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Abstract To evaluate the relationship of genetic
polymorphism in XRCC3 Thr**'Met and the risk of
breast cancer, a hospital-based case-control study was
conducted in Korea. Histologically confirmed breast
cancer cases (n = 574) and controls (n = 502) with no
present or previous history of cancer were recruited
from several teaching hospitals in Seoul during 1995-
2001. Information on demographic characteristics and
other information were collected by interviewed ques-
tionnaire. Genetic polymorphisms of XRCC3
Thr**'Met (C > T) was determined by single base ex-
tention assay. The frequency of Thr/Thr, Thr/Met, and
Met/Met genotype were 89.4, 10.4, 0.2% in cases and
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92.3, 7.7, 0.0% in controls, respectively. Genotype dis-
tribution in controls fit well to the Hardy—Weinberg
equilibrium (P = 0.74). XRCC3 codon 241 Thr/Met or
Met/Met genotype moderately increased the risk of
breast cancer (OR = 1.4, 95% CI: 0.87-2.33), but not
significant in this study. In the results of meta-analysis
using twelve reports, however, Thr/Met or Met/Met
genotype increased the risk of breast cancer (OR = 1.08,
95%CI: 1.00-1.17). In conclusion, although the genetic
polymorphism of XRCC3 Thr**'Met was unlikely to
have a substantial overall association in Korean women,
the meta-analysis of studies, including ours, provided
that Thr/Met and Met/Met was weakly increased the
risk of breast cancer compare to Thr/Thr genotype.

Keywords The genetic polymorphism of XRCC3
Thr**'Met - Breast cancer risk - Case-control study in
Korean women - Meta-analysis

Introduction

Exposure to ionizing radiation is a well-established risk
factor for breast cancer [1, 2]. Epidemiologic evidences
suggest that double-strand break in DNA may con-
tribute to the development of breast cancer from ion-
izing radiation [3, 4].

X-ray cross-complementing group 3 (XRCC3) is one
of protein components involved in homologous
recombination repair (HRR) pathway repairing radia-
tion-induced DNA damage. Several polymorphisms
such as 4541A > G in 5-region and Thr**'Met have
been found in XRCC3 gene [5]. Kuschel et al. [6]
performed genetic association studies in population-
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based breast cancer case-control study analyzing poly-
morphisms in genes involving in homologous recom-
bination (HR: NBSI1, RAD52, RAD51, XRCC2 and
XRCC3) and non-homologous end-joining (KU70/80
and LIG4), and found strong association between
XRCC3 Thr**'Met and breast cancer risk. A number of
studies have explored the association between breast
cancer and the genetic polymorphism of XRCC3
Thr**'Met [6-16]. However, all studies were conducted
for the Caucasian population except one, which was for
Chinese population [14].

This study has evaluated the association between
genetic polymorphism of XRCC3 Thr**'Met and
breast cancer risk in Korean women. Meta-analysis
summarizing the previous epidemiological studies is
also included in this study.

Methods
Subjects

Approval for this study was obtained from the Com-
mittee on Human Research of Seoul National Uni-
versity Hospital. Written informed consent was
obtained from all participants. Details of the methods
for subject enrollment, collection of peripheral blood,
and DAN extraction have been published previously
[17, 18], and a brief description is given below. After
excluding subjects with previous history of cancer,
hysterectomy or oophorectomy, the final study popu-
lation consisted of 574 cases and 502 controls. DNA
was available for 537 cases and 466 controls. Infor-
mation on demographic characteristics, education,
marital status, family history of breast cancer, repro-
ductive and menstruation, life style habits (including
smoking and alcohol consumption) were collected
using a questionnaire administered by trained inter-
viewers.

Genotyping

DNA was isolated using standard methods from blood
drawn into 10 ml heparinized tubes and stored in —
70°C until use.

The XRCC3 Thr**'Met genotype was determined by
single base extension assay. Polymerase chain reaction
(PCR) product was obtained using 500 nM of oligo-
nucleotide primers (P1: 5-GCC TGG TGG TCA TCG
ACT C-3’ and P2: 5-CTG GCT AAA AAT ACG
AGC TC-5) in a total volume of 20 ul. The amplifi-
cation conditions were initial denaturation at 95°C for
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5 min followed by 35 cycles of 30 s at 94°C and 180 s at
72°C.

Primer extension was performed by combining 1 pl
of exonuclease I and alkaline phosphatase treated PCR
product with 5 pl single base extension kit, 0.15 pmol
extension primer (5-GCA TCT GCA GTC CCT GGG
GGC CA-3) and 3 pl water. The reaction mixture was
incubated at 94°C for 2 min prior to PCR of 25 cycles
of 95°C for 5 s, 50°C for 5 s, and 60°C for 5 s. Aliquots
of 1 ul SNaPshot product and 9 pl Hi-Di formamide,
were combined in 96-well 3100 optical microamp plate,
which was loaded onto a 3100 DNA sequencer (Ap-
plied Biosystems, Foster city, CA, USA). Reactions
were electrophoresed on a 36 cm capillary array at
60°C by using POP4 polymer, dye set “E’” and Gene-
scan run module “SNP36POP4_default.” Electropho-
resis data were processed by Genescan Analysis
version 3.7 (Applied Biosystems, Foster city, CA,
USA). The genotype data could be achieved for 86.4%
of the subjects.

Meta-analysis

To collect the literature for meta-analysis, MEDLINE
was searched using the following terms for papers
published before March 2006: genetic polymorphism,
XRCC3, double-strand DNA breaks, or homologous
recombination repair, and breast cancer risk. Addi-
tional articles were identified through the references
cited in the first series of articles selected. Articles in-
cluded in meta-analysis were in English language, with
human subjects, published in the primary literature and
had no obvious overlap of subjects with other studies.
We identified eleven case-control studies that provided
information on breast cancer occurrence associated
with the XRCC3 Thr**'Met polymorphisms. For meta-
analysis, data were combined using both fixed-effects
(Mantel-Haenszel) and random-effect (DerSimonian
and Laird method) models [19]. Estimate values were
based on random-effects model because random-ef-
fects model are more appropriate when heterogeneity
is present [19]. Heterogeneity among the studies was
evaluated by means of the Cochrane Q test [19, 20] and
was considered significant at P < 0.05. If the test result
was negative, a fixed-effects model (Mantel-Haenszel
method) was used. On the contrary, if the test result
was positive, we used a random-effects model [21] to
task the heterogeneity into account. This model as-
sumes that the studies are a random sample of a
hypothetical population of studies taking into account
within- and between-study variability. Publication bias
was assessed by Begg [22] and Egger’s test [23]. All the
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calculations were performed with computer program
STATA Version 8.2 (Stata Corp., College Station, TX,
USA).

Statistical analysis

The Hardy—Weinberg equilibrium assumption was as-
sessed using standard maximum likelihood methods.
Chi-square tests and Fisher’s exact tests used to test
whether observed genotype data were consistent with
Hardy-Weinberg proportions and to compare the allele
frequencies between cases and controls. Odds ratios
(ORs) and 95% confidence intervals (Cls) were cal-
culated by unconditional logistic regression model. The
ORs were adjusted for age, body mass index (BMI),
education, exposure of lifetime estrogen, and family
history of breast cancer. To increase the statistical
power, the respective genotypes were divided into two
groups in the statistical analyses. All analyses were
carried out with the SPSS (version 10.0) statistical
software package.

Results

Demographic characteristics of the study population
have been previously published [15]. In brief, the mean
age was 47.9 (+10.55) in cases and 46.9 (+£13.93) in
controls (p = 0.180). High education (OR = 2.0, 95%
CI: 1.5-2.7), high BMI (OR = 1.5, 95% CI: 1.1-2.0),
and family history of breast cancer (OR = 2.4,95% CI:
1.3-4.4) were significantly different between cases and
controls. As the duration of estrogen exposure in their
life was longer, the risk of breast cancer was increased
(P < 0.001).

The frequency of Thr/Thr, Thr/Met and Met/Met
genotype were 89.4, 10.4, 0.2% in cases and 92.3, 7.7,
0.0% in controls, respectively. Genotype distribution in
controls fit well to the Hardy—Weinberg equilibrium
(P =0.74). XRCC3 codon 241 Thr/Met or Met/Met
genotype was moderately increased the risk of breast
cancer (OR =14, 95% CI. 0.87-2.33), especially in
postmenopausal women (OR =2.1, 95% CI: 0.93-
4.59) (Table 1). However, the association was not sta-
tistically significant.

As a result of meta-analysis using ten Caucasian
studies and two Asian studies including present study,
the Thr/Met or Met/Met genotypes of XRCC3
Thr**'Met polymorphism was positively associated
with risk of breast cancer (Thr/Met + Met/Met vs. Thr/
Thr; OR =1.08, 95% CI: 1.00-1.17). The trend was
shown little stronger in Asian (OR =1.29, 95%CI:
0.97-1.70) than Caucasian (OR = 1.07, 95%CI: 0.99-
1.16) (Fig. 1); however, the number of Asian study was
only two including ours. There was not statistically
significant study heterogenesity (Q test P = 0.07), and
no evidence of publication biases according to the
Egger’s or Begg’s test (data not shown).

Discussion

The genetic polymorphism of XRCC3 Thr**'Met was
not significantly associated with breast cancer in Kor-
ean women; however, the result of meta-analysis based
on twelve studies suggests that the XRCC3 241
Met allele is likely to have a substantial overall asso-
ciated with the risk of breast cancer.

The association is biologically plausible considering
the experimental evidence. Matullo et al. [24] observed

Table 1 XRCC3 (Thr**'Met)
and breast cancer risk in

Case N (%) Control N (%) OR (95% CI)

Korean women All women

Thr/Thr

Thr/Met

Met/Met

Thr/Met + Met/Met
Premenopausal women
Thr/Thr

Thr/Met

Met/Met

Thr/Met + Met/Met
Postmenopausal women

Thr/Th
Adjusted for age, BMI, Thi/Mert
education, exposure of Met/Met

lifetime estrogen, and family

. Thr/Met + Met/Met
history of breast cancer

437 (89.4) 349 (92.3) 1.0
51 (10.4) 29 (7.7) 1.4 (0.84-2.20)
1(02) - _
52 (10.6) 29 (7.7) 1.4 (0.87-2.33)
279 (90.0) 204 (91.5) 1.0
31 (10.0) 19 (8.5) 1.2 (0.62-2.31)
31 (10.0) 19 (8.5) 11 (0.56-1.99)
158 (88.3) 149 (93.5) 1.0
20 (11.2) 10 (6.5) 2.0 (0.88-4.41)
1(0.5) - _
21 (11.7) 10 (6.5) 2.1 (0.93-4.59)
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Author (country)™  genotypes Cases (%)  Controls (%) OR (95% CI)
Smith (USA)’ Thr/Met 474 48.0 H
[114/229]° Met/Met 17.5 17.0 —
Met allele '
Han (USA)® Thr/Met 45.1 48.8
[952/1245] Met/Met 14.2 13.7 f I
Met allele ——
Smith (USA)’ Thr/Met 48.1 41.7 }
[268/252] Met/Met 13.1 20.2 1
Met allele I
Jacobson (Danish)lo Thr/Met 47.8 46.8 i
[425/423] Met/Met 13.9 15.4
Met allele :I
Millikan (USA, Thr/Met 46.1 49.0 ——
white only)"’ Met/Met 13.6 12,5 —
[1254/1132] Met allele —_
Figueiredo Thr/Met 46.3 49.8
(Canada)' Met/Met 19.2 13.9 I
[402/402] Met allele —
Webb (Australia)'®  Thr/Mer 45.4 47.6 '
[1445/788] Met/Met 13.7 13.5 SN B —
Met allele —
Forsti (Finnish)" Thr/Met 35.9 36.9 X
[223/298] Met/Met 14.3 9.1 . X
Met allele = "
Forsti (Polish)" Thr/Met 49.4 43.6 X
[172/202] Met/Met 8.7 12.4 2 "
Met allele . =
Garcia-Closas Thr/Met 47.6 47.5
(USA)'® Met/Met 15.3 14.4
[2978/2554] Met allele
Garcia-Closas Thr/Met 45.9 45.5
(Polish)'® Met/Met 413 11.6 T !
[1974/2285) Met allele - —
Kushel (ABC- Thr/Met 48.6 46.6
EPIC™® Met/Met 14.7 13.0 1
[1242/1052] Met allele ]
Zhang (Chian)'* Thr/Met 36.4 37.1
[220/310] Met/Met 15.0 9.4 i g
Met allele . 1]
|
Lee (Korea)™™™ Thr/Met 10.4 7.7 '
[489/378] Met/Met 0.2 0 i .
Met allele 1 L]
OR (95% CI)
Total Thr/Met 1.02 (0.96-1.07) —+
Met/Met 1.11 (0.99-1.24) —:I_—
Met allele 1.08 (1.00-1.17)
Caucasians Thr/Met 1.01 (0.95-1.07) ——
Met/Met 1.09 (0.97-1.22) —_:‘_—
Met allele 1.07 (0.99-1.16)
Asian Thi/Met 1.19 (0.89-1.60) 11
Met/Met 1.78 (1.03-3.08) i
Met allele 1.29 (0.97-1.70) —
0.1 0.5 1.0 2.0 25

Fig. 1 Meta-analysis of the association between XRCC3 Thr**'Met and breast cancer risk using ten Caucasian and two Asian reports
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a higher level of DNA adducts in healthy volunteers
with Met/Met genotype of XRCC3 Thr**'Met com-
pared with Thr/Thr genotype. XRCC3 Thr**'Met
polymorphism change the amino acids coded from one
with a neutral hydrophilic hydroxyl group (Thr) to a
hydrophobic one with a methyl sulfur group (Met) [6].
The XRCC3 241 Met variation is evolutionarily con-
served and functional data supports that it could be a
risk allele for breast cancer [25, 26]. The impact of this
polymorphisms on repair phenotype was studied in 80
healthy subjects [25]; the XRCC3 241 Met allele was
associated with significant increases in chromosome

deletions in X-ray-challenged blood lymphocyte
(P =0.05). Chromosome deletion is specific for
abnormal repair of X-ray-induced DNA strand

breakage, suggested that the XRCC3 241 Met allele
might be defective in repairing double strand breaks.

A modest association between the homozygote
variant genotype for XRCC3 Thr**'Met and breast
cancer risk was first reported in the UK [6]; however,
subsequent studies were not consistent. XRCC3 codon
241 Met/Met genotype showed a weak positive asso-
ciation with breast cancer among women in northern
Europe [6], Finland [15], Canada [12], China [14], and
the United States [9]. No associations were observed
among women in Denmark [10], the United States [11],
Australia [13], or the Nurses’ Health Study [8, 27]. A
population-based breast cancer case-control study
conducted for 2,592 breast cancer patients and 2,016
controls examined to analyze genetic polymorphisms
in homologous recombination (HR) and has found that
XRCC3 Thr**'Met are more strongly associated with
the risk of breast cancer than other HR genes, such as
XRCC2 and LIG4 [18]. Smith et al. [7] also defined the
role of XRCC3 in breast cancer development and
suggested that the genetic polymorphism may be
associated with susceptibility to breast cancer.

The variant allele frequencies ranged from 5 to 45%,
with a statistically significant difference in the preva-
lence of the XRCC3 241 polymorphism among differ-
ent ethnic groups (the prevalence of Met/Met
homozygosity was 4.6% in African—Americans, 0.2%
in Asians, and 12.4% in Caucasians; P < 0.001) [28].
In our study, the Met allele frequency was 4.7%; al-
though the frequency was lower than Caucasian (ran-
ged from 28.5 to 44.9%), but similar and comparable to
Asian population (ranged from 3.8 to 18.4%) [14,
28-32].

As a result of meta-analysis, we found that the
genetic polymorphism of XRCC3 Thr**'Met was
weakly affected to the risk of breast cancer; the Met/
Met and Thr/Met was weakly associated with breast
cancer compared to Thr/Thr genotype, and this trend

was more strongly shown in Asian women. The dif-
ferent of ethnicity, however, must be interpreted with
caution because of the lack of power due to the small
number of studies and much lower frequency of Met/
Met allele compared to Caucasian’s. Garcia-Closas
et al. examined the meta-analysis of XRCC3 Thr**'Met
in Caucasian population using eight published studies,
and suggested a small increased in risk for the Met/Met
compared to the Thr/Thr genotype (OR = 1.16,
95%CI: 1.04-1.30) similar to that from the present
study (OR = 1.09, 95% CI:0.97-1.22).

In conclusion, this results fail to show the association
between the genetic polymorphism of XRCC3
Thr**'Met and the risk of breast cancer in Korean
women, but the meta-analysis was suggested to weak
and positive association between the genetic poly-
morphism of XRCC3 Thr**'Met and breast cancer risk.
However, Smith et al. [9] suggested to potential gene-
gene interaction among variant alleles of XRCCI,
XRCC3, and ERCC4/XPF in breast cancer risk and to
needs for combination of genetic variant of base exci-
sion repair (BER), HRR, and nucleotide excision re-
pair (NER) pathways, which play critical roles in
repairing various types of DNA damage. Therefore,
genetic variants in multiple repair pathways may have
a joint or addictive effect on breast cancer risk.
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