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Abstract DNA repair plays an important role in tumor
development. The base excision repair (BER) pathway
mainly removes DNA damage caused by ionizing radiation
and reactive oxidative species. Here, we examined possible
associations between polymorphisms in three important
BER genes (OGGI Ser326Cys, APEXI Aspl48Glu,
XRCCI  Argl94Trp, XRCCI Arg280His, XRCCI
Arg399Gln) and breast cancer incidence in Thai women.
The study population consisted of 507 breast cancer cases
and 425 controls. Odds ratios (OR) were adjusted by
multivariate logistic regression analysis for age, body mass
index, age at menarche, family history of breast cancer,
menopausal status, reproduction parameters, use of con-
traceptives, tobacco smoking, involuntary tobacco
smoking, alcohol drinking, and education. For homozygous
carriers of the Glu allele in APEX], a significant protective
effect was found when compared to Asp/Asp carriers (odds

S. Sangrajrang (D<)

Research Division, National Cancer Institute, 286/1 Rama VI
road Ratchathewee, Bangkok 10400, Thailand

e-mail: sulee @health.moph.go.th; suleesang@yahoo.com

P. Schmezer - P. Waas - H. Bartsch - O. Popanda
Division of Toxicology and Cancer Risk Factors, German
Cancer Research Center (DKFZ), Heidelberg, Germany

1. Burkholder
Division of Biostatistics, German Cancer Research Center
(DKFZ), Heidelberg, Germany

P. Boffetta - P. Brennan
International Agency for Research on Cancer (IARC), Lyon,
France

S. Wiangnon
Faculty of Medicine, Khon Kaen University, Khon Kaen,
Thailand

ratio (OR) = 0.60, 95% confidence interval (CI) = 0.38—
0.94). Subgroup analysis based on menopausal status
revealed increased breast cancer risk in postmenopausal
women and OGGI (OR =2.05, 95% CI 1.14-3.69).
Reconstructed diplotypes for XRCC1 showed that CGA/
CGA carriers had an increased risk of breast cancer com-
pared with carriers of the wild type diplotype CGG/CGG
(OR = 2.56, 95% CI 1.28-5.15). When the joint effects of
XRCCI, APEXI] and OGGI polymorphisms were evalu-
ated, individuals homozygous for two or three risk alleles
were at increased risk (OR = 1.88, 95% CI 1.26-2.82). In
conclusion, our data suggest that Thai women with a cer-
tain XRCC1 diplotype or homozygous for two or three
variant alleles of XRCCI, OGGI, and APEX] are likely to
have an increased susceptibility to breast cancer.

Keywords APEXI1 - Case-control study -
Menopausal status - OGG1 - Oxidative DNA damage -
XRCC1

Introduction

Breast cancer is the second most common cancer among
women in Thailand and its incidence is still increasing [1].
Although there are well established risk factors such as age
at first child’s birth, nulliparity, and family history of breast
cancer, the aetiology of breast cancer is still not completely
known [2]. There is, however, strong evidence that insuf-
ficient repair of DNA damage plays an important role in the
development of breast cancer [2-5]. Besides DNA double-
strand break repair, efficiency of base excision repair
(BER) is suggested to be a major determinant of breast
cancer risk as BER is involved in the repair of oxidative
DNA lesions which are induced by free radicals produced
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e.g., during cellular estrogen metabolism or by exogenous
exposure to chemicals and ionizing radiation [6, 7].

The BER pathway consists of at least 11 DNA damage
specific glycosylases and more than 20 further proteins [8],
three of the most important ones being 8-oxoguanine DNA
glycosylase (hOGG1I), apurinic/apyrimidine endouclease 1
(APEX1I), and X-ray repair cross-complementing group 1
protein (XRCC1)[9, 10]. BER proteins are cooperating at the
damaged site in a strongly coordinated way, e.g., an oxidized
8-oxoguanine base is recognized and removed by the Oggl
gylcosylase leaving behind an apurinic site which is excised
by APEX1 and subsequently re-polymerized by DNA
polymerase f§ and ligase 3. XRCCI acts as a scaffolding
protein and can regulate time and strength of interaction
between the multiple proteins of the BER machinery.

Imbalances in this tightly regulated process can be
caused by single nucleotide polymorphisms and will result
in insufficient DNA repair and an increase in DNA breaks
[8, 9]. There are several common polymorphisms known
affecting the amino acid sequence in BER genes, among
them Argl94Trp (rs1799782), Arg280His (rs25489) and
Arg399GIn in XRCCI (rs25487), Aspl48Glu in APEX]
(rs3136820), and Ser326Cys in OGGI (rs1052133). The
XRCC1 399GIn allele and the OGGI 326Cys allele were
shown to be associated with reduced DNA repair capacity
as assessed by the persistence of DNA bulky adducts
[11-13] and y-irradiation induced oxidative DNA damage
[14]. Decreased DNA repair capacity after exposure to
oxidative agents was also found when cells carrying the
280His allele were compared with isogenic cells carrying
the 280Arg allele [15]. In addition, an increasing number of
variant alleles of APEXI Aspl48Glu and XRCCI
Arg399GIn was significantly associated with prolonged
cell cycle delay in G2 phase and decreased DNA repair
capacity after y-irradiation [14, 16]. In contrast, the 194Trp
variant of XRCC1 was reported to be associated with lower
bleomycin and benzo(a)pyrene diol-epoxide sensitivity in
vitro [17], suggesting a protective role for the Trp-Allele in
the development of cancer potentially by increasing BER
activity.

Associations of these polymorphisms and breast cancer
risk have been examined by epidemiologic studies and
results have been summarized in three meta-analyses [18—
20]. Only a few studies have investigated associations
between breast cancer risk and the genetic variants OGG/
Ser326Cys, APEXI Aspl48Glu and XRCCI Arg280His.
Reasonable numbers of studies are available only for the
XRCCI Argl94Trp and Arg399GIn polymorphisms. The
summary estimates for the 399 polymorphism presented an
increased risk in Asian and African homozygous carriers of
the 399 GlIn allele but not in Caucasians [20]. Data on
Asian women are however based on small sample size.
Studies on Thai women are missing. Therefore, it is unclear
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whether the observed differences by race have a biological
basis and further evidence is needed to make a conclusion
about the potential differences in relative risk by race.

Here, we present data on the association between these
polymorphisms and breast cancer risk in a case-control
study of Thai women. In addition, we determined the
effects of the XRCCI haplotypes and analyzed whether the
combined occurrence of these polymorphisms in genes of
the BER pathway affects breast cancer risk.

Material and methods
Study population

Cases were all new incident breast cancer patients histo-
logically diagnosed at the National Cancer Institute in
Bangkok and at the hospital in Khon Kaen province of
North Eastern of Thailand during the period of May 2002 to
March 2004 [21], with a participation rate of 99.6% (554/
556). Controls were randomly selected from healthy women
who visited patients admitted to the same hospitals for
diseases other than breast or ovarian cancer. The partici-
pation rate among visitors who were asked to participate
was 98.7% (572/579). Informed consent was obtained from
all participants and a structured questionnaire was admin-
istered by trained interviewers to collect information on
demographic and anthropometric data, reproductive and
medical history, residential history, physical activity and
occupation as well as diet. Lifestyle exposure parameters
were reported as follows: tobacco smoking: less than or
equal to 50 cigarettes (non-smoker) versus more than 50
cigarettes over a 6-month period (smoker); involuntary
tobacco smoking: less versus more than or equal to 1 h of
exposure per day during the last 2 years (sum of three
sources: from the spouse, at the workplace or in public
settings); alcohol consumption: less versus more than or
equal to once a week for at least 6 months. Approximately
7 ml of blood were collected from participants, but 45 cases
and 149 controls refused to give blood samples. In total,
blood samples of 507 cases and 425 controls were included
in the genotype analysis, resulting in a participation rate of
91.2% (cases) and 73.4% (controls). Genomic DNA was
isolated from buffy coats using a QIAmp DNA blood kit
(Qiagen, Hilden, Germany). The study was approved by the
ethical review committee for research in human subjects,
Ministry of Public Health, Thailand.

Genotyping analysis

Detection of polymorphisms was performed by rapid cap-
illary PCR followed by melting curve analysis using
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fluorescence labeled hybridization probes in a LightCycler
(Roche Diagnostics, Mannheim, Germany) as described
[22]. Primers and probes were designed with the help of
Tib Molbiol (Berlin, Germany), and are given in Table 1.

Analysis was performed in 10-pl volumes in glass
capillary tubes (Roche Diagnostics) with Qiagen reagents:
1x PCR Buffer, 2.5 mM total MgCl,, 0.2 mM dNTPs,
0.1% bovine serum albumin in 2 mM Tris—-HCl/2.5 %
glycerol, 1x Q-solution (not for APEXI Asp148Glu), 0.1 U
Taq DNA polymerase, 0.5 pM of each primer, 0.15 pM of
each probe and 10 ng of DNA. For APEX] Aspl48Glu,
2 uM of anchor and sensor were used. Reaction conditions
were as follows: initial denaturation at 95°C for 3 min,
then 40 cycles of denaturation at 95°C for 15 s, annealing
at 58°C (OGGI Ser326Cys, APEXI Aspl48Glu, XRCCI1
Argl94Trp and Arg280His), or 55°C (XRCCI Arg399Gln)
for 10 s and elongation at 72°C for 12 s. Melting curve
analysis was performed with an initial denaturing step at
95°C for 30 s, 20 s at 40°C, slow heating to 75°C with a
ramping rate 0.2°C/s and continuous fluorescence detec-
tion. Genotypes were assigned by comparing melting

curves of unknown samples with those of samples with
known (sequenced) genotype. A negative control contain-
ing all reagents but with water instead of the DNA template
was included to each amplification. Melting points were
evaluated by two independent observers who were unaware
to the clinical diagnosis. In addition, 15% of randomly
selected samples were repeated independently to verify
genotyping results and 100% concordance was found.
Because of an inadequate amount of DNA, a few samples
did not generate complete information for all
polymorphisms.

Data analysis

Breast cancer patients were compared with controls for
basic demographic and lifestyle characteristics. Genotypes
of both cases and controls were tested as to whether they
were in Hardy-Weinberg equilibrium using the y*-test of
goodness of fit with one degree of freedom, with respect to
the distribution of the considered allele groups. Because the

Table 1 Primers and probes for
genotyping of single-nucleotide

polymorphisms (dbSNP ID)

Gene and polymorphism

Sequence of primer and probes®

XRCCI Argl94Trp

(C26304T)
(rs1799782)

XRCCI Arg280His

(G27466A)
(rs25489)

XRCCI Arg399GIn

(G28152A)
(rs25487)

APEX] Aspl48Glu

(T2197G)
(rs3136820)

OGG] Ser326Cys
(C9072G)
* F, forward primer; R, reverse (rs1052133)
primer; S, sensor; A, anchor;

F: 5-TACTGACCTTGCGGGACCTTA-3"

R: 5°-TACCCTCAGACCCACGAGTCTA-3"

S: 5°-TGTCTTGTTGATCCAGCTGAAGAAG- FITC -3°

A: 5°-LCRed640-AGCCCCCGGCCTCAGAGAGTTGGp-3"

F: 5°-GCTGGGGCCTGGATTG-3"

R: 5°-GCACCACTACCACACCCTGAA-3"

S: 5°-TGCCAGCTCCAACTCATACCCC- FITC -3°
A:5°-LCRed640-CCACAGCCCCAGTCCCTGCCCGp-3"

F: 5-CCCCAAGTACAGCCAGGTC-3"

R: 5°-TGTCCCGCTCCTCTCAGTAG-3"

S: 5°-CCCTCCCAGAGGTAAGGCC- FITC -3

A: 5°-LCRed640-CACACGCCAACCCTGCTCCTTATp-3"

F: 5°-CTTGATTGCTTTCCCTTTTCTTA-3"

R: 5°-CGCTGCCGGTACTCCA-3"

S: 5°-LCRed640-TGCTCCTCCTCGCCTATAGAAATGApP-3"
A: 5°-CACAATCACCCGGCCTTCCTGATC-FITC-3"

F: 5-CCCAACACTGTCACTAGTCTCA-3"

R: 5°-TTGGGGAATTTCTTTGTCCA-3"

S: 5°-CGCCAATCCCGCCATGCTCA- FITC -3
A:5°-LCRed640-CCACCAGCAAAGCGCAGAAAGGGp-3°

mutation site is shaded
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XRCCI1 208His allele is uncommon in this population,
individuals with genotypes Arg/His and His/His were
combined into one group as 208His allele carriers and
compared with Arg/Arg homozygotes as the reference.

For analyzing the association of breast cancer risk with
polymorphisms, odds ratios (ORs) and their 95% confi-
dence intervals (CI) were calculated and assessed for
statistical significance according to [23], both as crude ORs
and as adjusted ORs. Multivariate unconditional logistic
regression analysis was performed to assess the association
between occurrence of breast cancer and prevalence of
polymorphisms and to adjust for potential confounders.
Covariates were selected when either being significant in
the univariate analysis at the level of 5% or when being
considered as relevant factor for the occurrence of breast
cancer in general. Family history of breast cancer (FH),
menopausal status, use of contraceptives, and education
(<9 years, >9 years) were incorporated in the model as
binary predictors. Alcohol consumption, active and invol-
untary smoking were combined into one binary variable
“hazardous lifestyle” (0 = no regularly alcohol consump-
tion and no active and no involuntary smoking, 1 = else).
In the analysis of all subjects, reproduction was a combi-
nation of pregnancy and breast-feeding in five categories:
non-pregnant, age at Ist pregnancy <22 years and non
breast-feeding, age at Ist pregnancy <22 years and breast-
feeding, age at Ist pregnancy >22 years and non
breast-feeding, age at 1st pregnancy >22 years and breast-
feeding. To deal with possible non-linearity, continuous
predictors (age, body mass index [BMI] and age at men-
arche) were modeled by using fractional polynomials [24].
Finally, ORs resulted from multivariate logistic regression
model including age (non-linear), BMI, FH, age at men-
arche, reproduction parameters (5 classes), menopausal
status, use of contraceptives, hazardous lifestyle, and
education.

Possible interaction effects for age x BMI, polymor-
phism X hazardous lifestyle, polymorphism x BMI, and
polymorphism X reproduction were tested by introducing
an interaction term into the logistic regression model
using the standard Wald test. Significance level alerting
was set to 0.1 in accounting for the lower power to test
for interaction compared to testing for single covariate’s
effects.

In addition, subgroups based on menopausal status were
analysed. Here, reproduction was categorized as non-
pregnant, age at lst pregnancy <22 years, and age at Ist
pregnancy >22 years. Thus, ORs in subgroups were
adjusted by age (linear), BMI, FH, age at menarche,
reproduction parameters (three classes), use of contracep-
tives, hazardous lifestyle, and education. Statistical
analyses were performed using the statistical packages SAS
(SAS Institute, Cary, NC) for Windows Version 9.
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Linkage disequilibrium between the different markers in
XRCCI was estimated using the “Estimating Haplotypes”
program [25, 26]. Haplotypes pairs of XRCCI were
reconstructed using the PHASE V2.1 online software [27].
The haplotype specific risks were investigated by univari-
ate and multivariate logistic regression analysis as
described for the single nucleotide polymorphisms using
the most probable haplotype pairs yielded by the PHASE
software.

To evaluate the potential combined effects of XRCCI
Arg399GIn, APEX] Aspl148Glu, and OGGI Ser326Cys on
breast cancer risk, the number of homozygous variant
alleles per individual was introduced in the model and
crude as well as adjusted ORs were calculated.

Results

Characteristics of the study population were compared
by case-control status, as shown in Table 2. The mean age
of controls (45.3 + 12.2 years) was significantly lower
(P < 0.01) than that of breast cancer patients (48.0 +
10.0 years). Pregnancy, breast feeding, BMI, involuntary
tobacco smoking, FH, and education were different
between cases and controls. However, as to oral contra-
ceptive use, menopausal status, smoking, and alcohol
consumption, no significant differences were found
between cases and controls.

Frequencies of the variant alleles were 0.31 (XRCCI
194Trp), 0.07 (XRCC1 280His), 0.23 (XRCCI 399GlIn),
0.34 (APEX1 148Glu) and 0.50 (OGG1 326Cys) in controls
(Table 3). Genotype frequencies were in Hardy-Weinberg
equilibrium in both cases and controls. In XRCCI
Arg280His, only 3 cases and 2 controls were found to be
homozygous for the His allele. Thus, carriers of Arg/His
and His/His were combined for further analysis and com-
pared to Arg/Arg carriers as the reference.

Univariate and multivariate logistic regression analysis
of the overall effect of the polymorphisms (Table 3) did
not give evidence that the XRCCI 194Trp, 280His, and
399GIn alleles were associated with breast cancer (OR =
0.70, 95% CI 0.42-1.14; OR = 1.30, 95% CI 0.88-1.93;
and OR = 1.80, 95% CI 0.99-3.29). However, the APEX1
148Glu allele showed a significantly protective effect on
breast cancer risk (OR = 0.60, 95% CI 0.38-0.94) when
adjusted for age, BMI, family history of breast cancer, age
at menarche, reproduction parameters (five classes), men-
opausal status, use of contraceptives, hazardous lifestyle,
and education. For the OGGI Cys/Cys genotype, an
adjusted OR of 1.42 was calculated (95% confidence limits
0.97-2.09). No interaction effects were observed between
age and BMI, as well as between polymorphisms and
hazardous lifestyle, BMI, or reproduction (P > 0.85).
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cT}?a};Litzeriftei}zzC:)efdstu dy Characteristics Cases Controls P-value
population Age, n (mean + SD) 507, (48.0 = 10.0) 425, (453 + 12.2) <0.01
Age at menarche, n (mean + SD) 501, (149 = 1.9) 425, (14.8 £ 1.8) 0.41
Age at menopause, n (mean + SD) 235, (47.1 £ 5.3) 177, (46.8 = 5.1) 0.49
Age at 1st pregnancy, n (mean = SD) 391, 23.0£5.4) 295, (22.8 £5.0) 0.67
Pregnancy (n = 932), n (%)
No 116 (22.9%) 130 (30.6%) <0.01
Yes 391 (77.1%) 295 (69.4%)
Breast feeding (n = 686), n (%)
No 45 (11.5%) 20 (6.8%) 0.04
Yes 346 (88.5%) 275 (93.2%)
Oral contraceptive use (n = 932), n (%)
No 283 (55.8%) 256 (60.2%) 0.17
Yes 224 (44.2%) 169 (39.8%)
Menopausal status (n = 932), n (%)
Premenopausal 268 (52.9%) 245 (57.6%) 0.14
Postmenopausal 239 (47.1%) 180 (42.4%)
Body mass index (kg/m?)
n (mean + SD) 506 (24.2 + 4.0) 425 (23.1 £ 4.0) <0.01
Tobacco smoking (n = 932), n (%)
No 493 (97.2%) 419 (98.7%) 0.18
Yes 14 (2.8%) 6 (1.4%)
Involuntary smoking (n = 912), n (%)
No 440 (89.3%) 395 (94.3%) <0.01
Yes 53 (10.7%) 24 (5.7%)
Alcohol consumption (n = 932), n (%)
No 471 (92.9%) 403 (94.8%) 0.28
Yes 36 (7.1%) 22 (5.2%)
Family history of breast cancer in first- degree relatives (n = 932), n (%)
No 488 (96.3%) 419 (98.6%) 0.03
Yes 19 (3.7%) 6 (1.4%)
Education (n = 931), n (%)
<9 years 374 (73.9%) 238 (56.0%) <0.01
>9 years 132 (26.1%) 187 (44.0%)
Study area (n = 932), n (%)
Bangkok 292 (57.6%) 251 (59.1%) 0.65
Khon Kaen 215 (42.2%) 174 (40.9%)

In the subgroup analysis based on menopausal status
(Table 4), no effect of the polymorphisms was seen in
premenopausal women, whereas there was a significant
increase in breast cancer risk among postmenopausal
women homozygous for the 326Cys variant of OGGI
(OR = 2.05, 95% CI 1.14-3.69). The other polymorphisms
did not contribute significantly to breast cancer risk in
postmenopausal women.

A strong association (linkage disequilibrium) was found
among the three XRCCI polymorphisms in codon 194, 280
and 399 (P-value < 0.0001) in cases and in controls.
Reconstruction of haplotypes yielded four haplotypes

which were called CGG (Argl194/Arg280/Arg399), CGA
(Arg194/Arg280/GIn399), CAG (Argl194/His280/Arg399),
and TGG (Trp194/Arg280/Arg399). Haplotype frequencies
in the overall study population were 36% for CGG
(n =673), 26% for CGA (n=572), 7% for CAG
(n = 140), and 31% for TGG (n = 475). The haplotypes
with the variant sequence in all three loci (TAA) or in two
loci (TAG, TGA, or CAA) did not occur. In addition,
haplotype pairs were calculated for each individual
(Table 5) and the association between haplotype-pair
(diplotype) and breast cancer risk was analyzed. In total, 10
diplotypes occurred, the diplotype CAG/CAG was
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Table 3 Associations between XRCC1, APEXI, and OGGI polymorphisms and breast cancer

Genotype Cases n (%) Controls n (%) Crude OR (95%CI) P-value Adjusted OR?* (95%CI) P-value
Subjects analyzed 507 (100) 425 (100)
XRCCI Argl94Trp®
Arg/Arg 239 (47.2) 202 (47.5) 1.00 (reference) 1.00 (reference)
Arg/Trp 228 (45.1) 179 (42.1) 1.08 (0.82-1.41) 0.594 1.08 (0.81-1.44) 0.594
Trp/Trp 39 (7.7) 44 (10.4) 0.75 (0.47-1.20) 0.228 0.70 (0.42-1.14) 0.152
Trp allele frequency 0.30 0.31
Hardy-Weinberg® 0.13 0.64
XRCC1 Arg280His
Arg/Arg 431 (85.0) 366 (86.1) 1.00 (reference) 1.00 (reference)
Arg/His + His/His 76 (15.0) 59 (13.9) 1.09 (0.76-1.58) 0.633 1.30 (0.88-1.93) 0.190
His allele frequency 0.08 0.07
Hardy-Weinberg® 0.96 0.89
XRCCI Arg399GIn®
Arg/Arg 268 (52.9) 246 (58.0) 1.00 (reference) 1.00 (reference)
Arg/Gln 201 (39.6) 158 (37.3) 1.17 (0.89-1.53) 0.262 1.20 (0.90-1.60) 0.211
Gln/Gln 38 (7.5) 20 (4.7) 1.74 (0.99-3.10) 0.055 1.80 (0.99-3.29) 0.056
Gln allele frequency 0.27 0.23
Hardy-Weinberg® 0.97 0.40
APEX1 Aspl48Glu
Asp/Asp 250 (49.3) 194 (45.7) 1.00 (reference) 1.00 (reference)
Asp/Glu 208 (41.0) 176 (41.4) 0.92 (0.70-1.21) 0.537 0.93 (0.69-1.25) 0.630
Glu/Glu 49 (9.7) 55 (12.9) 0.69 (0.45-1.06) 0.091 0.60 (0.38-0.94) 0.026
Glu allele frequency 0.30 0.34
Hardy-Weinberg® 0.55 0.13
OGGI Ser326Cys"
Ser/Ser 112 (22.1) 104 (24.5) 1.00 (reference) 1.00 (reference)
Ser/Cys 232 (45.9) 217 (51.2) 0.99 (0.72-1.37) 0.965 0.95 (0.67-1.34) 0.763
Cys/Cys 162 (32.0) 103 (24.3) 1.46 (1.02-2.10) 0.041 1.42 (0.97-2.09) 0.073
Cys allele frequency 0.55 0.50
Hardy-Weinberg® 0.10 0.63

a

OR adjusted for age (non-linear using fractional polynomial functions), body mass index, age at menarche, family history of breast cancer,

reproduction parameters (five classes), use of contraceptives, menopausal status, hazardous lifestyle, and education. Only patients with complete

information were used for unconditional logistic regression analysis
" For missing samples, no PCR product was obtained

¢ P-value from Chi-square test

combined with CAG/TGG because of the small sample
size of these two groups. For regression analysis, the
diplotype CGG/CGG which consists of the wild type
sequence in all loci was selected as reference. A signifi-
cantly increased risk for breast cancer was found for
individuals carrying the CGG/TGG, CGA/CGA, CGA/
CAG and the CAG/CAG combined with CAG/TGG dipl-
otype. The strongest effect was seen for CGA/CGA
(Arg194/Arg280/GIn399) with an OR of 2.56 (95% CI
1.28-5.15; P = 0.008).

As already mentioned, the three genes analyzed in this
study are involved in the BER pathway. We therefore
explored the combined effects of variant alleles in these
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genes on breast cancer risk. The analysis concentrated on
individuals that were homozygous for the variant alleles
because these individuals exhibited stronger effects of
these alleles compared with heterozygous individuals for
whom ORs were close to 1 (Table 3). As the results of the
XRCCI diplotype analysis showed the strongest effect for
the haplotype with the wild type sequence at the 194 and
280 loci, and the 399GIn variant at the third locus, the
variant allele of XRCCI 399GIn was selected for combi-
nation analysis. For APEX] Asp148Glu, the 148Asp allele
was designed as the risk allele because the Glu variant
showed a protective effect. The reference population con-
sisted of all individuals who were not homozygous for any
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Table 4 Associations between XRCCI, APEXI, and OGGI polymorphisms and breast cancer stratified by menopausal status
Genotype Premenopausal women Postmenopausal women
Cases/controls OR® (95% CI) P-value Cases/controls OR? (95%CI) P-value

Subjects analyzed 268/245 239/180
XRCC1 Argl94Trp

Arg/Arg 124/122 1.00 (reference) 115/80 1.00 (reference)

Arg/Trp 121/100 1.23 (0.83-1.82) 0.302 107/79 0.92 (0.60-1.42) 0.716

Trp/Trp 23/23 0.88 (0.45-1.73) 0.705 16/21 0.55 (0.26-1.16) 0.116
XRCC1 Arg280His

Arg/Arg 232/207 1.00 (reference) 199/159 1.00 (reference)

Arg/His + His/His 36/38 0.99 (0.58-1.70) 0.977 40/21 1.71 (0.94-3.10) 0.077
XRCCI Arg399GIn

Arg/Arg 150/142 1.00 (reference) 118/104 1.00 (reference)

Arg/Gln 101/92 1.05 (0.71-1.55) 0.810 100/66 1.30 (0.84-2.00) 0.236

GlIn/Gln 17/10 1.45 (0.60-3.52) 0414 21/10 1.84 (0.79-4.28) 0.157
APEX] Aspl148Glu

Asp/Asp 135/114 1.00 (reference) 115/80 1.00 (reference)

Asp/Glu 110/105 0.91 (0.61-1.35) 0.632 98/71 1.00 (0.64-1.56) 0.992

Glu/Glu 23/26 0.62 (0.32-1.21) 0.158 26/29 0.58 (0.31-1.10) 0.091
OGG1 Ser326Cys

Ser/Ser 59/59 1.00 (reference) 53/45 1.00 (reference)

Ser/Cys 125/120 0.92 (0.58-1.48) 0.741 107/97 0.97 (0.58-1.61) 0.900

Cys/Cys 84/66 1.13 (0.67-1.91) 0.636 78/37 2.05 (1.14-3.69) 0.016

2 Only patients with complete information were used for unconditional logistic regression analysis. OR were adjusted for age (linear), body
mass index, age at menarche, family history of breast cancer, reproduction parameters (three classes), use of contraceptives, hazardous lifestyle,

and education

Table 5 Associations between diplotypes of XRCC1 and breast cancer

Diplotype® Cases n Controls n Crude OR(95% CI) P-value Adjusted OR" (95% CI) P-value
CGG/CGG 52 60 1.00 (reference) 1.00 (reference)

CGG/CGA 94 78 1.39 (0.86-2.24) 0.176 1.66 (1.00-2.76) 0.049
CGG/CAG 26 27 1.11 (0.58-2.14) 0.752 1.45 (0.72-2.92) 0.300
CGG/TGG 126 98 1.48 (0.94-2.34) 0.090 1.65 (1.02-2.68) 0.042
CGA/CGA 38 20 2.19 (1.14-4.23) 0.019 2.56 (1.28-5.15) 0.008
CGA/CAG 26 15 2.00 (0.96-4.18) 0.065 2.20 (1.02-4.77) 0.045
CGA/TGG 81 65 1.44 (0.88-2.36) 0.150 1.64 (0.97-2.76) 0.065
CAG/CAG and CAG/TGG 24 17 1.63 (0.79-3.36) 0.186 2.78 (1.25-6.20) 0.013
TGG/TGG 39 44 1.02 (0.58-1.81) 0.938 1.09 (0.60-1.99) 0.779

* CGG (Argl194/Arg280/Arg399), CGA (Arg194/Arg280/GIn399), CAG (Arg194/His280/Arg399), TGG (Trp194/Arg280/Arg399)

" OR were adjusted for age (non-linear using fractional polynomial functions), body mass index, age at menarche, family history of breast
cancer, reproduction parameters (five classes), use of contraceptives, menopausal status, hazardous lifestyle, and education. Only patients with

complete information were used for unconditional logistic regression analysis

of the three risk alleles. Table 6 summarizes the joint
effects of the XRCC1 399GIn, APEX] 148Asp and OGGI
326Cys alleles on breast cancer risk when carriers are
homozygous for one and more of these variants. Both crude
and adjusted ORs were significantly enhanced for carriers
of two or three homozygous risk alleles (OR = 1.88, 95%
CI 1.26-2.82; P = 0.002).

Discussion

This study investigated possible associations between five
polymorphisms in BER genes (OGGI Ser326Cys, APEX]
Aspl48Glu, XRCC1 Argl94Trp, XRCCI Arg280His, and
XRCCI Arg399Gln) and breast cancer risk for the first time
in Thai women. Frequencies obtained among controls for
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Table 6 Breast cancer risk in individuals homozygous for more than one variant allele: Joint effects of variants in base excision repair (XRCCI

399GIn, APEX] 148Asp, and OGGI 326Cys)

Homozygous variant alleles per individual ~ Cases Controls Crude odds ratio Adjusted odds ratio®

n (%) n (%) OR 95% CI P-value OR 95% CI P-value
0 174 (34.4) 173 (40.9) 1.00 (reference) 1.00 (reference)
1 225 (44.5) 191 452) 1.17  0.88-1.56 0.278 1.17  0.87-1.60 0.308
2 99 (19.6) 58 (13.7) 1.70  1.15-2.50 0.007 176 1.17-2.66 0.007
3 8 (1.6) 1(0.2) 793  0.98-63.99  0.052 8.80  1.05-73.9 0.045
2or3 107 (21.2) 59 (14.0) 1.80  1.23-2.64 0.002 1.88 1.26-2.82 0.002

* OR were adjusted for age (non-linear using fractional polynomial functions), body mass index, age at menarche, family history of breast
cancer, reproduction parameters (five classes), use of contraceptives, menopausal status, hazardous lifestyle, and education. Only patients with

complete information were used for unconditional logistic regression analysis

the rare alleles of all polymorphisms were consistent with
frequencies found among other Asian populations [19].
Our data also confirmed that the XRCCI 194Trp and the
OGGI 326Cys alleles are more frequent among Asians
than among Caucasians. These differences may account for
a different contribution of these polymorphisms to breast
cancer in Asians, and especially in a Thai population.

All polymorphisms investigated were suggested recently
to modify BER activity by correlating various cellular
endpoints with genotype (see Introduction). Reduced BER
capacity elongates the persistence of oxidative DNA
damage in breast epithelial cells and may thus increase the
mutational load in these cells and contribute to breast
cancer risk.

We found no association between XRCCI Argl94Trp
and Arg280His and breast cancer risk among Thai women.
Although studies on Argl94Trp had contradictory out-
comes, our result corresponds to risk estimates obtained by
meta-analyses for Arg194Trp [19, 20] which showed that
this polymorphism did not modify breast cancer risk
regardless of ethnic origin. The Arg280His polymorphism
is a very rare allele in both Caucasian and Asian popula-
tions. Therefore, only few studies have determined this
polymorphism and can be compared with our data. For
Caucasians, an 80% increased risk for carriers of the
280His allele was reported [28] but this increase was not
confirmed by two other studies [20, 29]. For Asians, two
small studies, one from India (123 cases/123 controls) and
one from China (84 cases/252 controls), did not find an
association between Arg280His and breast cancer risk [30,
31].

Studies on the role of XRCCI Arg399GIn in breast
cancer risk have been summarized by meta-analyses [19,
20]. An effect of this polymorphism was found only when
different ethnicities were analyzed separately. Summariz-
ing 4 studies with Asian populations (1567 cases/1643
controls) [20] revealed a significant increase of risk among
Asian carriers of the homozygous Gln variant of 60%

@ Springer

(OR = 1.6, 95% CI 1.1-2.4). In the Thai population, the
GIn/Gln genotype was also more frequent in cases than in
controls (P = 0.056). Although our data are not significant,
they support that XRCCI Arg399GIn can modulate breast
cancer risk in Asian women. This effect was still empha-
sized when we assessed the associations between the three
polymorphisms determined in XRCCI and breast cancer
risk based on diplotypes. Among the 10 diplotypes present
in our population, we found the strongest effect, a 2.5-fold
increase in risk, in individuals with the CGA/CGA diplo-
type. These individuals carry the wild type sequence in
positions 194 and 280, but the variant Gln in position 399.

For OGGI Ser326Cys, we found a two-fold, signifi-
cantly increased risk for breast cancer in postmenopausal
women with the Cys/Cys genotype. This is in contrast to
three studies among Caucasians [20, 32, 33] and two
studies among Asians [34, 35] which did not find an
association of this polymorphism with breast cancer risk in
the overall population and in the subgroup analysis
according to menopausal status. There is however strong
evidence that risk factors differ in pre- and post-meno-
pausal women and it is plausible that factors interacting
with this polymorphism in determining breast cancer risk
also have a different role in the subgroups [2]. The
increased risk we observed for the OGGI Cys/Cys geno-
type is supported by detailed biochemical studies with the
two variant enzymes. They found that the 326Cys-Oggl
protein has a sevenfold lower activity for repairing
8-oxoguanine, altered substrate specificity and anomalous
DNA binding conformation [36-38]. These functional
alterations indicate a reduced repair activity for the variant
allele and may contribute to the association of the poly-
morphism with breast cancer risk. Effects might become
visible mainly in postmenopausal women who are older
and lived with the OGGI-related repair insufficiency for a
longer time. The differences to other studies may be related
to the heterogeneous nature of exposure to breast carcin-
ogens within study populations. As we have however no
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clear data in our study that can be used to assess internal
and external exposure to reactive oxygen species, our
results need further validation.

To our knowledge, only one recent study examined the
role of APEXI Aspl48Glu and risk of breast cancer [20].
This study did not find an association with breast cancer risk
among non-Hispanic white Americans. In contrast, a sig-
nificant protective effect of APEXI 148Glu allele was
observed in our Thai study which is the first report on Asian
women. Little is known about how APEXI Aspl148Glu
affects DNA repair function. Characterization of the iso-
lated variant proteins showed that APEX! Asp148Glu had
no impact on endonuclease and DNA binding activities
[39]. However, an increasing number of variant alleles of
APEX] Aspl48Glu and XRCCI Arg399GIn was signifi-
cantly associated with prolonged cell cycle delay in G2
phase and decreased DNA repair capacity after y-irradiation
[14, 16]. Both conditions impede correct mitosis, and cells
might thus favor cell death by apoptosis instead of prolif-
erating with insufficiently repaired genome and potential
accumulation of mutations. Therefore, the APEXI 148Glu
allele might reduce breast cancer susceptibility as observed
in our study. Nevertheless, our result needs further confir-
mation by additional case-control studies and functional
investigations.

An individual’s BER activity is characterized by more
than one genetic variant. Although the functional impact of
a single gene variant with low penetrance might be very
limited, the interaction of several variant proteins with
slightly reduced functional activity might sum up to a
significant decrease in repair activity and an increased
cancer risk. The analysis of the joint effects of the risk
variants in the three BER genes XRCCI, APEXI, and
OGG] revealed in fact a nearly two-fold increased risk for
breast cancer in individuals homozygous for two or more
variant alleles. It would therefore appear reasonable to
hypothesize that those BER gene variants may be risk
alleles for breast cancer and simultaneously contribute to
higher cancer susceptibility. We are nevertheless aware
that the polymorphisms studied here still do not give the
complete information about variability in gene function. To
study the relevance of BER on breast cancer risk in more
detail, comprehensive analyses should include polymor-
phisms in all known BER genes.

Our risk estimates took into consideration several risk
factors known from literature to affect the gene-risk asso-
ciation including age, reproductive parameters, hormonal
use, and hazardous lifestyle [2]. Some of these risk factors
were considerably different between cases and controls in
our study (Table 1). This is in accordance with previous
studies of breast cancer [2], with the exception of preg-
nancy and education: More cases had children than
controls, but pregnancy is estimated as being protective,

and controls were more highly educated than cases. As
both criteria were not used in patient recruitment as
inclusion criteria, these differences might have happened
by chance. They were, however, considered in our multi-
variate regression analysis as adjustment factors together
with other covariates differing in our population or being
especially important risk factors. One example is age that
was different among cases and controls in our study.
Therefore, we adjusted for this difference by modeling age
as an exponential variable in the logistic regression model.
The multivariate regression analysis for age only, for the
complete model including all covariates, and the interac-
tion analysis revealed that they had only a minor effect on
the risk estimate for the polymorphisms. Thus, our results
were robust to different model adjustments indicating that
the risk contribution of genetic variants is moderate but not
affected by the known strong breast cancer risk factors
such as pregnancy, breast feeding and family history of
breast cancer.

In conclusion, we have demonstrated that amino acid
substitution variants of OGG1, APEX] and XRCCI genes,
particularly in combination, are associated with increased
susceptibility to breast cancer among Thai women.
Although our study is larger in sample size than other
studies among Asian populations, further epidemiological
studies are warranted to confirm the role of genetic varia-
tion of BER in breast cancer susceptibility.
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