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ABSTRACT

INTRODUCTION  Elevated oxidative stress in type 2 diabetic patients leads to the accumulation of
DNA damage and possibly acceleration of diabetic complications. Numerous studies indicate that
diabetic patients may display impaired DNA repair compared to healthy subjects.

0BJECTIVES The aim of the study was to compare the distribution of genotypes of DNA repair genes
between type 2 diabetic patients and non-diabetic subjects.

PATIENTS AND METHODS ~ Polymerase chain reaction-based restriction fragment length polymorphism
was used to determine the distribution of genotypes and frequency of alleles of polymorphisms of
base excision repair genes, including the Arg399GIn polymorphism of the XRCC7 gene and Ser-
326Cys in the hOGG1 gene. The study population included 195 subjects, including 94 with type 2
diabetes mellitus and 101 with normal glucose metabolism. All study participants were Caucasian
and inhabited the city of tédz, Poland.

RESULTS The frequency of the GIn allele in XRCCT gene (41% vs. 47%, odds ratio [OR] 0.80, Cl 0.54—
1.19) and Cys allele in hOGG1 gene (19% vs. 18%, OR 1.09, Cl 0.65-1.82) did not differ significantly
between diabetic patients and subjects with normal glucose metabolism. Linkage analysis revealed
that the Arg/GIn—Ser/Ser combination of genotypes of XRCC7 and hOGG1, respectively (not associated
with a decreased activity of both genes) occurs more commonly in type 2 diabetic patients.
concLusions The results of our study suggest no association between decreased activity of the

examined DNA repair genes and type 2 diabetes mellitus in the studied population.

INTRODUCTION  Chronic hyperglycemia in type
2 diabetes mellitus leads to elevated oxidative
stress.! As a consequence, the accumulation of
reactive oxygen species (ROS) may cause addi-
tional damage to various biological macromol-
ecules, including DNA. The most often reported
nuclear and mitochondrial DNA damage in di-
abetic patients is 8-hydroxy-2’deoxyguanosine
(80HAG), which can be generated by hydroxyl
radicals, singlet oxygen, peroxyl radicals, per-
oxynitrate and peroxynitrite. ROS are also able
to produce various other DNA modifications, in-
cluding strand breaks.>*

Moreover, glucose at high levels may inhibit
the expression of the DNA repair enzyme XPD
induced by insulin.5 We have recently shown that

type 2 diabetes mellitus may be associated not
only with enhanced oxidative damage but also
with increased susceptibility to mutagens and
decreased efficacy of DNA repair.®

It is accepted that increased ROS generation
is an important factor underlying the develop-
ment of vascular complications in type 2 diabe-
tes, and possibly one of the factors responsible
for an increased incidence of cancer in this group
of patients.

Harmful consequences of DNA damage could
be prevented by efficient repair mechanisms. Ox-
idized DNA base lesions are removed by 2 types
of activity, namely, base excision repair (BER),
involving removal of single lesions by glycosy-
lase action and a more complex process involving
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TABLE 1 The antropometric data of type 2 diabetic patients and control individuals

Type 2 diabetic patients (n = 94)
BMI

Control individuals (n = 101)

Age Age BMI

Women 45 68.98+10.26 45, 32.99+5.90 20.76, 63  65.48+16.80 20, 30.50 +2.97 21,
61, 29.53, 60.5, 28.91,
70, 31.25, 13, 30.11,
15, 35.95, 76, 32.22,
98 58.02 85 35.65

Men 49  66.18+12.29 33, 30.23 +4.44  23.38, 48  57.73+16.96 38, 32.85+6.13 26.57,
56.5, 26.62, 44.5, 29.63,
68.5, 30.24, 56, 30.80,
76, 33, 65.5, 32.19,
85 97, 93 41.47

38.47

Abbreviatons: SD — standard deviation, BMI — body mass index

removal of a lesion-containing oligonucleotide,  gene in type 2 diabetic patients compared to pa-
nucleotide excision repair. The oxidative DNA  tients with normal glucose metabolism.
base modifications, typical of diabetes, are pri-
marily removed in the BER pathway. Therefore, = PATIENTS AND METHODS Study population The
we investigated whether polymorphic variants  study population comprised 195 unrelated adult
associated with a decreased activity of 2 genes  individuals, including 94 with type 2 diabetes
involved in BER, XRCC1 and hOGGI, occur more mellitus. Subjects with normal glucose meta-
frequently in type 2 diabetic patients. bolism and no family history of diabetes (n =
The XRCC1 gene is mapped at human chro-  101) served as the control group. The diagnosis
mosome 19q13.2-13.3.7 A decreased activity of  of type 2 diabetes mellitus was made at least 1
XRCC1 is associated with an increased sensitivity ~ year before entering the study upon World Health
to ionizing radiation, ultraviolet, hydrogen per- ~ Organization 1999 criteria.!” Participants of the
oxide, and mitomycin.® The XRCCI gene is direct-  study were recruited from patients admitted to
ly involved in the repair of single strand breaks ~ the Department of Internal Medicine, Diabe-
and damaged bases in DNA by the interaction  tology and Clinical Pharmacology of the Med-
with DNA polymerase f3, poly-ADP-ribose poly-  ical University of £6dz, Poland, between 2002
merase (PARP) and DNA ligase II1.° and 2004. All study participants were of Cauca-
By radiation hybrid panel mapping, hOGGlwas  sian origin and inhabited the city of £6dz, Po-
localized between WI-4179 and AFMA216ZGl at  land. The study was approved by the Ethic Com-
3p26, proximal to the VHL gene.'" The hOGGI  mittee of the Medical University of £6d% in ac-
gene encodes a DNA glycosylase, which repairs ~ cordance with the Declaration of Helsinki and
80OHAdG in double stranded DNA. The OGG1 pro-  each person gave written informed consent be-
tein removes 80OHdG from 80HdG:C base pairsby ~ fore start of the study.
DNA glycosylase activity and cleaves the 3™-side
of 80OHAG by its AP (apurinic/apirymidynic)  Determination of polymorphisms Genomic DNA
lyase activity.! A G/A transition in exon 10 of = was extracted from peripheral blood lymphocytes
the XRCCI gene (the Arg399GIn polymorphism) by the standard phenol-detergent method. The
was correlated with the occurrence of certain ~ PCR-restriction fragment length polymorphism
types of cancer.'?'* The Gln/Gln homozygote  method was used to detect the genotypes of the
of this polymorphism may be linked with a de-  Arg399Gln and Ser326Cys polymorphisms.'820
creased effectiveness of BER by an alterationin ~ The 20 ul aliquots of polymerase chain reactions
BRCT (BRCA1 carboxyl-terminal domain) do-  (PCR) contained 10 ng genomic DNA, 1,5 U Taq
main of the XRCCI. This results in reduced bind-  polymerase (InGen — TERPOL, Sieradz, Poland)
ing of the XRCC1 by PARP, leading to the accumu-  in 1 x PCR buffer (100 mM Tris-HCl, pH 8.3, 500
lation of DNA damage.'> A T/A transversionwas ~ mM KCl, 11 mM MgCl,, 0.1% gelatin), 1.5 mM
reported in the exon 7 of the hOGGI gene (the =~ MgCl,, 50 mM dNTPs and 250 nM each primer.
Ser326Cys polymorphism) and it was linked with ~ The PCR was carried out in the MJ Research, INC
the reduced activity of hOGGL."® Ethnic and inter- ~ thermal cycler, model PTC-100 (Waltham, MA,
individual differences in OGGI activity and sev- ~ USA). Thermal cycling conditions for the XRCC1
eral types of polymorphisms at the hOGGI gene  were: initial denaturation step for 3 minutes at
locus have been observed in the different popu-  95°C followed by 35 cycles composed of 20 sec-

lations studied. onds at 95°C, 20 seconds at 58°C annealing tem-
The aim of the study was to investigate the dis-  perature and 20 seconds at 72°C. The final exten-
tribution of genotypes and frequencies of alleles  sion step was performed at 72°C for 5 minutes.

of the DNA repair genes XRCCI and the hOGGI ~ For the hOGGI the initial denaturation step was
performed for 5 minutes at 95°C followed by 34
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TABLE 2 Distribution of genotypes, frequency of alleles and odds ratios of the Arg399GIn polymorphism of the XRCC1 gene in type 2 diabetic
patients and non-diabetic controls.

Genotype ~ Number  Frequency Number Frequency 95% CI  OR p corr x2 .power” 2
95% Cl 95% Cl two-sided  p two-sided
Arg/Arg 35 0.37 29 0.29 1.47 1.24 0.428
0.27-0.47 0.20-0.38 0.81-2.69 0.2246 0.2654
Arg/Gln 40 0.43 49 0.49 0.79 0.4779 0.653
0.33-0.53 0.39-0.58 0.45-1.36 0.4722 0.4892
GIn/Gln 19 0.2 23 0.23 0.86 0.067666
0.12-0.28 0.15-0.31 0.43-1.70 0.7288 0.7948 0.493
Arg 110 0.59 107 0.53 1.105 0.996923
0.51-0.66 0.46-0.60 0.84-1.87 0.3079 0.3181 0.527
Gin 78 0.41 95 0.47 0.88 0.996923
0.34-0.49 0.40-0.54 0.54-1.19 0.3079 0.3181 0.527

Abbreviations: OR — odds ratio

a The so-called post hoc “retrospective statistical power” was computed based on the observed effect size and sample size (using real sample
size, significance and x? statistics)
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cycles of 30 seconds at 95°C, 30 seconds at the
57°C annealing temperature, 60 seconds at 72°C
for and the final extension for 7 minutes at 72°C.
The XRCC1-Arg399GIn polymorphism was deter-
mined using the following primers (TIB MOLBI-
OL, Poznan, Poland) - sense: 5’-CAA GTA CAG
CCA GGT CCT AG-3’, antisense: 5-CCT TCC CTC
ATC TGG AGT AC-3'. The 248 base pairs (bp) PCR
product was for 16 hours with 5 U of the restric-
tion enzyme Ncil. The Arg allele was digested into
89 and 159 bp fragments and the Gln allele re-
mained intact. The hOGGI-Ser326Cys polymor-
phism was determined using following primers
(EUROGENTEC, Seraing, Belgium) — sense: 5'-
GGA AGG TGC TTG GGG AAT-3’, antisense: 5'-
ACT GTC ACT AGT CTC ACC AG-3. The 200 bp
PCR product was digested for 16 hours with 4
U of the restriction enzyme Fnu4HI. The Cys/
Cys homozygotes gave fragment length of 100
bp, heterozygotes — 200 bp and 100 bp, whereas
the Ser/Ser homozygotes — 200 bp. Restriction
fragments were analyzed on 8% acrylamide gel
stained with ethidium bromide.

Data analysis The statistical significance of the
differences of observed alleles and phenotypes
between groups was tested using the y” test. Po-
tential linkage between genotype and diabetes
was assessed by the logistic regression. A statis-
tical power of the results was also calculated. In
all tests p values of less than 0.05 were consid-
ered statistically significant. Analyses were per-
formed using the STATISTICA 6.0 package (Stat-
soft, Tulsa, OK, USA).

RESULTS The demographic characteristic did not
differ significantly between both groups (TABLE 1).
There were no significant differences in geno-
type distribution and allele frequencies of the
Arg399GIn polymorphisms in the XRCCI gene
(TABLE 2). Similarly, no significant differences were

found between genotype distribution and allele
frequencies of the Ser326Cys polymorphism in
the hOGGI gene (TABLE 3).

The Arg/Arg genotype associated with normal
activity of the XRCC1I gene occurred more com-
monly in type 2 diabetic patients (OR: 1.47, 95%
CI 0.81-2.69), although the difference was not
statistically significant.

Gene-gene interactions for both polymor-
phisms are shown in TABLE 4.

The linkage analysis revealed that the combina-
tion of Arg/Gln and Ser/Ser genotypes of the two
XRCC1 and hOGGI genes respectively occurred
more commonly in diabetic patients.

Additionally, the GIn/Gln-Cys/Cys combina-
tion of genotypes that usually correlated with
a decreased activity of both XRCCI and hOGGI
was absent in diabetic patients as opposed to
control subjects.

Genotype distributions in type 2 diabetes melli-
tus patients and those with normal glucose meta-
bolism were in Hardy-Weinberg equilibrium.

DISCUSSION  Given that inefficient DNA repair
processes may contribute to the development of
diabetic complications, the purpose of the pres-
ent study was to investigate the distribution of
polymorphisms of genotypes and frequencies of
alleles of 2 DNA repair genes in diabetic patients
compared to subjects with normal glucose meta-
bolism. We studied 2 relatively common polymor-
phisms such as XRCCI Arg399GIn and hOGGI Ser-
326Cys. To our knowledge, none of the previous
studies has evaluated an association between
polymorphisms of the DNA repair genes XRCC1
and hOGGI and type 2 diabetes.

Because the number of individuals, both pa-
tients and controls, enrolled in the present study
was limited, we estimated a statistical power of
the study. The obtained results are useful to de-
sign further studies in larger populations.
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TABLE 3 Distribution of genotypes, frequency of alleles and odds ratios of the Ser326Cys polymorphism of the hOGGT gene in type 2 diabetic
patients and non-diabetic controls.

Genotype  Number Frequency 95% CI  Number  Frequency 95% CI  OR p corr x2 .power"a
95% Cl two-sided p two-sided

Ser/Ser 59 0.63 66 0.65 0.89 0.079686

0.53-0.73 0.56-0.75 0.50-1.61 0.7649 0.77717 0.437
Ser/Cys 34 0.36 34 0.34 1.12 0.046949

0.26-0.46 0.24-0.43 0.62-2.01 0.7645 0.8285 0.437
Cys/Cys 1 0.01 1 0.01 1.08

-0.01-0.03 -0.01-0.03 0.07-17.44 >0.9999 >0.9999 N/E

Ser 152 0.81 166 0.82 0.92 0.042827

0.75-0.86 0.77-0.87 0.55-1.53 0.7944 0.8361 0.390-0.400
Cys 36 0.19 36 0.18 1.09 0.042827

0.14-0.25 0.13-0.23 0.65-1.82 0.7944 0.8361 0.390-0.400

Abbreviations: N/E — non estimated, OR — odds ratio

a The so-called post hoc “retrospective statistical power” was computed based on the observed effect size and sample size (using real sample
size, significance and chi square statistics)

In the subgroup of the Polish population, gen-
otype and allele frequencies obtained from dia-
betic patients did not differ significantly from
those found in control subjects with the XRCC1
Arg399GIn and the hOGGI Ser326Cys polymor-
phisms. However, these data indicated that in the
studied population the genotype and allele fre-
quencies of homozygous polymorphic variants of
XRCC1 differed from those obtained from other
Caucasian populations.'?1%-23 Compared to oth-
er populations the 1.5-2.0 fold higher frequency
of Arg/Arg genotype and the 1.5-2.0 fold lower
frequency of GIn/GIn genotype were observed. It
seems worth noting that the Arg/Arg genotype is
associated with normal function of the XRCC gene.
In case of hOGGI Ser326Cys polymorphism allele
frequencies did not differ from other Caucasian
populations, but they were 2 fold lower for Cys
allele than those in Hawaiian and Japanese pop-
ulations.?4-26 Additionally, in the examined pop-
ulation the GIn/Gln-Cys/Cys combination of gen-
otypes, which usually correlated with a decreased
activity of both XRCCI and hOGGI, was absent in
diabetic patients compared to control subjects. It
might be tempting to speculate that those poly-
morphic variants were abolished in the diabetic
population. However, a larger population would
be required to confirm this hypothesis.

As it was already mentioned the number of cas-
es in the current study was rather low. We decid-
ed to publish the results of this study, since they
may be helpful for other currently ongoing or
planned research. We would not have done so if
the results had been positive.

Cellular metabolism is a source of endogenous
ROS and accounts for the background level of ox-
idative DNA damage detected in normal tissues.
In diabetic patients, hyperglycemia is believed
to augment disproportionately free radical pro-
duction, due to the increased mitochondrial oxi-
dative metabolism that is secondary to the high

intracellular glucose level, autooxidation of glu-
cose and its metabolic intermediates, sorbitol
pathway activation, and oxidative degradation
of advanced glycation end-products.?’-29 It has
been shown that DNA damage in lymphocytes
and leucocytes can be used as a marker of oxida-
tive stress in diabetes.?30 It has been addition-
ally demonstrated that DNA damage was signif-
icantly higher in the poorly-controlled diabet-
ic patients compared to well-controlled subject,
regardless of sex.%!

In both type 1 and type 2 diabetes, the role
of free radicals in diabetic complications is rela-
tively well investigated. Abnormally high levels
of ROS in diabetic patients can alter the struc-
ture and function of various extra- and intracel-
lular components, including lipids, proteins and
DNA. DNA damage is regarded as an important
element of cellular dysfunction and death, and
is crucial in the pathogenesis of diabetic compli-
cations. It has been shown that ROS could pro-
mote DNA damage and both formation and pro-
gression of atherosclerotic plaques.’? One may as-
sume that the effective DNA repair system would
be able to reduce at least in part the risk arising
from DNA damage and inhibit the progression
of atherosclerosis in diabetic patients.

Whereas there is growing evidence for the in-
volvement of ROS in atherosclerotic plaque de-
velopment, the role of DNA damage and involve-
ment of DNA repair systems are less clear. There
are relatively few reports examining the relation-
ship between the efficacy of DNA repair systems
and metabolic and cardiovascular diseases. Exist-
ing evidence indirectly indicates the possibility
of such a relationship, since increased amounts
of 80HdG were found in diabetic subjects with
advanced carotid atherosclerosis.?® Elevated uri-
nary 80HdG and leukocyte DNA were also de-
tected in diabetic patients with hyperglycemia,
and the level of urinary 80HdG correlated with
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TABLE 4 Gene-gene interaction of the Arg399GIn polymorphism of the XBCC1 gene and Ser326Cys polymorphism of the hOGGT gene it type 2
diabetic patients and non-diabetic individuals

Genotype Number Frequency Number Frequency 95% CI OR p corr x2 .power” 2
95% Cl 95% Cl two-sided p two-sided
Arg/Arg— 24 0.26 15 0.15 1.97 2.835705
Ser/Ser 0.17-0.34 0.08-0.22 0.96-403  0.074 0.0922 0.475
Arg/Arg— 11 0.12 14 0.14 0.82 0.055849
Ser/Cys
0.05-0.18 0.07-0.21 0.35-1.92 0.6748 0.8132 0.412
Arg/Arg— 0 0 0 0 N/E
Cys/Cys
Arg/Gin— 22 0.23 39 0.39 0.48 4555788
Ser/Ser 0.15-0.32 0.29-0.48 0.26-0.91 0.0301 0.0328 0.531
Arg/Gin— 17 0.18 10 0.1 2.01 2.090698
Ser/Cys
0.10-0.26 0.04-0.16 0.87-4.64  0.1454 0.1482 0.478
Arg/GIn— 1 0.01 0 0 N/E
Cys/Cys
GIn/Gin— 13 0.14 12 0.12 1.19 0037001
Ser/Ser
0.07-0.21 0.06-0.18 0.51-2.76 0.8307 0.8475 0.494
GIn/GIn— 6 0.06 10 0.1 0.62 0.40112
Ser/Cys 0.01-0.11 0.04-0.16 0.22-1.78 0.4399 0.5265 0.492
GIn/GIn— 0 0 1 0,01 0
Cys/Cys ~0.01-0.2 0.5179 >0.9999

Abbreviations: N/E — non estimated, OR — odds ratio

a The so-called post hoc “retrospective statistical power” was computed based on the observed effect size and sample size (using real sample
size, significance and x? statistics)
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the severity of diabetic nephropathy and retinop-
athy.3* The study performed by Collins et al. on a
mixed European population revealed a strong as-
sociation between premature coronary heart dis-
ease in men and the lymphocyte 80OHdG level.?
On the other hand, Guven et al. did not find any
association between XRCCI Arg399GIn polymor-
phism and both the presence and severity of cor-
onary artery disease.®

Free radical-mediated DNA damage and im-
paired antioxidant defense have also been impli-
cated as contributors to the development of can-
cer. Recent evidence indicates that type 2 diabetes
is associated with increased incidence and mortal-
ity from a number of cancers, including those of
the colon, breast, endometrium, liver, bladder and
pancreas.’5-38 It is of interest that cancer and ath-
erosclerosis-related cardiovascular diseases often
share common pathogenic determinants, such as
DNA damage, oxidative stress and chronic inflam-
mation.?® This is in agreement with the results of
our previous study suggesting that type 2 diabe-
tes mellitus may be associated not only with the
elevated level of oxidative DNA damage, but also
with the increased susceptibility to mutagens and
the decreased efficacy of DNA repair.5

Taking into account the results of this study
and the previous work,® we conclude that the el-
evated level of oxidative DNA damage observed
in type 2 diabetic patients is not derived from
disturbed DNA repair processes associated with
the decreased activity of the examined DNA

repair genes — XRCC1 and hOGGI genes. How-
ever, further studies on larger populations are
required to determine the consistency of these
observations.
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land (N° 502-19-854 and 503-0077-9).

REFERENCES

1 Kuroki T, Isshiki K, King GL. Oxidative stress: the lead or supporting ac-
tor in the pathogenesis of diabetic complications. J Am Soc Nephrol. 2003;
14: $216-5220.

2 Collins AR, Gedik CM, Olmedilla B, et al. Oxidative DNA damage mea-
sured in human lymphocytes: large differences between sexes and be-
tween countries, and correlations with heart disease mortality. FASEB J.
1998; 12: 1397-1400.

3 Collins AR, Raslova K, Somorovska M, et al. DNA damage in diabetes:
correlation with a clinical marker. Free Radic Biol Med. 1998; 25: 373-377.

4 Dandona P, Thusu K, Cook S, et al. Oxidative damage to DNA in diabe-
tes mellitus. Lancet. 1996; 347: 444-445.

5 Merkel P, Khoury N, Bertolotto C, et al. Insulin and glucose regulate
the expression of the DNA repair enzyme XPD. Mol Cell Endocrinol. 2003;
201: 75-85.

6 Bfasiak J, Arabski M, Krupa R, et al. DNA damage and repair in type 2
diabetes mellitus. Mutat Res. 2004; 554: 297-304.

7 Mohrenweiser HW, Jones IM. Variation in DNA repair is a factor in can-
cer susceptibility: a paradigm for the promises and perils of individual and
population risk estimation? Mutat Res. 1998; 400: 15-24.

8 Thompson LH, West MG. XRCC1 keeps DNA from getting stranded. Mu-
tat Res. 2000; 459: 1-18.

9 Abdel-Rahman SZ, El-Zein RA. The 399GIn polymorphism in the DNA
repair gene XRCC1 modulates the genotoxic response induced in human
lymphocytes by tobacco-specific nitrosamine NNK. Cancer Lett. 2000;
159: 63-71.

10 Ishida T, Hippo Y, Nakahori Y, et al. Structure and chromosome loca-
tion of human 0GG1, Cytogenet Cell Genet. 1999; 85: 232-236.

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2009;119 (3)



11 Monden Y, Arai T, Asano M, et al. Human MMH (0GG1) type 1a pro-
tein is a major enzyme for repair of 8-hydroxyguanine lesions in human
cells. Biochem Biophys Res Commun. 1999; 258: 605-610.

12 Duell EJ, Millikan RC, Pittman GS, et al. Polymorphisms in the DNA
repair gene XRCC1 and breast cancer. Cancer Epidemiol Biomarkers Prev.
2001; 10: 217-222.

13 Figeueiredo JC, Knight JA, Briollais L, et al. Polymorphisms
XRCC1-R3990Q and XRCC3-T241M and the risk of breast cancer at the
Ontario site of the Breast Cancer Family Registry. Cancer Epidemiol
Biomarkers Prev. 2004; 13: 583-591.

14 Smith TR, Miller MS, Lohman K, et al. Polymorphisms of XRCC1 and
XRCC3 genes and susceptibility to breast cancer Cancer Lett. 2003; 190:
183-190.

15 Dulic A, Bates PA, Zhang X, et al. BRCT domain interactions in the
heterodimeric DNA repair protein XRCC1-DNA ligase lll. Biochemistry.
2001; 40: 5906-5913.

16 Kohno T, Shinmura K, Tosaka M, et al: Genetic polymorphisms and al-
ternative splicing of the hOGG1 gene, that is involved in the repair of 8-hy-
droxyguanine in damaged DNA. Oncogene. 1998; 16: 3219-3225.

17 World Health Organization Study Group. Definition, diagnosis and clas-
sification of diabetes mellitus and its complications. Part 1: Diagnosis and
classification of diabetes mellitus. Tech Rep Ser WHO/NCD/NCS/99, 2nd
ed. World Health Organization, Geneva, 1999.

18 Le Marchand L, Donlon T, Lum-Jones A, et al. Association of the
hOGG1 Ser326Cys polymorphism with lung cancer risk. Cancer Epidemiol
Biomarkers Prev. 2002; 11: 409-412.

19 Matullo G, Guarrera S, Carturan S, et al. DNA repair gene polymor-
phisms, bulky DNA adducts in white blood cells and bladder cancer in a
case-control study. Int J Cancer. 2001; 92: 562-567.

20 Matullo G, Palli D, Peluso M, et al. XRCC1, XRCC3, XPD gene polymor-
phisms, smoking and (32)P-DNA adducts in a sample of healthy subjects.
Carcinogenesis. 2001; 22: 1437-1445.

21 Lee JM, Lee YC, Yang SY, et al. Genetic polymorphisms of XRCC1 and
risk of the esophageal cancer. Int J Cancer. 2001; 95: 240-246.

22 Ratnasinghe D, Yao SX, Tangrea JA, et al. Polymorphisms of the DNA
repair gene XRCC1 and lung cancer risk. Cancer Epidemiol. Biomarkers
Prev. 2001; 10: 119-123.

23 Stern MC, Umbach DM, van Gils CH, et al. DNA repair gene XRCC1
polymorphisms, smoking and bladder cancer risk. Cancer Epidemiol Bio-
markers Prev. 2001; 10: 125-131.

24 Park J, Chen L, Tockman MS, et al. The human 8-oxoguanine DNA
N-glycosylase 1 (hOGG1) DNA repair enzyme and its association with lung
cancer risk. Pharmacogenetics. 2004; 14: 103-109.

25 Wikman H, Risch A, Klimek F, et al. hOGG1 polymorphism and loss of
heterozygosity (LOH): significance for lung cancer susceptibility in a Cau-
casian population. Int J Cancer. 2000; 88: 932-937.

26 Xu J, Zheng SL, Turner A, et al. Associations between hOGG1 se-
quence variants and prostate cancer susceptibility. Cancer Res. 2002; 62:
2253-2257.

27 Caimi G, Carollo C, Lo Presti R. Diabetes mellitus: oxidative stress and
wine. Curr Med Res Opin. 2003; 19: 581-586.

28 Dizdaroglu M, Dirksen ML, Jiang HX, et al. lonizing-radiation-in-
duced damage in the DNA of cultured human cells. Identification of 8,5-cy-
clo-2-deoxyguanosine. Biochem J. 1987: 241: 929-932.

29 Dizdaroglu M. Free-radical-induced formation of an 8,5-cy-
clo-2'deoxyguanosine moiety in deoxyribonucleic acid. Biochem J. 1986;
238: 247-254.

30 Pitozzi V, Giovannelli L, Bardini G, et al. Oxidative DNA damage in pe-
ripheral blood cells in type 2 diabetes mellitus: higher vulnerability of poly-
morphonuclear leukocytes. Mutat Res. 2003; 529: 129-133.

31 Dincer Y, Akcay T, Alademir Z, et al. Assessment of DNA base oxi-
dation and glutathione level in patients with type 2 diabetes. Mutat Res.
2002; 505: 75-81.

32 Nair J, De Flora S, lzzotti A, et al. Lipid peroxidation-derived ethe-
no-DNA adducts in human atherosclerotic lesions. Mutat Res. 2007; 121:
95-105.

33 Hayaishi-Okano R, Yamasaki Y, Kajimoto Y, et al. Association of
NAD(P)H oxidase p22 phox gene variation with advanced carotid athero-
sclerosis in Japanese type 2 diabetes. Diabetes Care. 2003; 26: 458-463.

34 Nishikawa T, Sasahara T, Kiritoshi S, et al. Evaluation of urinary 8-hy-
droxydeoxy-ganosine as a novel biomarker of macrovascular complications
in type 2 diabetes. Diabetes Care. 2003; 26: 1507-1512.

35 Guven M, Guven GS, Ozaydin A, et al. DNA repair gene XRCC1 and
XPD polymorphisms and their association with coronary artery disease
risks and micronucleus frequency. Heart Vessels. 2007; 22: 355-360.

36 Giovannucci E, Michaud D. The role of obesity and related meta-
bolic disturbances in cancers of the colon, prostate, and pancreas.
Gastroenterology. 2007; 132: 2208-2225.

37 Saydah SH, Loria CM, Eberhardt MS, et al. Abnormal glucose toler-
ance and the risk of cancer death in the United States. Am J Epidemiol.
2003; 157: 1092-1100.

38 Schiel R, Beltschikow W, Steiner T, et al. Diabetes, insulin, and risk of
cancer. Methods Find Exp Clin Pharmacol. 2006; 28: 69-175.

39 Andreassi MG, Botto N. DNA damage as a new emerging risk factor
in atherosclerosis. Trends Cardiovasc Med. 2003; 13: 270-275.

ORIGINAL ARTICLE Association between polymorphisms of the DNA repair genes. .. 127



