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XPD Lys751Gln increases the risk of breast cancer
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Abstract. Breast cancer incidence has been on the increase
in south Indian women. Polymorphisms in DNA repair genes
modify an individual's risk to cancer. XPD (Xeroderma
pigmentosum D), a DNA helicase gene involved in nucle-
otide excision repair and transcription coupled repair, may
affect an individual's DNA repair capacity, particularly that
of bulky adducts. This case-control study (250 breast cancer
cases and 500 healthy controls) aimed to investigate the role
of the XPD Lys751GlIn polymorphism as a risk factor in the
development of breast cancer. Genotyping was performed
using the Taq Man allelic discrimination assay. Immunohisto-
chemistry was used to quantitate the level of polycyclic aromatic
hydrocarbon (PAH) adducts in biopsy samples obtained from
the breast cancer patients. Results showed that the XPD Gin/
Gln genotype was significantly associated with an increased
risk of breast cancer (OR, 1.75; 95% CI 1.02-2.80), particularly
in premenopausal female patients (OR, 2.6; 95% CI 1.33-4.79).
PAH adduct levels were significantly higher in the cases with
breast cancer as compared to the normal breast tissue. This
study reveals that XPD may play a role in increasing breast
cancer risk particularly in premenopausal females.

Introduction

Breast cancer is the second most frequent cause of cancer-
related death among women (1). An increase in the incidence
of breast cancer of almost 200% since 1982 in south Indian
women was noted in the Madras Metropolitan Tumor Registry
(2). The age standardized rate was 30.1/100,000 in 2009 in the
Madras Metropolitan area.

The DNA of an individual is regularly damaged by
endogenous and exogenous carcinogens. Female individuals
at high risk of breast cancer are more likely to achieve subop-
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timal DNA repair (3). The nucleotide excision repair (NER)
pathway is responsible for repairing bulky adducts, and poly-
morphisms in genes involved in the NER pathway may play a
key role in sporadic cancer. Genetic variation in NER genes
modulates the level of DNA damage sustained in response to
carcinogen exposure (4). XPD (ERCC2), involved in the NER
pathway, is a potential low-penetrance cancer susceptibility
gene. Various polymorphisms wre described in the XPD gene,
including those at exons 10 Asp312Asn and 23 Lys751Gin
(5). The Lys751GIn polymorphism, located in the C-terminal
region, undergoes a major change in the conformation of the
respective amino acid in a significant interaction domain of
the protein (6).

Polyaromatic hydrocarbons (PAHs) are potent mammary
carcinogens occurring in humans and experimental animals
(7). Mane et al (8) and Calaf and Russo (9) reported that
PAHs are metabolized in human breast epithelial tissue to
form PAH-DNA adducts. Molecular epidemiologic studies
have associated PAH exposure with the risk of breast cancer
(10,11). Detection of these PAH-DNA adducts in human tissues
serves as a phenotypic marker for the biologic effects of both
carcinogen exposure and host DNA repair capacity (12). The
adduct levels depend on the levels of exposure that cause DNA
adducts, as wll as on individual variations in response to such
exposure, including cellular absorption, distribution, metabolic
activation and detoxification, and DNA repair capacity (13).

A case control study was conducted to verify the role
of the XPD Lys715GIn polymorphism as a risk factor in the
development of breast cancer in south Indian women. using
immunohistochemistry, the allelic frequencies of the XPD
Lys715GIn polymorphism and the possible interaction between
the XPD genotype and PAH adduct levels in breast biopsies
were investigated.

Materials and methods

Patients. The details of the case control study were previously
published (14). Briefly, 250 breast cancer cases and 500 healthy
controls were matched on a five-year age category at a ratio
of 1:2. The inclusion criteria for the healthy controls were:
no prior diagnosis of benign breast diseases; no history of
hysterectomy, mastectomy or oophorectomy; no relatives with
breast, ovarian, endometrial or prostate cancer; no physical
or mental disability which would preclude their participation
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Figure 1. Immunohistochemistry was used to quantitate the PAH adducts using the 5D11 antibody. (A) Breast cancer sample positive for PAH-DNA adducts.

(B) Normal breast tissue stained for PAH-DNA adducts.

Table I. Association of XPD Lys751Gln and breast cancer risk using univariate and multivariate conditional logistic regression

analysis.

Univariate Multivariate
XPD Cases Controls OR 95% CI OR 95% CI
Lys/Lys 107 235 1.00# 1.00#
Gin/Gln 41 51 1.75 (1.02-2.80)° 1.75 (1.05-291)¢
Lys/Gln 102 214 1.05 (0.76-1.45) 1.06 (0.75-1.51)

“Reference category. *p=0.01; °p=0.03; Adjusted for religion, age at menarche, age at first child birth, menopausal status, and consanguineous

marriage. OR, odds ratio; CI, confidence interval.

in the study. Inclusion criteria for the cases were: histological
confirmation of breast cancer and no previous cancer treat-
ment. Informed consent was mandatory for both groups.

Genotyping. XPD Lys751GIn genotyping analysis was
performed using the Taq Man allelic discrimination assay
(Applied Biosystems, Foster City, CA, USA). Primers and
probe mix were obtained directly from Applied Biosystems,
Assays-on-Demand™.

Controls for the analysis of PAH adducts using immuno-
histochemistry (IHC). Formalin-fixed paraffin-embedded
archival samples of a lung tumor from a smoker (more than
30 cigarettes per day) was used as the positive control for
the THC study. The samples showed 100% positivity for the
PAH adduct. Normal breast tissue samples (n=20) included in
the study were collected from patients diagnosed with breast
disease other than a malignancy, such as fibroadenoma or
fibroadenosis. Only normal breast tissue (control) extracted at
a distance from the pathology was included for evaluation.

Quantitation of PAH adducts was studied in 65 breast
cancer biopsy samples using IHC, as described by
Yarborough er al (15).

Scoring of the slides. Tumors were scored for the percentage
of immunoreactive tumor cells and the intensity of nuclear
immunoreactivity. The intensity of staining was graded as:
0, no staining; 1+, weak immunoreactivity; 2+, moderate
immunoreactivity; and 3+, strong immunoreactivity. The
number of tumor cells stained was classified as: 0, no stained

cells; 1+, <25% stained cells; 2+, 25-50% stained cells;
3+, 50-75% stained cells; and 4+, >75% stained cells. The
sums of the scores were obtained, and a cut-off of <3 was used
to classify the samples as negative or positive.

Results

The frequency of the XPD Gln allele in the control population
was 0.316. The proportion of the XPD Gln allele containing the
genotypes was significantly different between the cases (16.4%)
and controls (10.2%). The variant Gln allele was associated with
an increased risk of breast cancer in the univariate (p=0.01) and
multivariate analysis (p=0.03) (Table I). This association was
mainly confined to premenopausal women (univariate-adjusted
OR, 2.6; 95% CI 1.33-4.79, p=0.003; and multivariate-adjusted
OR, 2.73; 95% CI 1.43-5.20, (p=0.002) (Table ITA and B).

Scoring for IHC was based on the staining intensity and
the number of positive cells. Samples with a score >3 were
more likely to be from a tumor than from normal breast tissue
(p=0.005) (Table III).

Since XPD is involved in the NER pathway, and PAH
is cleared by the NER pathway, we studied the genotype-
phenotype correlation of PAH adducts and XPD genotypes.
The normal breast samples (control) analyzed using THC were
genotyped for XPD Lys751Gln polymorphisms and correlated
with the adduct levels in the breast samples. No statistically
significant association between XPD genotypes and the PAH
adduct levels was noted (Table IVA and B). However, the
7 samples with a variant Gln allele and an IHC score of >3
were tumor cases.
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Table II. Association between the XPD polymorphisms and breast cancer cases.
A, Premenopausal women.

Premenopausal Univariate Multivariate
XPD Case Control OR 95% CI OR 95% CI
Lys/Lys 45 138 1.002 1.002
Gln/Gin 25 30 2.60 (1.33-4.79)® 2.73 (1.43-5.20)¢
Lys/GlIn 45 135 1.02 (0.63-1.65) 0.94 (0.57-1.55)
B, Postmenopausal women.

Postmenopausal Univariate Multivariate
XPD Case Control OR 95% CI OR 95% CI
Lys/Lys 61 97 1.00? 1.002
GlIn/Gln 16 21 1.21 (0.69-2.50) 1.38 (0.64-2.98)
Lys/GlIn 57 79 1.15 (0.72-1.83) 1.25 (0.76-2.05)

aReference category. *p=0.003, °p=0.002; *Adjusted for religion, age at menarche, age at first child birth, menopausal status and consanguineous

marriage. OR, odds ratio; CI, confidence interval.

Table III. Association between PAH adduct score and breast
cancer risk.

Table IV. Association of XPD genotypes stratified by PAH-DNA
adducts.

PAH score  Cases Normal tissue OR 95% CI
(control)
<3 24 15 1.002
>3 41 5 5.12 (1.65-15.8)

p=0.005. *Reference category. OR, odds ratio; CI, confidence interval.

Discussion

The Lys751GlIn polymorphism plays a significant role in the
XPD gene due to a major change in the conformation of the
respective amino acid in a significant interaction domain of
the protein (16). Lunn et al (17) studied the functional signifi-
cance of XPD polymorphisms with respect to chromosome
aberrations. These authors determined that individuals with
the Lys/Lys genotype had a higher number of chromatid aber-
rations and sub-optimal repair of X-ray-induced DNA damage
(OR, 7.2; 95% CI, 1.01-87.7). A significant overall association
was noted with regards to breast cancer risk for the carriers
of the XPD Gin variant allele, and this risk was greater in
premenopausal females.

In the present study, only the peripheral blood samples
were collected from the controls for the case control study.
No comparison was made between the adduct levels in the
tumors obtained from the breast cancer patients and the levels
in the normal breast tissue obtained from the controls. We
therefore obtained archival samples of ‘normal’ breast tissue

A, Three or less adducts.

XPD Cases Controls OR 95% CI
Lys/Lys 8 6 1.00# -
Gin/Gln 4 4 0.75 (0.13-4.2)
Lys/Gln 12 5 1.80 (0.40-7.9)
B, More than three adducts.

XPD Cases Controls OR 95% CI
Lys/Lys 15 3 1.00# -
Gin/Gln 7 0 0 0
Lys/Gln 19 2 1.90 (0.28-12.8)

aReference category. OR, odds ratio; CI, confidence interval.

from patients who had undergone breast surgery for non-
malignant breast conditions which were included as ‘normal
breast tissue controls’ for IHC. Although the breast tissue was
morphologically normal, it was obtained from patients who
had pathology in the breast (fibroadenoma and fibroadenosis).
Genotyping was performed from the DNA extracted from the
normal tissues.

No statistically significant association was found between
the genotype and PAH adduct levels in the breast tissue
samples. Terry et al (18) reported a 20% increased risk for
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breast cancer associated with the variant Gln allele and higher
levels of PAH adducts, with the risk being more pronounced
among smokers. Similarly, Tang et al (19) observed higher
DNA adduct levels among breast cancer patients who were
GIn/Gln homozygote carriers (p<0.01). Findings of various
case-control studies showed that XPD 75/ polymorphism
carriers had a significantly or borderline increased risk
of smoking-related cancers (20-22). A recent study in an
Indian population noted that the Gln allele increased both
familial and sporadic breast cancer susceptibility (23). In
their subgroup analysis, the study showed that the risk was
reduced among familial breast cancer patients compared to
sporadic breast cancer patients (OR, 0.61; 95% CI 0.39-0.94;
p=0.024). Brewster et al (24) observed no significant associa-
tion between XPD Lys/Gln polymorphisms and family history
of breast cancer. In their haplotype analysis, Justenhoven et al
(25) showed that carriers of XPD Asp (312)/GlIn (751) had an
increased risk of breast cancer. However, other studies found
no association between breast cancer and XPD Lys751Gln
genotypes (26-30).

In our study population, a significant association was
found between XPD Lys751GIn polymorphisms and breast
cancer and, to some extent, with PAH adducts. No correla-
tion was noted between PAH-DNA adduct levels and genes
involved in DNA repair pathways, particularly the NER
pathway, such as XPD, due to the small number of samples
studied. In contrast to our results, Terry et al (18) reported
that the polymorphism in XPD codon 751 was associated with
a significantly increased breast cancer risk from PAH-DNA
adducts and exposure to cigarette smoking. An increased risk
of breast cancer among smokers may be due to carcinogens
contained in tobacco smoke such as PAHs, aromatic amines
and nitrosamines. In our study population, no case or control
had a smoking habit. Therefore, we speculate that the source
of PAHs was from the diet and environment.

Our findings suggest that XPD 751 polymorphisms play
a role in the predisposition to breast cancer risk. We also
conclude that, in premenopausal women, a constant exposure
of steroid hormones and other environmental carcinogens to
breast cells occurs. This exposure can initiate tumorigenesis
by causing DNA damage. Any defects or alteration in the DNA
repair genes may therefore affect repair mechanisms, thereby
increasing an individual's risk for breast cancer. However, we
did not find any statistically significant association between
the PAH adduct levels, determined semi-quantitatively using
IHC, and XPD 751 polymorphisms, presumably due to the
small number of samples studied.
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