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Distribution of XRCC1 genotypes in north Indian population
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Background & objectives: XRCC1, a major DNA repair gene, acts as a scaffold of different activities
involved in repair by interacting with components of base excision repair (BER) at the site of damage.
Polymorphisms in this gene are associated with variations in the repair efficiency which might predispose
an individual to cancer risk. To associate a gene polymorphism with disease risk, it is imperative to have
the data for its genotype distribution in normal population. The present study was therefore carried
out to find distribution of XRCCI polymorphisms (codons 194, 280 and 399) in normal north Indian
population.

Methods: Healthy volunteers hailing from north India (150) were enrolled in the study. DNA was isolated
from blood samples and genotyping of codons 194, 280 and 399 of XRCCI gene was done by PCR-
restriction fragment length polymorphism (RFLP), using specific primers.

Results: The frequencies obtained for heterozygous genotype of codons 194 and 399 were 45 and 49 per
cent respectively and were higher than wild and variant genotypes. For codon 280, the highest frequency
(59%) was obtained for the wild genotype. Frequencies of the variant genotypes of codons 194 and 399
were higher in males and females respectively. The allele frequencies also followed the similar trends.

Interpretation & conclusions: A significant distribution of variant and heterozygous XRCCI genotypes
was noticed that warrants further studies on the association between these genotypes and disease risk in
our study population.
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To counteract the deleterious consequences of the
DNA damaging agents, the DNA repair system as a
whole takes care of most of the insults inflicted on a
cell’s vital genetic information, thus repairing DNA
damage and safeguarding genomic integrity'. Base
excisionrepair (BER) pathway, one of the major defense
mechanisms, is generally considered to constitute the
primary defense against lesions generated by ionizing
radiation and strong alkylating agents as well as by
endogenous DNA-damaging agents. X-ray repair cross
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complementing group 1 (XRCCI) is a major gene
involved in DNA repair by BER?, out of more than 20
BER genes identified so far. It is located on chromosome
19q13.2, spans a genetic distance of 32 kb, comprises
17 exons and encodes a protein (XRCC1) of 633 amino
acids having molecular weight of 70 kDa®. XRCCI
has no catalytic activity of its own but it acts both as
a scaffold and a modulator of the different activities
involved in base excision repair by interacting with and
bringing together DNA polymerase B, DNA ligase III,
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poly (ADP-ribose) polymerase in the N-terminal, C-
terminal and central regions of XRCC1, respectively
and polynucleotide kinase at the site of DNA damage*~.
Thus, XRCCI protein provides a physical link between
the incision and sealing steps of the BER process.

As mutations/polymorphisms in DNA repair genes
are associated with variations in the repair efficiency
of DNA damage, this repair deficit may eventually
predispose an individual to cancer risk, birth defects
and a reduced life span®’. Till date, a total of eight
non-synonymous single nucleotide polymorphisms
(SNPs) have been reported in XRCCI but the three
most commonly identified® are in codon 194 (Arg to
Trp), codon 280 (Arg to His) and codon 399 (Arg to
Gln). These variations occurring at the evolutionarily
conserved amino acid residues are thought to result
in altered efficiency of the protein function and have
been associated with cancer risk®. Available literature
on genotype distribution of XRCC1 and its association
with various cancers suggest that the results vary
among different populations studied*'°. The present
study was carried out to gather the preliminary data
on three commonly occurring polymorphisms of
XRCC1 in north Indian population as prior knowledge
of XRCC1 genotype distribution in normal population
is imperative to establish their association with risk of
various diseases.

Material & Methods

Subjects: All consecutive willing subjects showing
no clinical signs to suggest any form of disease were
included in this study after obtaining informed consent.
These were the healthy relatives and attendants of the
patients attending the Hepatology OPD, Postgraduate
Institute of Medical Education and Research,
Chandigarh, hailing from three northern States of India
namely Punjab, Haryana and Himachal Pradesh. Blood
samples (5 ml) were collected in acid citrate dextrose
(ACD) from 150 healthy volunteers (103 males, 47
females; age range of 20-68 yr, median age of 35 yr)
during January 2005 to September 2007. The protocol
of the study was approved by the “Institute Ethical
Committee”. The number of subjects to be enrolled in
this preliminary study was decided so that power of the
study was more than 80 per cent.

Forward and reverse primers for PCR based
genotyping of XRCCI were procured from Sigma
Aldrich Pvt. Ltd., Bangalore, India. All other reagents
for PCR were purchased from Bangalore Genei Pvt.
Ltd., Bangalore, India.

DNA was isolated from the blood samples by the
method of Daly et a/'! and finally suspended in TE buffer
(pH 8.0; 10 mM Tris, 1 mM EDTA). The genotypes
for XRCCI codons 194, 280 and 399 were studied
by PCR-restriction fragment length polymorphism
(PCR-RFLP)". The sequence specific primers from
the coding region designed by Primer3 Input (version
0.3.0)"* were as follows:

Codon 194 forward primer: 5 GCCCCGTCCCAGGTA
3’ Codon 194 reverse primer: 5’
AGCCCCAAGACCCTTTCACT 3’; Codon 399
forward primer: 5° TTGTGCTTTCTCTGTGTCCA
3% Codon 399 reverse primer: 5’
TCCTCCAGCCTTTTCTGATA 3’; Codon 280 forward
primer: 5 CCAGCTCCAACTCGTACC 3’; Codon 280
reverse primer: 5 ATGAGGTGCGTGCTGTCC 3°.

PCR was carried out in 10 pl reaction mixture
consisting of IxPCR buffer (50 mM KCI; 2.5 mM MgCl,;
20 mM Tris HCI, pH 8.4), 200 uM each dNTP, 0.6 ug/
ml of both codons 194 and 399 primers (or 0.8 pg/ml of
codon 280 primers), 100 ng genomic DNA and 0.75U/
ml Taq polymerase (Sigma Chemical Co., USA). Initial
denaturation was carried out at 94°C for 30 sec, annealing
at 64°C for codons 194 and 399 (61°C for codon 280) for
30 sec and synthesis at 72°C for 30 sec. Final elongation
was carried out at 72°C for 10 min. The amplified products
of codons 194 and 399 were then digested with SU of
Mspl (New England Biolabs, Beverly, MA, USA), for
12-16 h at 37°C and resolved on 3 per cent agarose gel.
Codon 280 amplification product was treated with SU of
Rsal (New England Biolabs, Beverly, MA, USA) under
similar conditions and electrophoresed on 4 per cent
agarose gel. 1U corresponds to the amount of enzyme
required to digest 1 pg of lambda DNA in 1 h at 37°C in
50 pl of assay buffer.

Data analysis: The distribution of polymorphism in the
normal subjects was expressed as allele frequency and
genotype frequency. Chi square analysis was done by
using SPSS v13 software to assess the significance of
the distributions among different groups.

Results

The amplification of codons 194 and 399 resulted
in the product of 487 and 595bp respectively. For codon
194, the PCR amplified products upon treatment with
Mspl, yielded the products of 292 and 313bp for wild
and variant forms respectively. However, a product of
174bp was obtained in all samples due to the presence
of an invariant Msp1 restriction site (Fig. 1). For codon
399, the PCR amplified products were digested to 374bp
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and 221bp with Mspl, showing the presence of wild
genotype. However, the samples showing undigested
product of 595bp denoted the presence of variant form
(Fig. 1). The PCR amplified product of 257 bp for codon
280, showed the presence of 241 and 257 bp bands after
Rsal digestion depicting homozygous wild and variant
genotypes respectively (Fig. 2).

The genotype frequency of codon 194 was 19 per
cent for homozygous wild, 45 per cent for heterozygous
and 36 per cent for homozygous variant genotype.
However, in codon 280, genotype frequencies for wild,
heterozygous and variant genotypes were 59, 19 and 22
per cent respectively. The genetic distribution for codon
399 was 32 per cent for wild and for heterozygous and
variant it was 49 and 19 per cent respectively (Table
I). The genotype distributions of XRCCI codons 194
and 399 were consistent with those predicted under
conditions of Hardy-Weinberg equilibrium. Significant
linkage disequilibrium was observed between codons
194 and 399 (P=0.00017).

When the total allele frequency was calculated,
it was revealed that in codons 194, 280 and 399, the
frequencies for wild allele were 0.41, 0.68 and 0.56
respectively. However, for variantallele, the frequencies
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Fig. 1. RFLP analysis of XRCCI codons 194 and 399. Lane M:
100 bp molecular marker; lanes 1-4, 6, 7: heterozygous variant
genotype for codon 194 and homozygous wild genotype for codon
399; lane 5: homozygous variant for codon 194 and heterozygous
variant for codon 399.
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Fig. 2. RFLP analysis of XRCC! codon 280. Lane M: 100 bp DNA
ladder; lanes 1, 3-5: homozygous wild genotype; lane 2: heterozy-
gous variant genotype.

Table I. XRCCI genotype distribution (%) in the subjects
Codon Wwild

Heterozygous Variant

194 28(19) 68 (45)™ 54(36)
280 88 (59) 28 (19)" 64 (22)""
399 48 (32) 74 (49)™ 28 (19)"

Data represented as number of subjects showing respective genotype
(%); ™" P<0.01 ""P<0.001 compared to wild genotype

Table II. XRCC1 allele frequencies”

Codon Wild allele Variant allele
194 0.41 0.58
280 0.68 0.32
399 0.56 0.43

"Specific allele/total alleles studied

were 0.58, 0.32 and 0.43 respectively for codons 194,
280 and 399 (Table II).

Hence, the results obtained in the present study
revealed a significant distribution of frequency of
heterozygous and homozygous variant XRCCI
polymorphisms in North Indian population. This is
particularly important in case of codon 194, for which
the variant allele is observed to be widely distributed.

Discussion

Amongst the DNA repair pathways, BER is
generally believed to constitute the primary defense
against single-strand breaks formed by various
endogenous and exogenous DNA-damaging agents*.
XRCCI gene has been found to play a pivotal role
in the multistep BER pathway. Human XRCC/ is the
first mammalian gene isolated that affects cellular
sensitivity to ionizing radiation'*. The three potential
functional polymorphisms reported in XRCCI have
been implicated in cancer risk like squamous cell
carcinoma of head and neck, lung cancer, oesophageal
cancer, breast cancer and many more malignancies,
although there is no concrete evidence to associate
their incidence with XRCC1 polymorphisms!>!,

The frequency of codon 194 observed in the present
study was lower for the wild genotype and higher for the
variant genotype as compared to that reported by Chen
et al” in a case-control study conducted in Chinese
population. The authors have reported the frequencies
to be 55.90 and 4.90 per cent for XRCC1I codon 194
homozygous wild and homozygous variant respectively
and for codon 399, 52.5 per cent homozygous wild and
7.1 per cent homozygous variant genotype frequencies
were reported. Various reports from Indian population
reported that frequencies of homozygous wild genotype
of codon 194 lie in the range of 81 per cent to 84 per cent
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in controls'®22, Also, the frequency of the homozygous
variant genotype of codon 194 was reported to be much
lower (0.9-2%) in these studies than that observed in
the present study (36%). The frequency of homozygous
wild genotype of codon 399 as observed in the present
study was comparable with earlier reports from Indian
population'®2, Our results for codon 399 (32% and
19%) were comparable to the genotype frequencies
in Caucasians which were 44 and 14 per cent for
homozygous wild and variant genotypes respectively*.
Two recent studies conducted in north Indian population,
showed that 33.93 and 28.7 per cent controls were
homozygous wild while 16.96 and 13.9 per cent were
homozygous variant*?. Similarly, a study in New
Hampshire, revealed the existence of wild genotype in
40.6 per cent and variant genotype in 16.5 per cent of the
normal subjects?’; the values were 43 and 16 per cent for
the two respective cases in a study conducted in Whites*.
The frequencies were different from that reported in the
Asians where as 57 and 10 per cent respectively for
the wild and variant genotypes for codon 399%. Zhang
et al” in a study conducted in China, showed that for
XRCC1 399 codon, 53.1 per cent normal subjects had
homozygous wild genotype while 8.9 per cent were
homozygous variant. A study from Korea reported that
60 per cent of the subjects were homozygous wild while
4.4 per cent were homozygous variant for codon 399
In another study in Korean population, 6.8 per cent
subjects had homozygous variant genotype for codon
399 and a positive association of this polymorphism was
established with the risk of breast cancer®'.

The genotype distribution (22%) for the variant
form of XRCC/ codon 280 observed in our study
was much higher as compared to its total absence in
Americans®®. However, the codon 280 heterozygous
genotype (19%) in our study matched with that of
the community control subjects (23%) in a study on
nasopharyngeal carcinoma in Chinese population'®. The
frequency of the heterozygous genotype of codon 280
observed in the present study (19%) was comparable to
that reported earlier (14-23%)*-2,

The allele frequency for codon 194 variant allele
(0.58) was slightly higher than that observed in Chinese
and Korean population (ranging between 0.3-0.5)3'32,
However, the frequency observed for codon 399 variant
allele in our study (0.43) was found to be comparable to
that reported in the above mentioned studies. In a study
from Egypt, XRCCI codon 194 and 399 homozygous
variant allele frequencies were reported to be 0.05 and
0.14 respectively®. It was revealed that XRCCI 194

variant allele frequency was 0.27 in Taiwanese, 0.35 in
Chinese and in the Koreans it was not defined, while
the XRCC1 399 variant allele frequencies were 0.26,
0.26 and 0.22 for Taiwanese, Chinese and Korean
population respectively®*. In a study conducted in
Polish, Danish and American populations, XRCCI
allele frequency were 0.05, 0.05 and 0.35 for 194Trp,
280His and 399GIn alleles respectively®. A study in
Taiwanese and North Carolinian populations reported
the allele frequency of homozygous variant in codon
194 to be 0.06, 0.05 and 0.27 among Whites, Blacks
and Taiwanese respectively. However, in codon 280,
it was found to be 0.03, 0.02 and 0.11 respectively,
while in codon 399 it was 0.37, 0.17 and 0.26 for the
respective populations®. Hence, the distribution of
allele frequencies varies among different populations.

In conclusion, our preliminary findings showed
that the XRCC1 genetic polymorphic forms are widely
distributed innorth Indian population. However, the small
number of subjects studied here remains a limitation to
be conclusive regarding the results obtained.
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