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Background: Polymorphisms in the human oxoguanine glycosylase 1 (hOGG1)
and X-ray repair cross-complementing 1 (XRCC1) genes have been extensively
studied in the association with various human cancers such as endometrial cancer. 
Material and methods: The genotype analysis of hOGG1 Ser326Cys and XRCC1
Arg399Gln gene polymorphisms for 150 endometrial cancer patients and 150
controls of cancer-free subjects, in the Polish population, were performed using
PCR-based restriction fragment length polymorphism (PCR-RFLP). 
Results: Although there were no significant (p > 0.05) differences in the fre-
quencies of genotypes or alleles of hOGG1 genes between patients and controls,
the frequency of the XRCC1 399Gln allele was significantly greater in endometri-
al cancer patients compared with controls (p = 0.033) with an odds ratio of 1.39
(95% confidence interval 0.99 to 1.95). The distributions of genotypes and alleles
of the genes hOGG1 and XRCC1 were not significantly associated with different
grades of endometrial cancer (p > 0.05).
Conclusion: In conclusion, these findings indicated that XRCC1 Arg399Gln
polymorphism may be a genetic determinant for developing endometrial cancer.
The hOGG1 Ser326Cys may not play an important role in susceptibility to
endometrial cancer in Polish women.
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Introduction

Endometrial cancer is one of the most common malig-
nant neoplasms which appear in the uterine body. About
80% of cases are diagnosed after menopause. The high-
est incidence, estimated at 57-58 years, is moving to the
6th and 7th decade of life at present. Endometrial cancer
is the fourth most common female carcinoma [1, 2].

Endometrial cancer oncogenesis is not a fully rec-
ognized process regarding many risk factors. Neo-
plasm genesis is a multi-stage process. Carcinogenic

factors influencing our organism mostly do not cause
neoplasm development directly, but they induce
genesis of endogenous intermediates, for example
reactive oxygen intermediates (ROI) or substances
oxidized by ROI. These substances may damage the
DNA structure and cause point or chromosomal
mutations. Some of these mutations lead to cell neo-
plastic transformation and in consequence to neo-
plasm development. At each of these stages there are
actions of some endogenous or exogenous anticar-
cinogenic factors (e.g. vitamins A, C, E, glutathione,
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enzymes acting as free radical scavengers, DNA self-
repairing structures).

For repair of oxidative DNA damage, human cells
are supported by five DNA repair systems: direct
reversal, mismatch repair, double-strand break
repair, nucleotide excision repair (NER) and base
excision repair (BER) [3]. 

The human oxoguanine glycosylase 1 (hOGG1)
and X-ray repair cross-complementing 1 (XRCC1)
genes are key genes in the BER pathway [3, 4]. All
oxidatively induced DNA lesions and single-strand
breaks are repaired via the BER pathway [4].
XRCC1 and hOGG1 can be involved in the repair of
DNA lesions, which are known to contribute to
endometrial cancer.

There have been some reports about the relation
between hOGG1 codon 326 and XRCC1 codon 399
polymorphisms and risk for several cancers [4-18]. 

The hOGG1 G>C transversion at position 1245 of
the hOGG1 gene producing a Ser → Cys substitution
at codon 326 (the Ser326Cys polymorphism) was
associated with the risk of lung [7, 8], gastric [9] and
larynx cancer [10]. On the other hand, hOGG1
326Cys allele plays a significant protective effect
against breast cancer in European women [11]. 

The amino acid replacement of XRCC1-399Arg
to Gln might lead to an increased risk of laryngeal,
prostate, pancreatic, lung, breast, and oral carcinoma
[12-18]. On the other hand, XRCC1 codon 399
polymorphism was reported to reduce the risk of
bladder cancer [19]. 

Little is known about hOGG1 and XRCC1 poly-
morphism in endometrial cancer risk. In the avail-
able literature not many researchers have investigat-
ed the association of hOGG1 and XRCC1
polymorphism and endometrial carcinoma [20-22]. 

Therefore, the aim of this study was to determine
the relationship between XRCC1 (Arg399Gln) and
hOGG1 (Ser326Cys) and endometrial cancer.

Material and methods

Endometrial cancer patients

150 patients with a histologically proven diagnosis of
endometrial cancer were included in the study. Table 1
shows characteristics of endometrial cancer subjects.
Tumour tissues were obtained from women with
endometrial carcinoma treated at the Department of
Surgical Gynaecology, Institute of Polish Mother’s
Memorial Hospital during 2004-2009. The endometri-
al cancer tissue samples were fixed routinely in formalin
and embedded in paraffin. All tumours were graded
according to the criteria of the International Federation
of Gynaecology and Obstetrics (FIGO). DNA from nor-
mal endometrial tissue (n = 150) served as a control. 

DNA isolation

Archival paraffin-embedded tumour sections on slides
were deparaffinized in xylene and rehydrated in ethanol
and distilled water. DNA was extracted from material
using commercially available QIAmp DNA Mini Kit
(Qiagen GmbH, Hilden, Germany) DNA purification
kit according to the manufacturer’s instructions.

Determination of hOGG1 genotype

Polymorphism Ser326Cys of the hOGG1 gene
was determined by PCR-RFLP, using primers 
(5’-GGAAGGTGCTTGGGGAAT-3’ and 5’-ACT-
GTCACTAGTCTCACCAG-3’). The 25 μl PCR
mixture contained about 100 ng of DNA, 12.5 pmol
of each primer, 0.2 mmol/l of dNTPs, 2 mmol/l of
MgCl2 and 1 U of Taq DNA polymerase. PCR prod-
ucts were electrophoresed in a 7% polyacrylamide
gel (PAGE) and visualised by ethidium bromide
staining. Only one 100-bp fragment was seen in
subjects with the Cys/Cys genotype. In subjects with
the Ser/Cys genotype, two bands of 100 and 200 bp
were seen, whereas in those subjects homozygous for
the Ser variant (Ser/Ser), only one 200-bp PCR frag-
ment is seen. All PCR was carried out in a DNA
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Table I. Characteristics of endometrial cancer (n = 150)
patients 

CHARACTERISTICS NUMBER OF CASES

Age (years)
Median 64
Range 52-83

BMI (body mass index) (kg/m2) 
<24.9 32 (21%)
25-29.9 46 (31%)
>30 72 (48%)

Number of pregnancies
1 48 (32%)
2-3 102 (68%)
> 4 0

Use of hormone replacement therapy (HRT)
Yes 96 (64%)
No 54 (36%)

Grading
G1 67 (45%)
G2 77 (51%)
G3 6 (4%)

Uterine bleeding
Yes 100 (67%)
No 50 (33%)

Endometrial transvaginal ultrasound (TVU)
>5 mm 115 (78%)

Diabetes mellitus
Yes 28 (19%)
No 122 (81%)

Hypertension
Yes 80 (54%)
No 70 (46%)
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Thermal Cycler (GeneAmp PCR System 2400;
Perkin-Elmer, Norwalk, CT, U.S.A.). After an initial
denaturation at 95°C for 5 min, 35 cycles of amplifi-
cation with denaturation at 95°C for 30 sec, anneal-
ing at 56°C for 30 sec, and extension at 72°C for 30
sec were performed, followed by a final extension
step of 7 min at 72°C. The PCR product was digest-
ed overnight with 1 U of SatI at 37°C.

Determination of XRCC1 genotype

Genotypic analyses of the XRCC1 gene were car-
ried out by multiplex PCR-RFLP, using primers for
codon 399 (5’-TTGTGCTTTCTCTGTGTCCA-3’
and 5’-TCCTCCAGCCTTTTCTGATA-3’), which
generate a fragment of 615 and 491 bp. Briefly, PCR
was performed in 25 μl reaction buffer containing
12.5 pmol of each primer, 0.2 mmol/l of dNTPs, 
3 mmol/l of MgCl2, about 100 ng of DNA and
1 U of Taq DNA polymerase. The PCR products
were digested overnight with 10 U of MspI at 37°C. 

For codon 399, the presence of two bands of 375
and 240 bp, respectively, identifies the wild-type
Arg allele, while the uncut 615 bp band identifies
the mutant Gln allele (indicative of the absence of
the MspI cutting site). 

Statistical analysis

For each polymorphism, deviation of the geno-
type frequencies in the controls from those expected
under Hardy-Weinberg equilibrium was assessed
using the standard χ2-test. Genotype frequencies in
cases and controls were compared by χ2-tests. The
genotypic-specific risks were estimated as odds ratios
(ORs) with associated 95% confidence intervals (CIs)
by unconditional logistic regression. P-values < 0.05
were considered to be significant.

Results 

To verify the association of risk and the genetic
change in the base excision repair (BER) pathway in
endometrial cancer development, the polymor-

phisms of XRCC1 and hOGG1 in patients and con-
trol groups were analysed. 

The results of the genotypes of XRCC1
(Arg399Gln) and hOGG1 (Ser326Cys) in the
endometrial cancer and control groups are shown in
Table II. It can be seen from the table that there
were significant differences (p < 0.05) between the
two investigated groups. The women with endome-
trial cancer showed an incidence of 52 and 48%,
respectively, for the Arg and Gln allele of the
XRCC1 gene, whereas the control group showed 65
and 34% for the same alleles. The frequencies of
XRCC1-399Gln allele in the case group were higher
than that of the control group (p < 0.05). The vari-
ant 399Gln allele was significantly increased in
endometrial cancer patients compared with the 
control group (OR = 1.39, 95% CI: 0.99-1.95; 
p = 0.033) (Table II).

We did not find any significant differences for
hOGG1 genotype frequencies in patients with cancer
and controls (Table III). Additionally, there were no
differences in the frequencies of alleles between both
distributions (p > 0.05). 

To understand whether the genetic polymor-
phisms of XRCC1 (Arg399Gln) and hOGG1
(Ser326Cys) increased the risk of endometrial cancer
development, the different genotypes and the
tumour grade evaluated according to FIGO criteria
were compared (Table III). 

The histological grade was evaluated in all cases
(n = 150). 67 cases were grade I, 77 cases were
grade II and 6 cases were grade III. Grade II and III
were grouped together for the purposes of statistical
analysis. 

There were no significant differences between dis-
tributions of XRCC1-Arg399Gln and hOGG1-
Ser326Cys genotypes in subgroups assigned to histo-
logical grades (p > 0.05) (Table IV).

No statistically significant differences were observed
in the alleles or in the genotype frequencies of the
XRCC1-Arg399Gln and hOGG1-Ser326Cys gene
polymorphisms between risk factors of endometrial
cancer such as body mass index (BMI), hormone
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Table II. Distribution of XRCC1 genotype frequencies in patients with endometrial cancer and control group

ENDOMETRIAL CANCER PATIENTS CONTROLS
(N = 150) (N = 150)

XRCC1-ARG399GLN NUMBER % NUMBER % OR (95% PU)A PB

Arg/Arg 41 27 64 43 0.64 (0.36-1.12) 0.158
Arg/Gln 73 49 68 45 1.07 (0.67-1.70) 0.8628
Gln/Gln 36 24 18 12 2.0 (0.93-4.29) 0.110
Arg 155 52 196 65 0.79 (0.58-1.07) 0.079
Gln 145 48 104 34 1.39 (0.99-1.95) 0.033

Data in boldface are statistically significant
ACrude odds ratio (OR), 95% CI = confidence interval at 95%, Bχ2
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replacement therapy (HRT), uterine bleeding,
endometrial transvaginal ultrasound, diabetes and
hypertension and the women with endometrial cancer.

Discussion

The present study examined whether polymor-
phism in XRCC1-Arg399Gln and hOGG1-Ser326Cys
gene is related to the development of endometrial can-
cer. In our present study, the polymorphism of X-ray
repair cross complementary 1 (XRCC1), a major gene
in the BER system, is associated with endometrial can-
cer, but the polymorphism of hOGG1 is not associated.

Although there are other SNPs in the XRCC1
gene, the three XRCC1 polymorphisms (Arg194Trp,
Arg280His and Arg399Gln) have been evaluated
as risk factors for cancers in a number of studies. 

It was suggested that SNPs in the XRCC1 gene
may alter the ability of XRCC1 to repair damaged
DNA, especially SNPs at codon 399.

The XRCC1-Arg399Gln gene polymorphism has
been studied as a risk factor for various cancers.
XRCC1-Arg399Gln has been associated with

increased risk for lung cancer [23, 24], head and
neck cancer [25] and possibly stomach cancer [26]. 

In contrast, no increased risk was observed for
bladder cancer [27], oesophageal cancer [28] and
non-melanoma skin cancer [29]. 

In breast cancer no association between the
XRCC1-399 Gln/Gln genotype and this carcinoma
was found [30]. However, other studies showed an
increased risk of breast cancer with this polymor-
phism [31-33].

In the literature little is known about XRCC1
Arg399Gln polymorphism in endometrial cancer risk. 

Only De Ruyck et al. showed that SNPs in
XRCC1 with a combination of different polymor-
phisms in DNA repair genes (XRCC3 and hOGG1)
is associated with an enhanced clinical radiosensitiv-
ity in endometrial cancer patients treated with late
radiotherapy (RT) [21].

In our work the 399Gln allele was associated with
an increased risk for the development of endometri-
al cancer compared with 399Arg. Our study demon-
strated that the 399Gln allele may be a risk factor
for this cancer in the Polish population. It is possible

ANNA ROMANOWICZ-MAKOWSKA, BEATA SMOLARZ, AMER HOULI, KRZYSZTOF SZYŁŁO

Table III. Distribution of hOGG1 genotype frequencies in patients with endometrial cancer and control group 

ENDOMETRIAL CANCER PATIENTS CONTROLS
(N = 150) (N = 150)

HOGG1-SER326CYS NUMBER % NUMBER % OR (95% PU)A PB

Ser/Ser 94 63 105 70 0.89 (0.67-1.19) 0.458
Ser/Cys 46 31 39 26 1.18 (0.87-1.62) 0.271
Cys/Cys 10 6 6 4 1.66 (0.82-3.38) 0.154
Ser 234 78 249 83 0.94 (0.79-1.12) 0.497
Cys 66 22 51 17 1.27 (0.99-1.66) 0.057

ACrude odds ratio (OR), 95% CI = confidence interval at 95%, Bχ2

Table IV. Dependency of the distribution of genotype frequencies on the tumour grade in patients with endometrial
cancer 

POLYMORPHISM GRADE I (%) GRADE II + III (%) OR (95% PU)A PB

(N = 67) (N = 83)

XRCC1-Arg399Gln 
Arg/Arg 17 (25) 32 (38) 0.48 (0.24-0.94) 0.051
Arg/Gln 37 (55) 35 (42) 1.34 (0.77-2.3) 0.292
Gln/Gln 13 (20) 16 (18) 2.04 (0.84-4.90) 0.113
Arg 71 (52) 99 (60) 0.87 (0.67-1.12) 0.296
Gln 63 (48) 67 (40) 1.19 (0.90-1.56) 0.204
hOGG1-Ser326Cys
Ser/Ser 41 (61) 53 (64) 0.93 (0.62-1.41) 0.751
Ser/Cys 22 (33) 24 (29) 1.12 (0.73-1.72) 0.596
Cys/Cys 4 (6) 6 (7) 1.14 (0.46-2.79) 0.777
Ser 104 (77) 130 (78) 0.96 (0.76-1.23) 0.791
Cys 30 (23) 36 (22) 1.12 (0.79-1.58) 0.497

ACrude odds ratio (OR), 95% CI = confidence interval at 95%, Bχ2
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that the presence of the 399Gln allele is in linkage
disequilibrium with another, so far unknown, muta-
tion located outside the coding region in the XRCC1
gene, which may be of importance for the XRCC1
concentration in plasma.

However, in our study we did not find any associ-
ation between hOGG1 gene Ser326Cys polymor-
phisms and endometrial carcinoma occurrence. This
is in line with the reports which indicate that the
amino acid replacement of hOGG1-326Ser to Cys
might lead to lack of association with risk of
endometrial carcinoma [21, 22]. Krupa et al. sug-
gested that the Ser326Cys polymorphism of the
hOGG1 gene might not be directly involved in the
development and/or progression of endometrial can-
cer in the Polish population; therefore, it may not be
useful as an independent marker of this disease [22].

Moreover, we did not find any association of the
SNPs in the patient group with cancer progression
assessed by BMI, number of pregnancies, HRT,
uterine bleeding, endometrial transvaginal ultra-
sound, diabetes and hypertension and the women
with endometrial cancer.

Our results show that the polymorphism of the
XRCC1 gene but not hOGG1 may be associated
with the occurrence of endometrial cancer in Poland. 

Therefore, we suggest that different DNA repair
systems may play different roles in endometrial car-
cinoma. These repair systems could be the basis of
future surveys. Further studies on the polymor-
phisms of other genes in NER, BER, or other DNA
repair systems are necessary for the detection of
a genetic predisposition to endometrial cancer for-
mation and for the investigation of the roles of NER,
BER, or other DNA repair genes in cancer forma-
tion. In conclusion, XRCC1 Arg399Glu is correlated
with endometrial carcinoma and might become
a potential marker for the prediction of endometrial
carcinoma susceptibility. It also provides valuable
insight into the pathogenesis of endometrial carcino-
ma.

References
1. Sorosky JI. Endometrial cancer. Obstet Gynecol 2008; 111:

436-447.
2. Wojciechowska U, Didkowska J, Zatoński W. Corpus uteri

cancer. In: Zatoński W (ed.). Cancer in Poland in 2006.
Department of Epidemiology and Cancer Prevention.
Warszawa 2008; 30-32.

3. Wood RD, Mitchell M, Sgouros J, Lindahl T. Human DNA
repair genes. Science 2001; 291: 1284-1289.

4. Sreeja L, Syamala VS, Syamala V, et al. Prognostic importance
of DNA repair gene polymorphisms of XRCC1 Arg399Gln
and XPD Lys751Gln in lung cancer patients from India. 
J Cancer Res Clin Oncol 2008; 134: 645-652.

5. Dufloth RM, Arruda A, Heinrich JK, et al. The investigation
of DNA repair polymorphisms with histopathological charac-
teristics and hormone receptors in a group of Brazilian women
with breast cancer. Genet Mol Res 2008; 7: 574-582.

6. Yen CY, Liu SY, Chen CH, et al. Combinational polymor-
phisms of four DNA repair genes XRCC1, XRCC2, XRCC3,
and XRCC4 and their association with oral cancer in Taiwan.
J Oral Pathol Med 2008; 37: 271-277.

7. 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.

8. Okasaka T, Matsuo K, Suzuki T, et al. hOGG1 Ser326Cys
polymorphism and risk of lung cancer by histological type. 
J Hum Genet 2009; 54: 739-745.

9. Canbay E, Agachan B, Gulluoglu M, et al. Possible associa-
tions of APE1 polymorphism with susceptibility and HOGG1
polymorphism with prognosis in gastric cancer. Anticancer
Res 2010; 30: 1359-1364.

10. Pawlowska E, Janik-Papis K, Rydzanicz M, et al. The Cys326
allele of the 8-oxoguanine DNA N-glycosylase 1 gene as
a risk factor in smoking- and drinking-associated larynx can-
cer. Tohoku J Exp Med 2009; 219: 269-275.

11. Yuan W, Xu L, Feng Y, et al. The hOGG1 Ser326Cys poly-
morphism and breast cancer risk: a meta-analysis. Breast Can-
cer Res Treat 2010; 122: 835-842.

12. Yang Y, Tian H, Zhang ZJ. Association of the XRCC1 and
hOGG1 polymorphisms with the risk of laryngeal carcinoma.
Zhonghua Yi Xue Yi Chuan Xue Za Zhi 2008; 25: 211-213.

13. Burri RJ, Stock RG, Cesaretti JA, et al. Association of single
nucleotide polymorphisms in SOD2, XRCC1 and XRCC3
with susceptibility for the development of adverse effects
resulting from radiotherapy for prostate cancer. Radiat Res
2008; 170: 49-59.

14. McWilliams RR, Bamlet WR, Cunningham JM, et al. Poly-
morphisms in DNA repair genes, smoking, and pancreatic
adenocarcinoma risk. Cancer Res 2008; 68: 4928-4935.

15. Wang Z, Xu B, Lin D, et al. XRCC1 polymorphisms and
severe toxicity in lung cancer patients treated with cisplatin-
based chemotherapy in Chinese population. Lung Cancer
2008; 62: 99-104.

16. Sreeja L, Syamala VS, Syamala V, et al. Prognostic importance
of DNA repair gene polymorphisms of XRCC1 Arg399Gln
and XPD Lys751Gln in lung cancer patients from India. 
J Cancer Res Clin Oncol 2008; 134: 645-652.

17. Dufloth RM, Arruda A, Heinrich JK, et al. The investigation
of DNA repair polymorphisms with histopathological charac-
teristics and hormone receptors in a group of Brazilian women
with breast cancer. Genet Mol Res 2008; 7: 574-582.

18. Yen CY, Liu SY, Chen CH, et al. Combinational polymor-
phisms of four DNA repair genes XRCC1, XRCC2, XRCC3,
and XRCC4 and their association with oral cancer in Taiwan.
J Oral Pathol Med 2008; 37: 271-277.

19. Shen M, Hung RJ, Brennan P, et al. Polymorphisms of the
DNA repair genes XRCC1, XRCC3, XPD, interaction with
environmental exposures, and bladder cancer risk in a case-
control study in northern Italy. Cancer Epidemiol Biomarkers
Prev 2003; 12: 1234-1240.

20. De Ruyck K, Wilding CS, Van Eijkeren M, et al. Microsatel-
lite polymorphisms in DNA repair genes XRCC1, XRCC3
and XRCC5 in patients with gynecological tumors: associa-
tion with late clinical radiosensitivity and cancer incidence.
Radiat Res 2005; 164: 237-244.

21. De Ruyck K, Van Eijkeren M, Claes K, et al. Radiation-
induced damage to normal tissues after radiotherapy in
patients treated for gynecologic tumors: association with single
nucleotide polymorphisms in XRCC1, XRCC3, and OGG1
genes and in vitro chromosomal radiosensitivity in lympho-
cytes. Int J Radiat Oncol Biol Phys 2005; 62: 1140-1149.

22. Krupa R, Sobczuk A, Popławski T, et al. DNA damage and
repair in endometrial cancer in correlation with the hOGG1
and RAD51 genes polymorphism. Mol Biol Rep 2011; 
38: 1163-1170.

SINGLE NUCLEOTIDE POLYMORPHISM IN DNA BASE EXCISION REPAIR GENES XRCC1 AND HOGG1 AND THE RISK OF ENDOMETRIAL CARCINOMA

IN THE POLISH POPULATION



94

23. Divine KK, Gilliland FD, Crowell RE, et al. The XRCC1 399
glutamine allele is a risk factor for adenocarcinoma of the
lung. Mutat Res 2001; 461: 273-278.

24. Zhou W, Liu G, Miller DP, et al. Polymorphisms in the DNA
repair genes XRCC1 and ERCC2, smoking, and lung cancer
risk. Cancer Epidemiol Biomarkers Prev 2003; 12: 359-365.

25. Kowalski M, Przybylowska K, Rusin P, et al. Genetic poly-
morphisms in DNA base excision repair gene XRCC1 and the
risk of squamous cell carcinoma of the head and neck. J Exp
Clin Cancer Res 2009; 13: 28-37.

26. Shen H, Xu Y, Qian Y, et al. Polymorphisms of the DNA
repair gene XRCC1 and risk of gastric cancer in a Chinese
population. Int J Cancer 2000; 88: 601-606.

27. Stern MC, Umbach DM, Lunn RM, Taylor JA. DNA repair
gene XRCC1 polymorphisms, smoking, and bladder cancer
risk. Cancer Epidemiol. Biomarkers Prev 2001; 10: 125-131.

28. Lee SG, Kim B, Choi J, et al. Genetic polymorphisms of
XRCC1 and risk of gastric cancer. Cancer Lett 2002; 187: 53-
60.

29. Nelson HH, Kelsey KT, Mott LA, Karagas MR. The XRCC1
Arg399Gln polymorphism, sunburn, and non-melanoma skin
cancer: evidence of gene-environment interaction. Cancer Res
2002; 62: 152-155.

30. 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.

31. Figueiredo JC, Knight JA, Briollais L, et al. Polymorphisms
XRCC1-R399Q and XRCC3-T241M and the risk of breast
cancer at the Ontario site of the Breast Cancer Family Reg-
istry. Cancer Epidemiol Biomarkers Prev 2004; 13: 583-591.

32. Han J, Hankinson SE, Ranu H, et al. Polymorphisms in DNA
double-strand break repair genes and breast cancer risk in the
Nurses’ Health Study. Carcinogenesis 2004; 25: 189-195.

33. Han J, Hankinson SE, Zhang SM, et al. Interaction between
genetic variations in DNA repair genes and plasma folate on
breast cancer risk. Cancer Epidemiol Biomarkers Prev 2004;
13: 520-524.

Address for correspondence
Beata Smolarz
Laboratory of Molecular Genetics, 
Department of Pathology, 
Institute of Polish Mother’s Memorial Hospital, 
Rzgowska 281/289, 
93-338 Łódź, Poland 
tel. +48 42 271 20 71
e-mail: smolbea@wp.pl

ANNA ROMANOWICZ-MAKOWSKA, BEATA SMOLARZ, AMER HOULI, KRZYSZTOF SZYŁŁO



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


