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Background: Single nucleotide polymorphisms (SNPs) in DNA repair genes may be
associated with differences in the repair efficiency of DNA damage and may influence
an individual’s risk of cancer. The XRCC3 protein plays a critical role in Homologous
Recombination Repair (HRR) accounting for repair of DNA double-strand breaks (DSB).
Aim: The aim of the present study was to evaluate associations between the risk
of breast cancer and Thr241Met polymorphism in the XRCC3 gene.
Material and methods: Single nucleotide polymorphism was genotyped by
the PCR-RFLP (restriction fragment-length polymorphism) method in 760 women
with sporadic breast cancer and in 760 control samples. The present study confirmed
a relationship between XRCC3 Thr241Met polymorphism and breast cancer pro-
gression, assessed by the degree of lymph node metastases and histological stages.
Conclusion:Our findings suggest that the analysis of XRCC3 polymorphism, may
contribute to better understanding of the mechanisms of breast cancer by evaluat-
ing possible interactions between these genotypes and well-established risk factors
for breast cancer.
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Introduction

Breast cancer is the most frequent cancer in women
worldwide. The highest incidence rates are observed in
North America, whereas the lowest risk of breast can-
cer is observed in Asia and Africa [1]. Breast cancer is
also the most common cancer in females in Europe.
The regions of highest incidence are Western and
Northern Europe, while Southern and Eastern Europe
have lower incidence rates.

It has been suggested that sporadic breast cancer is
most likely caused by low-penetrance genes, including

those involved in DNA repair mechanisms. Further-
more, the accumulation of DNA damage may con-
tribute to breast carcinogenesis.

Different DNA repair pathways play a vital role in
preserving genome stability and genetic variations in
multiple repair pathways may result in an elevated breast
cancer risk. The genes belonging to homologous re-
combination repair (HRR) pathway, such as X-ray Re-
pair Cross Complementing Group 3 (XRCC3) have been
extensively studied in association with various human
cancers, mostly breast, lung or head and neck carci-
nomas [2-6].
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XRCC3 Thr241Met variation (c. 722 C>T; rs
861539, Genbank accession number NT 026437) has
been found to be associated with an increased forma-
tion of DNA adducts as well as with chromosomal dele-
tions, and higher sensitivity to ionizing radiation and
cross-linking agents [7].

A modest association between the homozygous vari-
ant genotype of the Thr241Met allele of XRCC3 and
breast cancer risk was first reported in a study in
the United Kingdom [8]. However, most subsequent
studies in Caucasian populations have not confirmed
this association [9, 10].

Some but not all studies have found XRCC3
Thr241Met to be related to an increased risk of breast
cancer. Pooled analyses and meta-analyses show
a small but significant increase in such risk [11-14].

In conclusion, XRCC3 gene is a highly suspected can-
didate gene for cancer susceptibility. However, asso-
ciation studies on the XRCC3 polymorphisms in can-
cer have shown conflicting results.

Therefore, in the present study, the association be-
tween breast cancer incidence in the population
of Polish women and Thr241Met polymorphism
of XRCC3 gene was investigated.

Material and methods

Breast cancer patients

In the presented work, blood samples were collected
from women (n = 760) with ductal breast carcinoma,
treated from 2006 to 2011 at the Department of On-
cology, Institute of Polish Mother’s Memorial Hospi-
tal, Lodz, Poland. The age of the patients ranged from

41 to 84 years (mean age 48.4 ±10.11 years). No dis-
tant metastases were found in any of the patients at
the time of treatment onset. The median follow-up
of patients at the time of analysis was 39 months
(the range: 2-71 months). The average tumour size was
22 mm (range 17-32 mm). All the tumours were grad-
ed by a method based on the criteria of Scarf-Bloom-
Richardson. The characteristics of the patients are sum-
marized in Table I. Blood samples from age-matched,
cancer-free women (n = 760) served as controls (the
mean age 43.41 ±18.22). An appropriate ethical
approval was obtained from the Ethics Committee
of the Institute of Polish Mother’s Memorial Hospital,
Lodz, Poland.

PCR-RFLP analysis of XRCC3 genotype

XRCC3 gene polymorphism was determined by
PCR-RFLP, using codon 241 primers (forward 5’-
GCCTGGTGGTCATCGACTC-3’ and reverse
5’-ACAGGGCTCTGGAAGGCACT GCTCAGCT-
CACGCACC- 3’). The 25 µl PCR mixture contained
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. Thermal cycling conditions were the fol-
lowing: 94°C for 60 s, 56°C for 30 s and then 72°C for
40s, repeated in 30 cycles. The 552 bp amplified prod-
uct was digested overnight with 5 U of NlaIII (New
England Biolabs, Ipswich, MA, USA) at 37°C.
The wild-type allele Thr was identified by the presence
of two 239 and 313 bp bands, while the mutant allele
Met was represented by 105, 208, and 239 bp bands.

Statistical analysis

Genotype frequency deviations were assessed for each
polymorphism, comparing Hardy-Weinberg equilib-
rium values with control values by the standard χ2 test.
Genotype frequencies in the study cases and controls
were compared by the χ2 test. Genotype specific risks
were estimated as odds ratios (ORs) with associated 95%
intervals (CIs) by unconditional logistic regression.
P-values < 0.05 were considered significant. All
the statistical analyses were performed using the
STATISTICA 6.0 software (Statsoft, Tulsa, Oklaho-
ma, USA).

Results

Table II shows genotype distribution values
of XRCC3 Thr241Met polymorphism in breast can-
cer patients and controls. No statistically significant
differences were observed in genotype frequencies
of XRCC3 Thr241Met polymorphisms between
the control group and breast cancer patients.

Histological stages were evaluated in all the cases
(n = 760); stage I – 206 cases, stage II – 500 cases and
stage III – 54 cases. Stages II and III were taken to-
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Table I. Characteristics of patients with breast cancer

BREAST CANCER PATIENTS (N = 760)
N %

Scarf-Bloom-Richardson stage
I 206 27
II 500 66
III 54 7

Tumour size grade
T1 95 13
T2 415 55
T3 190 25
T4 60 7

Lymph node status
N0 350 46
N1 125 16
N2 150 20
N3 75 10
N4 60 8
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gether for statistical analysis (see Table III). Some
correlation was observed between the genotypes
of XRCC3-Thr241Met polymorphisms and breast can-
cer invasiveness. A statistically significant increase was
observed regarding Thr/Met heterozygotes in stage I pa-
tients according to Scarf-Bloom-Richardson classifi-
cation.

The distribution of genotypes and the frequency of al-
leles in patients with (N+) and without (N–) lymph
node metastases are presented in Table IV. A tendency
for a decreased risk of breast cancer was observed with
the occurrence of Met/Met genotype and Met allele
of XRCC3 polymorphism. That decrease was statisti-

cally significant (p < 0.05) (see Table IV). There were
no differences either in the distribution of genotypes
or the frequency of alleles in the group of patients with
different tumour size (Table V).

Discussion

XRCC3 plays an important role in the repair
of DNA double-strand breaks (DSBs) by homologous
recombination. DSBs may contribute to the patho-
genesis of various cancers and variability in DNA re-
pair genes. XRCC2 and XRCC3 proteins are struc-
turally and functionally related to RAD51, which plays

SNP IN XRCC3 GENE AND BREAST CANCER RISK

Table II. Genotype and allele frequency of XRCC3 – Thr241Met polymorphisms in patients with breast cancer
and controls

BREAST CANCER PATIENTS CONTROLS OR (95% CI)A PB

(N = 760) (N = 760)
NUMBER (%) NUMBER (%)

Thr/Thr 210 28 178 24 1.00 Ref.
Thr/Met 370 49 366 48 0.85 (0.66-1.09) 0.243
Met/Met 180 23 216 28 0.70 (0.53-0.93) 0.184
Thr 730 48 722 47 1.00 Ref.
Met 790 52 746 53 1.04 (0.90-1.21) 0.554
ACrude odds ratio (OR); 95% CI = confidence interval at 95%; Bχ2

Table III. Relation between genotypes and frequencies of XRCC3 gene polymorphism, and the tumour stage
in patients with breast cancer

STAGEA BREAST CANCER PATIENTS (N = 760) OR (95% CI)B PC

I (N = 206) II + III (N = 554)

XRCC3 Thr241Met
Thr/Thr 42 (20) 168 (31) 1.00 Ref.
Thr/Met 146 (71) 224 (40) 2.61 (1.75-3.87) < 0.0001
Met/Met 18 (9) 162 (29) 0.44 (0.24-0.80) 0.009
Thr 230 (56) 560 (51) 1.00 Ref.
Met 182 (44) 548 (49) 0.81 (0.64-1.01) 0.075
Data in boldface are statistically significant
Aaccording to Scarf-Bloom-Richardson criteria; Bcrude odds ratio (OR), 95% CI – confidence interval at 95%, Cχ2

Table IV. Relation between genotypes and frequencies of XRCC3 gene polymorphism, and the node status

BREAST CANCER PATIENTS (N = 760) OR (95% CI)B PC

NODE STATUSA

N+ (N = 410) N– (N = 350)

XRCC3 Thr241Met
Thr/Thr 142 (35) 104 (29) 1.00 Ref.
Thr/Met 168 (42) 114 (33) 1.07 (0.76-1.52) 0.729
Met/Met 100 (23) 132 (38) 0.55 (0.38-0.79) 0.0019
Thr 452 (56) 322 (46) 1.00 Ref.
Met 368 (44) 378 (54) 0.69 (0.56-0.84) 0.00048
Data in boldface are statistically significant
AN– (node negative) vs. N+ (node positive), Bcrude odds ratio (OR), 95% CI – confidence interval at 95%, Cχ2
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an important role in the homologous recombination,
the process being frequently involved in cancer trans-
formation [8]. RAD51, XRCC2 and XRCC3 gene are
highly polymorphic.

The Thr241Met substitution is the most thoroughly
investigated polymorphism in XRCC3 due to a (C>T)
transition at exon 7 (XRCC3-18067C>T, rs861539).

In the presented study we investigated whether sin-
gle nucleotide polymorphisms (SNPs) XRCC3-
Thr241Met were associated with the risk of breast can-
cer in Polish women.

The study was performed on an ethnically homog-
enous population, which may improve our knowledge
as to what extent the genotype-phenotype relationship
variations are population-related.

In the reported study, the investigated polymor-
phism, Thr241Met of XRCC3 gene, was associated with
breast carcinoma progression. Thr241Met heterozygote
was associated with an increased risk of stage I breast
cancer.

However, other literature data were also found [2,
10, 15]. No significant associations were observed be-
tween the Thr241Met and breast cancer in Cypriot
women [15]. Moreover, in Caucasian women genotypes
in XRCC3 were not associated with an increased risk
of developing breast cancer [16]. DNA repair poly-
morphism of XRCC3 was correlated with histopatho-
logical characteristics and hormone receptors in
a group of Brazilian women with breast cancer. No sta-
tistically significant association was found between
gene polymorphism and hormone receptor status.
Thr241Met polymorphism was not associated with
breast cancer development in these women [17].

In the Polish population, Thr241Met genotype
of XRCC3 polymorphism slightly increased the risk
of local metastasis in breast cancer patients [2, 10].
The combined Thr241Met-XRCC3/135G/C-RAD51
genotype decreased the risk of breast cancer occurrence
[10].

Similarly to our observation, recent reports demon-
strate that XRCC3 Thr241Met allele seems associat-

ed with an elevated breast cancer risk in non-Chinese
subjects [14]. He et al. indicated that Thr241Met poly-
morphism may be associated with an increased breast
cancer risk [18]. Costa et al. suggested XRCC1
Arg399Gln and XRCC3 Thr241Met DNA repair poly-
morphisms to be important biomarkers to sporadic
breast cancer susceptibility [12].

In conclusion, the reported study is another evidence
for the significance of Thr241Met genotype in breast
carcinoma staging. The obtained data show that
polymorphism of XRCC3 gene may be associated with
the risk of breast carcinoma occurrence. On the other
hand, a protective effect was observed of Thr241Met
polymorphism in patients without (N–) lymph node
metastasis.

Finally, it is postulated that this polymorphism may
be used as a predictive factor for breast cancer in the Pol-
ish female population. Further studies conducted on
a larger group are suggested to clarify this point.
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