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Introduction
8-Hydroxy-2′-deoxyguanosine (8-OHdG) is one of the main
DNA modifications produced by reactive oxygen species
(ROS). Because 8-OHdG can pair with cytosine and ade-
nine bases during DNA synthesis, when 8-hydroxyguanine
(8-OHG) is present in the DNA template, it causes G:C
to T:A transversions (Shibutani et al. 1991), and it induces
A:T to C:G transversions when 8-hydroxy-dGTP in the nu-
cleotide pool is incorporated into DNA (Maki and Sekiguchi
1992). Because of these transversions, 8-OHdG accumula-
tion is thought to cause carcinogenesis. 8-OHdG accumu-
lation in mammalian cells is prevented by the base excision
repair enzymes OGG1, MYH and NEIL1, and by MTH1,
an enzyme that removes 8-hydroxy-dGTP from the intra-
cellular nucleotide pool (Nakabeppu 2001). A variety of
factors, including sodium chloride, Helicobacter pylori in-
fection and smoking (Tredaniel et al. 1997; Farinati et al.
1998), induce inflammation in the stomach tissue. A con-
siderable inflammatory cell infiltrate in the gastric mucosa
causes the production of ROS (Ernst 1999), and ROS are
thought to lead to 8-OHdG accumulation in the gastric mu-
cosa (Farinati et al. 1998), suggesting that the level of in-
flammatory cell infiltration in the stomach may be one of
the factors that determine the 8-OHdG level in the stom-
ach. We, therefore, hypothesized that gastric cancer patients
with both 8-OHdG accumulation and low level of inflamma-
tory cell infiltration in their stomach have genetic factors that
cause them to have a low ability to repair 8-OHdG. We se-
lected 23 patients exhibiting mild or no neutrophil and mono-
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nuclear infiltration, and intense immunoreactivity for
8-OHdG in noncancerous gastric antral tissue, by hematoxy-
lin-eosin (HE) staining and 8-OHdG immunostaining, re-
spectively, of specimens from 231 gastric cancer patients.
The 23 patients selected were then searched for variants of
theOGG1, MYH, NEIL1 andMTH1 genes by direct sequenc-
ing. Three, three, and four single nucleotide polymorphisms
(SNPs) were detected in OGG1, MYH, and MTH1, respec-
tively. They included OGG1-c.977C>G (p.Ser326Cys),
which is associated with a difference in 8-OHdG repair ac-
tivity, and MTH1-c.247G>A (p.Val83Met), which has been
reported to be associated with increased risk of gastric can-
cer. These results suggest that the SNPs of OGG1-c.977C>G
(p.Ser326Cys) and of MTH1-c.247G>A (p.Val83Met) may
be a cause of 8-OHdG accumulation in the gastric mucosa.

Materials and methods
Case selection by histopathological analysis

In this study, the stomach tissue from 231 gastric cancer
patients treated at Hamamatsu University Hospital were
used. Their mean age was 64.7 years (standard de-
viation (SD: 11.9)), and the sample included 160 men
and 71 women. The tumour histology was classified
as the intestinal-type in 116 cases and the diffuse-type
in 115 cases. Paraffin blocks of noncancerous gas-
tric antral tissue from each patient were sectioned and
stained with HE for histopathological analysis. The Syd-
ney System was used to grade infiltration by neutrophils
and mononuclear cells (0, absent; +, mild; ++, moder-
ate; +++, severe) (Dixon et al. 1996). Sections graded
0 or +, determined by the diagnosis, were selected for
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Figure 1. Evaluation of inflammatory cell infiltration and 8-OHdG accumula-
tion in unaffected gastric mucosa. (a) Tissue microarray block used for 8-OHdG
immunostaining. The diameter of cylinder is 5 mm. (b) HE-stained gastric mu-
cosa section from a case selected for mutational analysis. Scale bar represents
0.1 mm. Mild neutrophil and mononuclear cell infiltration is seen. (c) Immuno-
histochemically stained section of gastric mucosa from the same case as in (b).
Intense immunoreactivity for 8-OHdG is seen. (d) A higher magnification of
the area enclosed by the square in (c). (e) HE-stained gastric mucosa section
from a case not selected for mutational analysis. Mild neutrophil and mononu-
clear cell infiltration is seen. (f ) Immunohistochemically stained section from
the case shown in (e). Mild 8-OHdG immunoreactivity is seen.

immunohistochemical analysis. This study was approved
by the Institutional Review Board of Hamamatsu University
School of Medicine (12–14).

Case selection by immunohistochemical analysis

A tissue microarray block was prepared by transferring
a cylinder with a diameter of 5 mm from each paraffin-

embedded tissue selected by histopathological analysis
(figure 1a), and sectioned. After deparaffinization and rehy-
dration of the sections, they were microwaved for 5 min in
0.01 mol/l citric acid buffer for antigen retrieval. Endogenous
peroxidase activity was blocked by incubation for 10 min in
a 0.3% hydrogen peroxide/methanol buffer, and the sections
were incubated with an anti-8-OHdG monoclonal antibody
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(Nikken SEIL, Fukuroi, Japan) at a dilution of 1:50 for 1 h at
room temperature. After the primary antibody reaction, the
sections were incubated with the Envison+ polymer reagent,
which is a secondary antibody conjugated with peroxidase-
labelled dextran (DAKO, Kyoto, Japan) for 1 h at room tem-
perature. The antigen–antibody complex was visualized with
3, 3′-diaminobenzidine tetrahydrochloride (DAB) hydrogen
peroxide solution and counterstained with hematoxylin. Im-
munohistochemical staining was graded according to the fol-
lowing system: +, very mild; ++, mild; +++, moderate;
++++, intense; +++++, very intense. Based on the results of
the evaluation by HE staining and 8-OHdG immunostaining,
23 gastric cancer cases were selected from 231 gastric cancer
patients. The clinicopathological data of these 23 cases were:
mean age, 69.1 years (SD: 11.6); 13 men and 10 women; his-
tological classification, intestinal-type in 16 and diffuse-type
in 7; early-stage gastric cancer in 14 and advanced-stage gas-
tric cancer in 9.

Mutation analysis by direct sequencing

DNA was extracted from noncancerous gastric mucosa with
a DNeasy Tissue Kit (QIAGEN, Valencia, CA). All the cod-
ing exons of the OGG1, MYH, NEIL1, andMTH1 genes and
their boundary regions were amplified by PCR with HotStar-
Taq DNA polymerase (QIAGEN, Valencia, CA). Informa-
tion on the OGG1, MYH, NEIL1 and MTH1 PCR primers
is summarized in table 1. The PCR primers were designed
so that the PCR products would be no longer than 320 bp.
The PCR products were directly sequenced with a BigDye
Terminator Cycle Sequencing Kit and the ABI 3100 Genetic
Analyzer (Applied Biosystems, Tokyo, Japan).

Statistical Analysis

Linkage disequilibrium was measured by Lewontin’s D′,
which is calculated by using SNPAlyze version 3.2 software
(Dynacom, Yokohama, Japan).

Table 1. Primers used for PCR amplification of OGG1, MYH, NEIL1 and MTH1 exons.

Gene Exon Forward sequence (5′ → 3′)a Reverse sequence (5′ → 3′)a Size (bp)

OGG1 1 (c.1-99) cttaagggtcgtggtccttg (c.137+33) gaggggacaggcttctcag 268
OGG1 2 (c.138-26) agggttgtcatgtgccttg (c.385+44) cttatgtccaagaaccctaaccc 317
OGG1 3 (c.386-41) cagcaggtacctctcctaccc (c.565+55) gaacagatcttgaaagctgatgg 275
OGG1 4 (c.566-43) cttgaagatgcctgatgcttg (c.747+35) gtagagagggcagctcctacc 259
OGG1 5 (c.748-69) gggctataagcaagatgctgg (c.898+55) gagaagtttctaccatcccagc 274
OGG1 6 (c.899-79) cacctctccctcagaccctac (c.948+35) gaggaaacctagggaggacac 163
OGG1 7 (c.948+197) ctgaccccagtgtaccctc (c.948+364) tggggaatttctttgtccag 167
OGG1 8-1 (c.949-51) cttgtgcaggacagcaatctc (c.1275-148) ggtccagcagtggtcacacg 230
OGG1 8-2 (c.949+123) agcttccctccagcctctc (c.1275+41) ctccaggcttacatcctaccag 243
MYH 1a (c.1-45) gaagctgcgggagctgaaac (c.36+79) cggcgacccgacggcgagac 159
MYH 1b (c.36+143) aattgcctattggcctgtgc (c.36+362) ttctctggaaagcccaaacc 219
MYH 2 (c.37-47) ttggcctcattgtgactgac (c.157+25) cttgggccacaacctagttc 192
MYH 3 (c.158-11) agcctgtgcagggatgattg (c.339+29) cccactgtccctgctcctc 221
MYH 4 (c.340-30) ctaactcctcatctggggttgc (c.379+93) gaggacactgctgacctgcc 162
MYH 5 (c.380-34) cagcagtgtcctcatgcca (c.453+55) gaggctctcatctggggtctg 162
MYH 6 (c.454-44) cttcacccttgaccttgtctc (c.495+70) cagaggtcaaagagatcaccc 155
MYH 7 (c.496-34) gggtgatctctttgacctctg (c.567+78) cacctgattggagtgcaagac 183
MYH 8 (c.568-57) ggtaggaacccaggagtcttg (c.681+70) caaagagttagcctgggctg 240
MYH 9 (c.682-36) ccagcccaggctaactctttg (c.779+40) cagacacccctgaagcacc 169
MYH 10 (c.780-43) ctgcaaaggagctctgcttc (c.924+41) ctccttaggacttctcactgcc 228
MYH 11 (c.925-29) cctatgacactcaaccctgtgc (c.988+51) cttctgactgggccaggaag 143
MYH 12 (c.989-33) gcttgagtagggttcgggg (c.1177+41) gttactcatgccactgccctc 262
MYH 13 (c.1178-52) gagggaatcggcagctgag (c.1314+32) caacatccttggctattccgc 220
MYH 14 (c.1315-29) ctatttgaaccccttgaccc (c.1467+106) ctccgtctcaaaaaaaaatgc 287
MYH 15 (c.1468-39) aaaaagtgccagccctcacc (c.1509+54) acctatggactcaggcctgg 134
MYH 16 (c.1510-41) tcccccaactacaaggcctc (c.1641+33) aggattctcagggaatgggg 205
NEIL1 1-1 (c.1-79) agccgctacctcacaaagtc (c.1+148) gaagctgagatgcggtagg 228
NEIL1 1-2 (c.1+101) caaccctgaggtgccctttg (c.434-106) gtccacgaaacatagggcgag 247
NEIL1 1-3 (c.434-143) ccacctgcgcttttacacg (c.434+78) cttgttggccaagaaggcac 222
NEIL1 2 (c.435-25) acgcacccagaccgtgttc (c.554+78) ggcaagccatgctaggcag 223
NEIL1 3 (c.555-45) cacattccccactgcctagc (c.618+30) cacgtgtgctccatccctc 139
NEIL1 4 (c.619-50) ctttacatggccctgctgac (c.718+40) catttgctgaagcagaggttg 190
NEIL1 5 (c.719-109) tcagtccatcagcttgtgtag (c.846+32) ggtctctgcctgtgtgaac 269
NEIL1 6 (c.847-72) cctgcctctccaaggaatac (c.874+52) aggcgtgaagtcctttctg 152
NEIL1 7 (c.875-32) gaccctccaactccaacacc (c.936+113) gaggttggttagggcccac 207
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Table 1 (contd.)
Gene Exon Forward sequence (5′ → 3′)a Reverse sequence (5′ → 3′)a Size (bp)

NEIL1 8 (c.937-66) tgaactgctttctgagcccc (c.1102+61) ccaccatcccatcctctcc 270
NEIL1 9 (c.1103-46) cagcccctggagtcttagc (c.1173+93) accttcagatattgcctgctc 210
MTH1 2 (c.1-47) ggagcaatcagatcacacg (c.57+74) gaaccatgagtttggcagg 177
MTH1 3 (c.58-39) cacgtcatggctgactctg (c.221+41) tgggaaagccggttctatg 243
MTH1 4 (c.222-72) tcctccctgccatcgtgtg (c.367+43) gacccgcatagtggggagg 260
MTH1 5 (c.368-29) cagtgcctcctcttccccc (c.540+75) aatgcccccaggtgaagatg 277

aThe positions of 5′ end of primers are indicated by the number of nucleotides upstream (−) or down-
stream (+) from the nearest coding region. The reference sequences of the coding regions for the OGG1,
MYH, NEIL1, andMTH1 genes are CCDS ID CCDS2576.1, CCDS520.1, CCDS10278.1 and CCDS5329.1,
respectively.

Table 2. The OGG1, MYH, and MTH1 SNPs detected in 23 gastric cancer patients exhibiting both
8-OHdG accumulation and mild or no inflammatory cell infiltrate in unaffected gastric mucosa.

Cases with alleles Cases with alleles
heterozygous for the homozygous for the

Gene Nucleotide changea Predicted effect variant type (%) variant type (%)

OGG1 c.-24A>G Unknown 2/23 (8.7%) 0/23 (0%)
OGG1 c.751-15C>G Unknown 10/23 (43.5%) 7/23 (30.4%)
OGG1 c.977C>G p.Ser326Cys 13/23 (56.5%) 4/23 (17.4%)
MYH c.36+267C>T Unknown 1/23 (4.3%) 0/23 (0%)
MYH c.462+35G>A Unknown 7/23 (30.4%) 0/23 (0%)
MYH c.972G>C p.Gln324His 12/23 (52.2%) 5/23 (21.7%)
MTH1 c.-1598T>Cb p.X14ArgextX185c 6/23 (26.1%) 0/23 (0%)
MTH1 c.247G>Ab p.Val83Met 5/23 (21.7%) 0/23 (0%)
MTH1 c.357C>T p.Asp119Asp 1/23 (4.3%) 0/23 (0%)
MTH1 c. ∗49C>T Unknown 1/23 (4.3%) 0/23 (0%)
aNucleotide +1 is the A of the ATG-translation initiation codon. The reference sequences for the
OGG1, MYH, and MTH1 genes are accession number NM 002542, NT 32977.8, and NM 002452,
respectively.
bLinkage disequilibrium parameter, D′ = 1.00.
cThis SNP leads to the production of isoform-p26, which is not expressed in the wild-type (c.-1598T).
However, the SNP does not affect isoform-p18, a major form of MTH1.

Results

To extract gastric cancer cases that might have mutations in
8-OHdG repair genes, we selected cases exhibiting both high
8-OHdG accumulation and low inflammatory cell infiltrate
in their stomach. Noncancerous gastric antral tissue from
231 gastric cancer patients was evaluated histopathologically
(figure 1,b&e) and the 77 cases with mild or no neutrophil,
and mononuclear cell infiltration were selected. Further, the
antral tissue from these 77 cases was evaluated immunohis-
tochemically (figure 1,c,d&f), and the 23 cases with intense
or very intense 8-OHdG immunoreactivity were selected
(figure 1,c&d: a representative case). 8-OHdG was found
to have accumulated predominantly in the nuclei of
gastric mucosal epithelial cells, as reported previously
(Toyokuni et al. 1997).

We examined the 23 gastric cancer patients selected
for mutations and genetic polymorphisms of the 8-OHdG

repair genes OGG1, MYH, NEIL1, and MTH1. Although
no mutations resulting in a premature stop codon were de-
tected in any of these genes, three SNPs were detected in
OGG1 (c.-24A >G, c.751-15C >G, and c.977C >G), three
in MYH (c.36+267C >T, c.462+35G >A, and c.972G >C),
and four in MTH1 (c.-1598T >C, c.247G >A, c.357C >T,
and c. ∗49C>T), but none were detected in NEIL1 (table 2).
OGG1-c.977C>G, MYH-c.972G>C, and MTH1-c.247G>A
were associated with amino acid exchange of p.Ser326Cys,
p.Gln324His, and p.Val83Met, respectively. Both the
c.-1598T>C SNP and c.247G>A SNP in the MTH1 gene
were found to be in linkage disequilibrium (D′ = 1.00). One
of the SNPs detected, c.36+267C>T in the MYH gene, was
a novel variant.

Discussion
Three SNPs associated with an amino acid ex-

change (OGG1-Ser326Cys, MTH1-Val83Met and MYH-

184 Journal of Genetics, Vol. 87, No. 2, August 2008



Mutational analysis of 8-OHdG repair genes in gastric cancer patient

Gln324His) were detected in this study. Functional dif-
ferences in the Ser326Cys polymorphic proteins of OGG1
have been investigated by several groups. The 8-OHdG re-
pair activity of OGG1-Ser326 has been shown to be greater
than that of OGG1-Cys326 in complementation assay of an
E. coli mutant defective in 8-OHdG repair (Kohno et al.
1998), a supF forward mutation assay employing an 8-OHG-
containing plasmid in human cells (Yamane et al. 2004),
and a cleavage assay for 8-OHG containing duplex DNA
(Hill and Evans 2006). In addition, dynamic relocaliza-
tion of OGG1-Cys326 during the cell cycle has been found
to be disrupted in human cells (Luna et al. 2005), and the
Cys326 SNP has been shown to be associated with an in-
creased risk of various human cancers, including gastric can-
cer (Sugimura et al. 1999; Chen et al. 2003; Tsukino et al.
2004). These findings suggest that the OGG1-Ser326Cys
SNP contributed to the 8-OHdG accumulation in the gas-
tric cancer cases selected for this study. The Met83 of the
MTH1 gene has been shown to be more frequent in gas-
tric cancer patients than in healthy controls (Kimura et al.
2004), and recombinant Met83 protein has been reported
to be more heat labile than Val83 protein in terms of both
structure and catalytic function (Yakushiji et al. 1997).
However, it is unknown whether the difference in heat la-
bility is associated with any difference in 8-OH-dGTP hy-
drolysing activity under physiological conditions. In this
studyMTH1-c.247G>A (Val83Met) showed linkage disequi-
librium with MTH1-c.-1598T>C. MTH1-c.-1598T>C SNP
(GT/GC) is located at the beginning of an alternative exon
2c and it modifies the patterns of alternative splicing (Oda et
al. 1997). Alternative translation initiation occurs on MTH1
transcripts, in theMTH1-c.-1598C allele, resulting in the pro-
duction of MTH1-isoform p26, a protein that possesses a
functional mitochondrial targeting signal (Nakabeppu 2001).
Although no explanation for the association between Val83
and gastric cancer has been proposed, the association
suggests that the Val83 allele may be related to 8-OHdG
accumulation in gastric-mucosal cells. No clear difference
between the repair activity of MYH-Gln324His SNP and
wild-type was found (Shinmura et al. 2000), suggesting that
the Gln324His SNP does not contribute to 8-OHdG accumu-
lation.

A novel variant ofMYH-c.36+267C>T was found in this
study, but it is unlikely to affectMYH expression, because the
SNP site is not located on a putative transcription factor bind-
ing sequence based on an analysis with Genomatix software
(http://www.genomatix.de/matinspector.html). However, in-
terestingly, c.36+267C>T contains a consensus sequence for
a GAGA box in an orientation opposite to that of the MYH
sequence. The MYH gene lies immediately adjacent to the
TOE1 gene in a 5′-to-5′ orientation, andMYH-c.36+267C>T
is located 301 bp upstream of the initiation codon of the
TOE1 gene. TOE1 is an Egr1 target gene and has been char-
acterized as a cell growth inhibitor by altering the cell cycle
through induction of p21 (De Belle et al. 2003). Thus, this

SNP may be associated with differential TOE1 expression
level.

In conclusion, two SNPs, OGG1-c.977C>G (p.Ser326
Cys) and MTH1-c.247G>A (p.Val83Met), may be the cause
of 8-OHdG accumulation in the gastric mucosa.

Acknowledgements

This work was supported in part by a Grant-in-Aid from the Min-
istry of Health, Labour and Welfare for the Comprehensive 10-
Year Strategy for Cancer Control (19-19), by a Grant-in-Aid from
Japan Society for the Promotion of Science for Scientific Research
(19790286), by a Grant-in-Aid from the Ministry of Education, Cul-
ture, Sports, Science and Technology of Japan on Priority Area
(18014009) and the 21st century COE programme ‘Medical Pho-
tonics’. GM and HY are COE research assistants at Hamamatsu
University School of Medicine.

References
Chen L., Elahi A., Pow-Sang J., Lazarus P. and Park J. 2003 Associ-

ation between polymorphism of human oxoguanine glycosylase
1 and risk of prostate cancer. J. Urol. 170, 2471–2474.

De Belle I., Wu J. X., Sperandio S., Mercola D. and Adamson E.
D. 2003 In vivo cloning and characterization of a new growth
suppressor protein TOE1 as a direct target gene of Egr1. J. Biol.
Chem. 278, 14306–14312.

Dixon M. F., Genta R. M., Yardley J. H. and Correa P. 1996 Classi-
fication and grading of gastritis: the updated sydney system. (In-
ternational workshop on the histopathology of gastritis, Houston
1994). Am. J. Surg. Pathol. 20, 1161–1181.

Ernst P. 1999 Review article: the role of inflammation in the patho-
genesis of gastric cancer. Aliment. Pharmacol. Ther. 13, suppl.
1, 13–18.

Farinati F., Cardin R., Degan P., Rugge M., Mario F. D., Bonvicini
P. and Naccarato R. 1998 Oxidative DNA damage accumulation
in gastric carcinogenesis. Gut 42, 351–356.

Hill J. W. and Evans M. K. 2006 Dimerization and opposite base-
dependent catalytic impairment of polymorphic S326C OGG1
glycosylase. Nucleic Acids Res. 34, 1620–1632.

Kimura Y., Oda S., Egashira A., Kakeji Y., Baba H., Nakabeppu Y.
and Maehara Y. 2004 A variant form of hMTH1, a human homo-
logue of the E. coli mutT gene, correlates with somatic mutation
in the p53 tumour suppressor gene in gastric cancer patients. J.
Med. Genet. 41, 57.

Kohno T., Shinmura K., Tosaka M., Tani M., Kim S. R., Sug-
imura H., Nohmi T., Kasai H. and Yokota J. 1998 Genetic poly-
morphisms and alternative splicing of the hOGG1 gene, that is
involved in the repair of 8-hydroxyguanine in damaged DNA.
Oncogene 16, 3219–3225.

Luna L., Rolseth V., Hildrestrand G. A., Otterlei M., Dantzer
F., Bjoras M. and Seeberg E. 2005 Dynamic relocalization of
hOGG1 during the cell cycle is disrupted in cells harbouring
the hOGG1-Cys326 polymorphic variant. Nucleic Acids Res. 33,
1813–1824.

Maki H. and Sekiguchi M. 1992 MutT protein specifically hydroly-
ses a potent mutagenic substrate for DNA synthesis. Nature 355,
273–275.

Nakabeppu Y. 2001 Regulation of intracellular localization of hu-
man MTH1, OGG1, and MYH proteins for repair of oxidative
DNA damage. Prog. Nucleic Acid Res. Mol. Biol. 68, 75–94.

Journal of Genetics, Vol. 87, No. 2, August 2008 185



Masanori Goto et al.

Oda H., Nakabeppu Y., Furuichi M. and Sekiguchi M. 1997 Regu-
lation of expression of the human MTH1 gene encoding 8-oxo-
dGTPase. Alternative splicing of transcription products. J. Biol.
Chem. 272, 17843–17850.

Shibutani S., Takeshita M. and Grollman A. P. 1991 Insertion of
specific bases during DNA synthesis past the oxidation-damaged
base 8-oxodG. Nature 349, 431–434.

Shinmura K., Yamaguchi S., Saitoh T., Takeuchi-Sasaki M., Kim S.
R., Nohmi T. and Yokota J. 2000 Adenine excisional repair func-
tion of MYH protein on the adenine:8-hydroxyguanine base pair
in double-stranded DNA. Nucleic Acids Res. 28, 4912–4918.

Sugimura H., Kohno T., Wakai K., Nagura K., Genka K., Igarashi
H. et al. 1999 hOGG1 Ser326Cys polymorphism and lung cancer
susceptibility. Cancer Epidemiol. Biomarkers Prev. 8, 669–674.

Toyokuni S., Tanaka T., Hattori Y., Nishiyama Y., Yoshida A.,
Uchida K. et al. 1997 Quantitative immunohistochemical deter-
mination of 8-hydroxy-2′-deoxyguanosine by a monoclonal an-

tibody N45.1: its application to ferric nitrilotriacetate-induced
renal carcinogenesis model. Lab. Invest. 76, 365–374.

Tredaniel J., Boffetta P., Buiatti E., Saracci R. A. and Hirsch A.
1997 Tobacco smoking and gastric cancer: review and meta-
analysis. Int. J. Cancer 72, 565–573.

Tsukino H., Hanaoka T., Otani T., Iwasaki M., Kobayashi M.,
Hara M. et al. 2004 hOGG1 Ser326Cys polymorphism, inter-
action with environmental exposures, and gastric cancer risk in
Japanese populations. Cancer Sci. 95, 977–983.

Yakushiji H., Maraboeuf F., Takahashi M., Deng Z. S., Kawabata S.,
Nakabeppu Y. and Sekiguchi M. 1997 Biochemical and physico-
chemical characterization of normal and variant forms of human
MTH1 protein with antimutagenic activity. Mut. Res. 384, 181–
194.

Yamane A., Kohno T., Ito K., Sunaga N., Aoki K., Yoshimura K.
et al. 2004 Differential ability of polymorphic OGG1 proteins
to suppress mutagenesis induced by 8-hydroxyguanine in human
cell in vivo. Carcinogenesis 25, 1689–1694.

Received 27 August 2007, in revised form 15 February 2008; accepted 18 February 2008
Published on the Web: 5 June 2008

186 Journal of Genetics, Vol. 87, No. 2, August 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


