
RESEARCH ARTICLE

Single nucleotide polymorphisms (SNPs) of hOGG1 and XRCC1
DNA repair genes and the risk of ovarian cancer in Polish women

Magdalena M. Michalska1 & Dariusz Samulak1,2
& Hanna Romanowicz3 &

Jan Bieńkiewicz4 & Maciej Sobkowski5 & Krzysztof Ciesielski6 & Beata Smolarz3

Received: 11 May 2015 /Accepted: 22 June 2015 /Published online: 30 June 2015
# International Society of Oncology and BioMarkers (ISOBM) 2015

Abstract The aim of this study was to determine single nu-
cleotide polymorphisms in hOGG1 (Ser326Cys (rs13181))
and XRCC1 (Arg194Trp (rs1799782)) genes, respectively,
and to identify the correlation between them and the overall
risk, grading and staging of ovarian cancer in Polish women.
Our study comprised 720 patients diagnosed with ovarian
cancer and 720 healthy controls. The genotype analysis of
hOGG1 and XRCC1 polymorphisms was performed using
polymerase chain reaction (PCR)-based restriction fragment
length polymorphism (PCR-RFLP). Odds ratios (OR) and
95 % confidence intervals (CI) for each genotype and allele
were calculated. Results revealed an association between
hOGG1 Ser326Cys polymorphism and the incidence of ovar-
ian cancer. Variant Cys allele of hOGG1 increased the overall
cancer risk (OR 2.89; 95 % CI 2.47–3.38; p<.0001). More-
over, ovarian cancer grading remained in a relationship with
both analysed polymorphisms; G1 tumours presented in-
creased frequencies of hOGG1 Cys/Cys homozygotes (OR

18.33; 95 % CI 9.38–35.81; p<.0001) and XRCC1 Trp/Trp
homozygotes (OR 20.50; 95 % CI 10.17–41.32; p<.0001).
Furthermore, G1 ovarian cancers displayed an overrepresen-
tation of Cys and Trp allele. In conclusion, hOGG1
Ser326Cys and XRCC1 Arg194Trp polymorphisms may be
regarded as risk factors of ovarian cancer.
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Introduction

Low cancer detection rates in their initial stages in Poland
result in much higher cancer mortality than inWestern Europe
or the USA [1, 2]. This phenomenon seems to be a matter of
great concern principally because current medicine provides
effective management strategies for almost every type of can-
cer as long as it is diagnosed early [2].

We observed that the diagnosis of ovarian cancer in Poland
is set mostly in its advanced stage, largely due to the fact that
both patient and physician often ignore the first—predomi-
nantly non-characteristic—symptoms and signs. Although
much research efforts have been lately focused on ovarian
cancer, still no effective screening algorithms have been iden-
tified, and therefore, there is a clear need to find such ones,
also including new risk factors.

Investigation of variability in DNA repair genes may pro-
vide new possibilities for risk evaluation in cancer, as well as
its prophylactics and therapy [3–5]. For example, polymor-
phisms in DNA repair genes are to some extent related to
various types of cancer [6]. However, the exact function of
these polymorphic variants still remains unclear.

The repair process usually encompasses two stages: the
excision of lesion and the repair synthesis. This is how repair
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system acts via base-excision repair (BER), nucleotide exci-
sion repair (NER) and mismatch repair (MMR). Totally con-
verse is the repair system activity by direct lesion reversal, in
which there is merely a single-stage process with maintained
integrity of the DNA phosphodiester chain and the system of
recombination repair (HR).

The repair by BER enables removal of a number of serious
DNA lesions, including the oxidated and N-alkylated nitrog-
enous bases (e.g. thymine glycol, 8-oxoguanine, 7-
methylguanine, 3-methyladenine), uracil and apurin/
pyrimidin (AP) sites [7, 8].

Uterine body cancer formation may be associated with en-
dometrial exposure to exogenous and endogenous oestrogens
[9]. The oestrogens may bring about oxidative DNA defects,
which are eliminated by the BER mechanism [10, 11].

The hOGG1 and XRCC1 genes encode a protein which
participates in DNA repair via BER [10, 12]. According to
current literature, single nucleotide polymorphisms in these
two BER genes are correlated with various cancers [13–25].

In the presented literature data, the association between
XRCC1 and hOGG1 polymorphisms and risk of ovarian can-
cer, aggressiveness of the tumour, patient prognosis and ther-
apeutic consequences is also widely discussed [26–32]. Un-
fortunately, the results of research concerning the associations
between XRCC1 and hOGG1 polymorphisms with either
pathological ovarian tumour features or cancer risk have been
contradictory, and no firm conclusions can be drawn from
them [26–32]. Therefore, more research is needed to better
understand the possible biological mechanisms of develop-
ment and the role of both polymorphisms in this rare, neoplas-
tic transformation process.

The aim of this study was to determine single nucle-
otide polymorphisms in these two BER genes (single
nuc leo t ide polymorphisms (SNPs) : Ser326Cys
(rs13181) and Arg194Trp (rs1799782), respectively)
and to identify the correlation between them and the
overall risk, grading and staging of ovarian cancer in
Polish women.

Materials and methods

Patients

Seven hundred twenty patients with histologically proven di-
agnosis of ovarian cancer were included in the study. Patient’s
characteristics are presented in Table 1. Formalin-fixed paraf-
fin-embedded (FFPE) tumour tissue specimens were obtained
from women with ovarian cancer who were treated in the
Department of Surgical Gynaecology and Gynaecologic On-
cology, Institute of Polish Mothers Memorial Hospital, be-
tween 1998 and 2013. The age of patients ranged from 38 to
82 years (mean age 54.2±10.11 years). Ovarian cancer cases

are categorized by stage, which indicates how far the cancer
has spread, and by grade which describes how active the can-
cer is. All diagnosed tumours were staged according to the
criteria of the International Federation of Gynaecology and
Obstetrics (FIGO) [33]. Histological typing and grading were
done according to the WHO classification [34]. In addition,
normal ovarian tissue was obtained from women undergoing
laparoscopy for non-malignant conditions. In order to ensure
that the chosen histological material was representative for
cancerous and non-cancerous tissue, each tissue sample, qual-
ified for DNA extraction, was initially checked by a patholo-
gist. DNA from normal ovarian tissue (n=720) served as

Table 1 The characteristic summary of ovarian cancer patientsa

Characteristics Number of cases (%)

Histology of tumour

Serous 196 (27.2)

Mucinous 68 (9.4)

Endometrioid 169 (23.5)

Clear cell 71 (9.9)

Undifferentiated 151 (21.0)

Other 65 (9.0)

Number of pregnancy

1 292 (41 %)

2–3 248 (34 %)

>4 180 (25 %)

Ascites

Present 298 (41 %)

Absent 422 (59 %)

Use of hormone replacement therapy—HRT

Yes 438 (61 %)

No 282 (39 %)

Grading

G1 270 (38 %)

G2 430 (60 %)

G3 20 (2 %)

Staging

I 290 (40 %)

II 400 (56 %)

III 30 (4 %)

Size of tumour

>5 cm 270 (38 %)

<5 cm 450 (62 %)

Tumour wall infiltration/injury

Present 274 (38 %)

Absent 446 (62 %)

Menarche

<12 years old 390 (54 %)

>12 years old 330 (46 %)

Italics designate a subgroup of investigated patients
a n=720
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control (age range 39–83, mean age 51.41±18.21 years). The
test group comprised not related individuals without chronic
diseases and with no history of ovarian or any other tumours.
The Local Ethical Committee approved the study, and each
patient gave a written consent for participation in the study
(approval number 240/04, 05.02.2004).

DNA isolation

DNAwas extracted from the material, using a commercially
available QIAamp DNA FFPE Tissue Kit (Qiagen GmbH,
Hilden, Germany), according to the manufacturer’s
instruction.

Determination of hOGG1 genotype

Polymorphism Ser326Cys of hOGG1 gene was determined
by polymerase chain reaction (PCR)-based restriction frag-
ment length polymorphism (PCR-RFLP), using the following
primers 5′-GGAAGGTGCTTGGGGAAT-3′ and 5′-ACTG
TCACTAGTCTCACCAG-3′. The 25-μL PCR mixture
contained about 100 ng of DNA, 12.5 pmol of each primer,
0.2 mmol/L of deoxynucleotide triphosphates (dNTPs),
2 mmol/L of MgCl2 and 1 U of Taq DNA polymerase. PCR
products were electrophoresed in a 2 % agarose gel 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 fragment
is seen. All PCR were carried out in a DNAThermal Cycler
(GeneAmp PCR System 2400; Perkin-Elmer, Norwalk, CT,
USA). After an initial denaturation at 95 °C for 5 min, 35 cy-
cles of amplification with denaturation at 95 °C for 30 s, an-
nealing at 56 °C for 30 s and extension at 72 ° C for 30 s were
performed, followed by a final extension step of 7 min at 72 °
C. The PCR product was digested overnight with 1 U of SatI
(Fermentas, Vilnius, Lithuania) at 37 °C.

Determination of XRCC1 genotype

Polymorphism Arg194Trp of XRCC1 gene was determined
by PCR-RFLP, using the following primers forward 5′-
GCCCGTCCCAGGTA-3′ and reverse 5′-AGCCCCAAGA
CCCTTTCACT-3′. The PCR was carried out in a PTC-100
TM (MJ Research, INC, Waltham, MA, USA) thermal cycler.
PCR amplification was performed in the final volume of 25 μl
of reaction mixture, which contained 100 ng of genomic
DNA, 0.2 μmol of each primer (ARK Scientific GmbH
Biosystems, Darmstadt, Germany), 2.5 mM of MgCl2,
1 mM of dNTPs and 1 unit of Taq Polymerase (Qiagen
GmbH, Hilden, Germany). PCR cycle conditions were the
following: 95 °C for 30 s, 62 °C for 30 s and 72 °C for 40 s,

repeated in 35 cycles. After digestion with PvuII (New En-
gland Biolabs, Ipswich, MA, USA) for 4 h at 37 °C, the
samples were run on 2 % agarose gel and visualised by
ethidium bromide staining. The cleavage of the XRCC1 frag-
ment with PvuII (New England Biolabs, Ipswich, MA, USA)
produced bands of 292/174/21, 313/292/174/21 and 313/
174 bp corresponding to the Arg/Arg, Arg/Trp and Trp/Trp
genotypes, respectively.

Statistical analysis

The allelic frequencies were estimated by gene counting, and
the genotypes were scored. The observed numbers of each
hOGG1 and XRCC1 genotype were compared with those ex-
pected for a population in Hardy–Weinberg equilibrium
(HWE) by using the Chi-square test. Genotype frequencies
in the study cases and the controls were compared by the
Chi-square test. Genotype specific risks were estimated as
odds ratios (OR) with associated 95 % intervals (CI) by un-
conditional logistic regression. Statistical comparisons were
performed using Fisher’s exact test. p values <0.05 were con-
sidered statistically significant. All statistical analyses were
performed using the STATISTICA 6.0 software (Statsoft, Tul-
sa, OK, USA).

Results

Table 2 shows the distribution of genotypes and the frequency
of alleles of hOGG1 gene polymorphisms in patients and con-
trols. Aweak association was observed between ovarian can-
cer occurrence and Cys/Cys and Ser/Cys genotypes with a
stronger correlation for Cys/Cys than Ser/Cys heterozygotes.
Variant Cys allele of hOGG1 increased the overall cancer risk
(p<0.05).

No statistically significant differences between patients and
controls were observed in genotype frequencies of XRCC1
Arg194Trp polymorphism (Table 3). Within controls, the ge-
notype distribution did not differ significantly (p>0.05) from
those expected by the Hardy–Weinberg equilibrium (HWE).
The observed genotype frequencies of XRCC1 Arg194Trp
SNP in patients were in agreement with HWE (p>0.05), but
the observed genotype frequencies of hOGG1 Ser326Cys
polymorphism departed from Hardy–Weinberg equilibrium
(p<0.05).

Moreover, histological grading was related to hOGG1
Ser326Cys and the XRCC1 Arg194Trp polymorphisms.
Grading was assessed in all cases (n=720), with a distribution
as follows: G1—270 cases, G2—430 cases and G3—20
cases. Grades 2 and 3 were accounted together for statistical
analysis (Table 4). A correlation was observed between the
hOGG1 Ser326Cys and XRCC1 Arg194Trp genotype distri-
bution and cancer progression assessed by ovarian cancer
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grading (p<0.05). G1 patients displayed a statistically signif-
icant (p<0.05) increased frequency of Cys/Cys (OR 18.33;
95 % CI 9.38–35.81; p<.0001) and Trp/Trp homozygotes
(OR 20.50; 95 % CI 10.17–41.32; p<.0001). Furthermore,
G1 ovarian cancer patients had a general overrepresentation
of Cys (89 %) and Trp (89 %) alleles (p<0.05).

However, the results did not reveal any association be-
tween hOGG1 and XRCC1 polymorphisms and cancer stag-
ing (p>0.05). Nor did our outcomes demonstrate any statisti-
cally significant correlation (p>0.05) between hOGG1 and
XRCC1 polymorphisms and the risk factors for ovarian can-
cer, such as number of pregnancies, tumour size, age, menar-
che and previous history of ovarian cancer. Our data did not
demonstrate any statistically significant correlation between
hOGG1 and XRCC1 polymorphisms and the risk factors for
cancer recurrence or survival, such as ascites and tumour wall
infiltration (p>0.05).

Discussion

Protein defects that directly impair DNA repair mechanisms
and their control are strongly associated with an increased risk
of malignancies [35]. The genes encoding DNA lesion repair
systems play a key role in maintaining the genome integrity
and controlling the repair of mutation-affected DNA [36].
Without such ones, DNAwould continue to accumulate errors

which would shortly result in cell’s inability of further
survival [37]. Proper DNA repair mechanisms ensure ge-
nomic integrity and are crucial in its protection against
effects of carcinogenic factors [38]. Polymorphisms of re-
pair genes may influence the performance of the repair
process and thus influence the individual susceptibility to
cancer [39].

There are more than 130 DNA repair genes identified,
among which numerous single nucleotide polymorphisms
(SNP) are already discovered. In order to define the role they
play in cancer risk, it is necessary to define the functional
significance these genetic variants have. Investigation of var-
iability in DNA repair genes may therefore provide new pos-
sibilities for risk evaluation in cancer, as well as its prophy-
lactics and therapy.

This study was an attempt to determine whether SNPs in
BER pathway (hOGG1-Ser326Cys, XRCC1-Arg194Trp) are
associated with the risk of ovarian cancer in Polish women.

The hOGG1-Ser326Cys and XRCC1-Arg194Trp polymor-
phisms may influence the performance of the process, by
which defects of genetic material are removed, thus influenc-
ing the individual susceptibility to formation of neoplastic
disease [40–43].

Common variants within hOGG1, including Ser326Cys
polymorphism, have been identified as potential cancer sus-
ceptibility loci in recent studies, although association results
are controversial [44–48].

Table 2 Distribution of Lys/Lys,
Lys/Gln and Gln/Gln genotypes
and frequencies of the Ser and
Cys alleles of hOGG1 gene in
patients with ovarian cancer and
control

Patients (n=720) Controls (n=720)

hOGG1-Ser326Cys Number Percent Number Percent OR (95 % CI)a pb

Ser/Ser 160 22 196 27 1.00 Ref

Ser/Cys 160 22 340 47 0.57 (0.43–0.76) 0.0002

Cys/Cys 400 56 184 26 2.66 (2.02–3.49) <.0001

Ser 480 33 732 51 1.00 Ref

Cys 960 67 506 49 2.89 (2.47–3.38) <.0001

a Crude odds ratio (OR) and 95 % CI=confidence interval at 95 %
bChi-square

Table 3 Distribution of Arg/Arg,
Arg/Trp and Trp/Trp genotypes
and frequencies of the Arg and
Trp alleles of XRCC1 gene in
patients with ovarian cancer and
control

Patients (n=720) Controls (n=720)

XRCC1-Arg194Trp Number Percent Number Percent OR (95 % CI)a pb

Arg/Arg 180 25 190 26 1.00 Ref

Arg/Trp 360 50 334 46 1.13 (0.88–1.46) 0.348

Trp/Trp 180 25 196 28 0.96 (0.72–1.29) 0.887

Arg 720 50 714 49 1.00 Ref

Trp 720 50 726 51 0.98 (0.84–1.13) 0.862

a Crude odds ratio (OR) and 95 % CI=confidence interval at 95 %
bChi-square
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In the current study, a PCRmethodwas used to analyse 720
ovarian cancer patients for the hOGG1-Ser326Cys polymor-
phism. We demonstrated that hOGG1-Cys/Cys genotype was
associated with an increased risk of ovarian cancer. Our anal-
ysis revealed that allele Cys of the investigated polymorphism
in women with ovarian cancer is significantly more frequent,
and allele Ser is significantly less frequent than in lean con-
trols. Additionally, a correlation between the abovementioned
polymorphisms and ovarian cancer grading was discovered.
The frequencies of genotypes Cys/Cys in hOGG1 were sig-
nificantly high in the patients with grade 1 but not in the
patients with grades 2 and 3.

The observed genotype frequencies of hOGG1 polymor-
phism in the patients were not in agreement with Hardy–
Weinberg equilibrium. It is caused by a very high prevalence
of hOGG1 Cys/Cys genotype in the examined Polish
population.

The latest literature reports indicate a role of the Ser326Cys
polymorphism of hOGG1 gene for the development of spo-
radic epithelial ovarian cancer (EOC). Chen et al. evaluated
the Ser326Cys (c.977C>G) polymorphism in 420 patients
with EOC and in a group of 840 controls. They demonstrated
that the c.977G/G genotype was more frequently observed in
Chinese patients with type II EOC than in patients with type I
EOC [26].

This is not consistent with our study results which clearly
indicate that hOGG1-Ser326Cys genotype is associated with
grading 1 (G1) Polish patients. Our study was performed on
an ethnically homogenous population, which may improve
our knowledge, regarding to what an extent the genotype-
phenotype relationship variations are population-related. We

supposed that ethnicity may be significantly associated with
ovarian cancer risk and the genotype of hOGG1 gene.

The second studied polymorphism of XRCC1 gene, name-
ly Arg194Trp, was associated with the occurrence of ovarian
cancer. In our study, a correlation was observed between the
genotypes of XRCC1 Arg194Trp polymorphism and ovarian
cancer grading: Trp allele was more frequent in G1 tumours
than in remaining grades (2 and 3) analysed together.

The performed studies not only contribute to a better un-
derstanding of the molecular base of ovarian cancer but also
present with some clinical implications as well. According to
our data, Ser326Cys and Arg194Trp polymorphism may
serve as one of the genetic markers responsible for screening
low-risk asymptomatic women. A cumulative assessment of
the polymorphisms provides a chance to identify a group of
patients with low risk of the abovementioned cancer type,
what may become extremely useful in clinical practice, name-
ly in an individual assessment of the risk in asymptomatic
carriers. The results of studies on the polymorphisms of the
analysed DNA repair genes may contribute in the diagnostics
and prophylactics of neoplasm, mainly by a potential algo-
rithm project, taking into account the risk assessment of their
incidence. The results will be used to improve earlier diagnos-
tics of ovarian cancer and, eventually, to extend the survival of
patients.

In literature, several of researches suggest that polymor-
phisms of XRCC1 gene may contribute to ovary carcinogen-
esis. However, the reported results have rather been inconsis-
tent [27–30].

In Poland, only one report has so far been published on this
issue, describing a study of the XRCC1 polymorphisms in a

Table 4 Dependence of hOGG1
and XRCC1 gene polymorphism
genotypes and allele frequency on
tumour grade in patients with
ovarian cancera

Ovarian cancer patients

Gradeb G1 (n=270) G2 + G3 (n=450) OR (95 % CI)c pd

hOGG1-Ser326Cys Number (%) Number (%)

Ser/Ser 10 (4) 150 (33) 1.00 Ref

Ser/Cys 40 (15) 120 (27) 5.00 (2.40–10.41) <.0001

Cys/Cys 220 (81) 180 (40) 18.33 (9.38–35.81) <.0001

Ser 60 (11) 420 (47) 1.00 Ref

Cys 480 (89) 480 (53) 7.00 (5.19–9.43) <.0001

XRCC1-Arg194Trp

Arg/Arg 9 (3.3) 151 (34) 1.00 Ref

Arg/Trp 41 (15.2) 119 (26) 5.78 (2.70–12.36) <.0001

Trp/Trp 220 (81.5) 180 (40) 20.50 (10.17–41.32) <.0001

Arg 59 (11) 421 (47) 1.00 Ref

Trp 481 (89) 479 (53) 7.16 (5.30–9.67) <.0001

a n=720
bAccording to FIGO criteria
c Crude odds ratio (OR) and 95 % CI=confidence interval at 95 %
dChi-square
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group of 146 ovarian cancer patients. The obtained results
suggest no relationship between ovarian cancer and the
abovementioned polymorphisms of XRCC1 gene in the pop-
ulation of the Polish women [27].

Kim et al. examined the role of single nucleotide polymor-
phism (SNP) in XRCC1 repair gene and the risk of ovarian
cancer. In the reported study, Arg194Trp and Arg399Gln gene
polymorphisms, of XRCC1 gene, were associated with surviv-
al of ovarian cancer with chemotherapy [49]. Similarly,
Khrunin et al., while analysing the XRCC1 polymorphisms,
provided evidence for the Arg194Trp and Arg399Gln geno-
types to be most closely associated with survival of ovarian
cancer with chemotherapy, observed in the Russian popula-
tion [50]. Other experimental studies conducted in Chinese
reported the association of XRCC1-Arg194Trp and XRCC1-
Arg399Gln gene polymorphismswith survival of ovarian can-
cer treated by adjuvant chemotherapy [31–33].

Our results suggest an important role of hOGG1-
Ser326Cys and of XRCC1-Arg194Trp gene polymorphisms
in ovarian cancer pathophysiology and aetiology. Our chief
research achievement has been an indication which genes,
participating in the main DNA defect repair pathways, and
which SNPs of the genes may participate in formation of
ovarian cancer and which genes, which participate in DNA
repairs, do not exert any effect on the abovementioned neo-
plastic transformation processes. These Bpositive^ and
Bnegative^ markers of neoplasia may play a certain role in
defining the risk factors for ovarian carcinoma. Further re-
search on SNP in ovarian cancer is warranted to obtain more
conclusive outcomes.
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