); 23 with gastric/duodenal
ulcer, another 23 for so-called gastritis, 16 with hypertension, 8
for pain including arthritis and lumbargo, 7 with diabetes mel-
litus, 7 with hyperlipidemia, 3 with ischemic heart disease, 3
with thyroid disease, 2 with gynecological disease, 2 with
hyperuricemia, 2 with Meniere disease, 2 with prostate disease,
1 with ulcerative colitis, 1 with pancreatitis, 1 with asthma, 1
with arrhythmia, 1 for epilepsy, 1 for neurosis, 1 with liver cir-
thosis, 1 for ulticaria, and 1 after cerebral infarction. Smoking
status at diagnosis for cases or at interview for controls was
classified into three categories; current smokers including ex-
smokers within one year after the cessation, never smokers
including individuals who smoked less than 100 cigarettes in
their lifetime, and former smokers for the rest who quitted
smoking. The Institutional Review Board of Aichi Cancer
Center approved this study before the study started.

Genotyping procedure

DNA was extracted from 200 4 1 buffy coat reserved -40°C
by a QIAamp Blood Mini Kit (Qiagen, Valencia, CA) and
OGG] Ser326Cys (78435 C to G substitution) polymorphism
was genotyped by a PCR-CTPP (polymerase chain reaction
with confronting two-pair primers) method developed indepen-
dently in our laboratory # which is a similar method by Liu et
al ¥ Each 25 x| reaction tube contained 30-100ng DNA,
0.18mM dNTPs, 12.5pmol each primer, 0.5 U AmpliTaq Gold
(Perkin-Elmer, Foster City, CA) and 2.5 1 of 10 x PCR buffer
including 15mM MgCL. The four primers were F1, 5-CAG
CCC AGA CCC AGT GGA CTC-3"; R1, 5’-TGG CTC CTG
AGC ATG GCG GG-3'; F2, 5-CAG TGC CGA CCT GCG
CCA ATG-3’; and R2, 5’-GGT AGT CAC AGG GAG GCC
CC. Primer pair F1 & R1 for the C allele (Ser326) and F2 &
R2 for the G allele (326Cys) produced allele-specific bands of
252bp and 194bp, respectively, as well as a common 406bp
band between F1 and R2. The PCR was conducted as follows;
10 min of initial denaturation at 95°C, followed by 30 cycles of
1 min at 95°C, 1 min at 64°C and 1 min at 72°C, then 5 min



260 H. Ito, et al.

extension at 72°C. Figure 1 shows the representative result of
genotyping by the PCR-CTPP method.

Statistical Analysis

All statistical analyses were performed using STATA v.7.0
software (STATA, College Station, TX). Accordance with
Hardy-Weinberg equilibrium, which indicates an absence of
discrepancies between genotype and allele frequencies, was
examined for controls with a ¥ ? test. Crude and sex-age
adjusted odds ratios (ORs) and 95% confidence intervals (CIs)
were calculated by an unconditional logistic regression model.
Gene-environment interactions between OGG! polymorphism
and smoking habit was also estimated by the logistic model,
which included an interaction term as well as variables for
exposure (smoking), genotype (OGGI) and potential con-
founders (age and sex).

RESULTS

The characteristics among the cases and controls are shown
in Table 1. The mean age was 60.7 years for cases and 56.8
years for controls. The median interval from diagnosis to study
enroliment was 3.2 years, and the cases diagnosed in the past 2
years were 71 (51.4%). There was no difference in the percent-
age of smokers between cases (23.2%) and controls (22.8%),
but the cases tended to be heavier smokers than controls, as
shown in Table 1.

The allele frequencies of OGGI Ser326 for controls and

Lane
1 2 3 M

cases were 0.55 and 0.53, respectively. The genotype was
28.3% for Ser/Ser, 49.2% for Ser/Cys and 22.5% for Cys/Cys
genotype among controls (Table 2). The distribution of geno-
type among controls was in accordance with Hardy-Weinberg
equilibrium ( ¥ ?=0.043, p=0.837). The distribution among
cases did not differ from that among controls: 29.0% for
Ser/Ser and 51.4% for Ser/Cys and 19.6% for Cys/Cys. There
was a significant difference in the distribution of genotypes
between the cases enrolled less than 3 years after diagnosis
(recent cases) and those enrolled 3 years or longer after diagno-
sis (longer survivors): 19.7% for Ser/Ser, 56.3% for Ser/Cys,
and 24.0% for Cys/Cys among the recent cases; 38.8%, 46.3%,
and 14.9% among the longer survivors, respectively (Table 2).

As shown in Table 3, the crude and adjusted ORs for
Ser/Cys or Cys/Cys genotypes compared with Ser/Ser were not
significant. We also analyzed the ORs by the interval from
diagnosis, because there was a significant difference in OGG!
genotype distribution between the recent cases and the longer
survivors. The adjusted ORs compared with Ser/Ser genotype
were 1.86 (95% CI, 0.83-3.24) for Ser/Cys and 1.53 (0.69-
3.38) for Cys/Cys in the recent cases, and 0.69 (0.38-1.25) and
0.48 (0.22-1.09) in the longer survivors, respectively. The
adjusted ORs for Ser/Cys and Cys/Cys genotypes combined
were 1.72 (0.88-3.39) in the recent cases and 0.64 (0.36-1.14)
in the longer survivors. The OR of the genotype among current
smokers did not differ markedly from that among never smok-
ers, though former smokers had a lower OR (Table 4).

The age-sex-adjusted OR relative to never smokers was

4~500bp

Figure 1. Representative results for the OGGI Ser326Cys polymorphism by
PCR-CTPP method. DNA fragments stained with ethidium bromide are
shown. Lane 1 for Ser/Ser, lane 2 for Ser/Cys, lane 3 for Cys/Cys, and

lane M for a 100-bp DNA ladder.
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Table 1. Characteristics of cases and controls.

R Cases (%) Controls (%)
Characteristics (n=138) (n=241)
Sex Male 68 (49.3) 118 (49.0)
Female 70 (50.7) 123 (51.0)
Age at diagnosis/interview <=50 15 (10.9) 46 (19.1)
51-60 43 (31.2) 90 (37.3)
61-70 54 (39.1) 105 (43.6)
>=71 26 (18.8) 0( 0.0
Mean age + SD 60.7+9.4 56.8+7.9
The intervals from diagnosis < 3 years 71 (51.4)
>= 3 years 67 (48.6)
Smoking status Never smokers 78 (56.5) 140 (58.1)
Former smokers 28 (20.3) 46 (19.1)
Current smokers 32(23.2) 55(22.8)
Cigarette-years< 800 7( 8.8) 26 (11.6)
Cigarette-years>= 800 25(18.1) 27 (11.2)
Unknown 0( 0.0 2(0.8)

Table 2. Distribution of genotype among cases and controls.
No. of cases (%)

Genotype Total The interval from diagnosis No. of controls (%) '
< 3 years* >= 3 years*

Ser/Ser 40 (29.0) 14 (19.7) 26 (38.8) 68 (28.3)

Ser/Cys 71(51.4) 40 (56.3) 31 (46.3) 118 (49.2)

Cys/Cys 27 (19.6) 17 (24.0) 10 (14.9) 54 (22.5)

* Genotype distribution was significantly different; y ? (2)= 6.45 and p=0.040.
T One subject could not genotyped.

Table 3. The overall ORs and that according to the interval from diagnosis.

Crude Adjusted*
Genotype
OR 95%CI OR 95%Cl
Total Ser/Ser 1.00 1.00
Ser/Cys 1.02 0.63-1.67 1.06  0.64-1.76
Cys/Cys 0.85 0.46-1.56 0.81 0.44-1.52
The interval from diagnosis
< 3 years Ser/Ser 1.00 1.00
Ser/Cys 1.64 0.83-3.24 1.86  091-3.77
Cys/Cys 1.53 0.69-3.38 1.46 0.64-3.35
>= 3 years Ser/Ser 1.00 1.00
Ser/Cys 0.69 0.38-1.25 0.71 0.39-1.31
Cys/Cys 0.48 0.22-1.09 0.48 0.54-1.64

* Adjusted for age and sex.

slightly high for former smokers and current smokers 1.18  individuals with Cys/Cys genotype (2.47, 0.50-12.24), though
(0.59-2.34) and 1.29 (0.67-2.49), respectively (Table 5). The the interaction was not statistically significant.

ORs for smoking status according to the OGGI genotype

show that the OR for current smokers was slightly high among
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Table 4. Adjusted ORs according to smoking habit.

Subjects Genotype  No. of cases/controls aOR* 95%C1
Total
Never smokers Ser/Ser 23/45 1.00
Ser/Cys 41/65 1.36 0.71-2.62
Cys/Cys 14/30 1.00 0.46-2.36
Former smokers Ser/Ser 8/11 1.00
Ser/Cys 12/20 0.56 0.15-2.06
Cys/Cys 8/14 0.35 0.08-1.60
Current smokers Ser/Ser 9/12 1.00
Ser/Cys 18/33 0.76 0.25-1.63
Cys/Cys 5/10 0.87 0.27-2.76

*Adjusted for age and sex.

Table 5. The ORs of smoking habit according to OGG1 Ser326Cys

genotype.
No. of Adjusted for age and sex
cases/controls OR 95%CI

Total

Never smokers 78/140 1.00

Former smokers 28/46 1.18 0.59-2.34

Current smokers 32/55 1.29 0.67-2.49
Ser/Ser

Never smokers 23/45 1.00

Former smokers 8/11 2.07 0.40-10.6

Current smokers 9/12 1.89 0.47-7.68
Ser/Cys

Never smokers 41/65 1.00

Former smokers 12/20 0.84 0.31-2.26

Current smokers 18/33 0.92 0.38-2.25
Cys/Cys

Never smokers 14/30 1.00

Former smokers 8/14 1.54 0.42-5.76

Current smokers 5/10 2.47 0.50-12.24

*Adjusted for age and sex.

DISCUSSION

This was the first study that OGG1 Ser326Cys polymor-
phism was genotyped by the PCR-CTPP method %, whose
genotyping was quite clear as demonstrated in Figure 1. The
method is easy, timesaving and inexpensive compared with
PCR-SSCP. The genotype distribution was in accordance with
Hardy-Weinberg law of equilibrium among controls
(p=0.873), which partly supported appropriate control selection
and correct genotyping. The genotype distribution (28.3% for
Ser/Ser, 49.2% for Ser/Cys, and 22.5% for Cys/Cys) was simi-
lar to those previously reported by Sugimura et al. in Tokyo
(27.7%, 57.4%, and 14.9%, respectively, n=94, p for Hardy-
Weinberg equilibrium=0.103) and Okinawa populations
(32.0%, 54.3%, and 13.7%, respectively, n=197, p for Hardy-

Weinberg equilibrium=0.082) %, though the proportion for
Cys/Cys was relatively high. The distribution of the Ser326Cys
polymorphism was quite different among ethnic groups. The
frequency of Cys326 allele in Japanese and Chinese popula-
tions was prevalent compared with other ethnic groups;
Cys/Cys genotype was reported 3.6% for Australian Caucasian
(n=138), 2.7% for Hungarian (n=149) % and 1.9% for
Caucasian in Germany (n=105) %,

In our study, compared with Ser/Ser genotype, the Ser/Cys
and Cys/Cys genotypes were not significantly associated with
the risk of adenocarcinoma of the lung. Because this was a
prevalent case-control study, the estimated ORs indicated not
only with disease occurrence but also with disease prognosis.
In prevalent case-control studies, longer survivors are more
likely to be sampled as cases . Accordingly, the factors relat-
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ed to shorter survival are less frequent among prevalent cases
than among incident cases, which include those with poor
prognosis as well as long survivors. It produces a lower OR for
the prevalent cases than that estimated for the incidence cases.
We divided the case subjects into 2 groups (less than 3 years
after diagnosis versus 3 years or longer) and estimated the OR
according to the interval from diagnosis. Although the differ-
ence was not statistically significant, the ORs of Ser/Cys and
Cys/Cys genotypes compared with Ser/Ser genotype were larg-
er in the recent cases than in the longer survivors. This finding
implies that OGG1 may influence prognosis of lung adenocar-
cinoma. To date, there have been no studies on the association
between this polymorphism and cancer prognosis. The sus-
pected prognostic effect should be examined prospectively in
survival analysis adjusting for other prognostic factors.

In this study population, 70 (50.7%) of 138 patients with
adenocarcinoma were women, and this proportion was similar
to that for the whole patients with lung adenocarcinoma diag-
nosed at Aichi Cancer Center Hospital (46.8% of 828 patients
between 1984 and 2000). The corresponding proportion was
higher at Aichi Cancer Center than that reported in Japan &
Therefore, the high proportion of women with adenocarcinoma
in this study was reflected in the sex distribution at Aichi
Cancer Center Hospital.

In the study by Sugimura et al. %, the significant association
between the Cys/Cys genotype of OGG! and lung cancer risk
was observed only for squamous cell carcinoma (n=118), and
a slightly elevated insignificant OR for adenocarcinoma of the
lung (n=78) was also documented. Confirming the findings for
the adenocarcinoma was required. Our finding for the recent
cases was very similar in the size of OR to their results. Our
study was also too short to confirm the association, but added
information to the finding observed by the previous study.
Although different histological types of lung adenocarcinoma
may be associated differently with this polymorphism, neither
this study nor previous studies were large enough to examine
the possible heterogeneous association.

Biological evidence supporting the association with lung
carcinoma risk is still limited. Previous reports showed that
loss of hetrozygosity (LOH) of 3p, which includes OGG!
gene, was very common in lung cancer tissues 2%,
Although mean 8-hydroxyguanine levels in lung tissue was
higher with LOH than without LOH, the genotype of OGGI
Ser326Cys was not associated with the level, but a polymor-
phism of glutathione peroxidase I gene also located in 3p was
correlated ®. Recently an association between lung adenocar-
cinoma risk and new OGGI polymorphisms at exon 1 has
been reported for Japanese ®_ Further biological studies on
these OGGI polymorphisms, especially in relation to environ-
mental exposures, will be required to elucidate the biological
roles in the carcinogenesis.

Currently, adenocarcinoma of the lung is considered to be
associated with smoking, though the relative risk is lower than

of squamous cell and small cell carcinoma *%, Since high
levels of 8-hydroxyguanine have been detected in smokers’
lung tissue and leukocytes ¥, the interaction with the OGG
genotype was to be examined. In our study, the OR of the
genotype was not different between never smokers and current
smokers, and the difference in the OR of smoking was not
large among the genotypes; 1.89 for Ser/Ser, 0.92 for Ser/Cys,
and 2.47 for Cys/Cys. This suggests that OGGI Ser326Cys
polymorphism-smoking interaction was not marked in adeno-
carcinoma of the lung enough to be detected in our study. In
the past studies, the possible interaction with smoking was
reported for CYPIAI and GSTMI *. Our previous study
found the interaction between L-myc L/S polymorphism and
smoking for esophageal cancer ©.

In conclusion, this study suggested that the association
between OGGI Ser326Cys polymorphism and the risk of lung
adenocarcinoma was limited, if any, but that the Cys/Cys geno-
type might be associated with the poor prognosis. In this study,
no difference in the OR of smoking among the genotypes was
observed. The sample size was not enough for detailed analy-
sis, but this was the largest study on the association with lung
adenocarcinoma so far.
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