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Abstract: The XRCCI1 gene promotes the efficiency of the DNA repair process and a
deletion or modification of this gene appears to result in lethal phenotypes, as we have
investigated this hypothesis in this study. It was found that Arg280His variant, was
associated with increased risk of head and neck cancer [OR =2.11, 95% CI, 1.28-3.46) in
smokers as compared to nonsmokers. The frequency of Arg/Arg polymorphism was higher
in the smokers (64.82%) and nonsmokers (69.03%) comparzd to the cancer patients (46.6%)
suggesting that this particular mutation may not be adverse genotype, whereas the
heterozygous variant (Arg/His) and homozygous variant His/His were more frequent in the
patients than in the smokers and nonsmokers suggesting that these genotypes were high risk
groups. The distribution of Arg/Arg, Arg/Gln and GIn/Gln genotypes at the Arg399Gin site
for nonsmokers was 44.6, 43.22 and 6.45% and for smokers it was 47.5, 43.4 and 8.96%,
respectively. Individual who smoked =15 years and carried the codon 280 Arg/His genotype
had an OR =2.30, 95% CI, 1.01-5.30 and who smoked less than 15 years had an OR = 1.64,
95% CI, 0.78-3.46, these results suggested that the codon Arg280His genotypes were
associated with high risk of head and neck cancers in heavy smokers.
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INTRODUCTION

Tobacco chewing and smoking have been identified as the major risk factors for head and neck
cancer in India. Tobacco and alcohol account for more than 75% of squamous cell head and neck cancer
(including the nasal passages, sinuses, mouth, throat, larynx (voice box), swallowing passages and
salivary glands), specific carcinogenic mechanisms are unclear. Studies have suggested that genetic
susceptibility plays an impertant role in risk of SCCHN (squamous cell carcinoma of the head and
neck) because even though tobacco and alcohol exposure are the most important risk factor, only small
fraction of smokers will ever develop SCHHN.

Cigarette smoke is a rich source of chemical carcinogens and ROS (Reactive Oxygen Species).
Polycyclic aromatic hydrocarbons, aldehydes, aromatic amines, mtrosamines, ctc., are thought to be
carcinogenic components present in tobacco. But chewing of tobacco with betel quid increases the
concentrations of carcinogenic tobacco specific nitrosamines and reactive oxygen species in the mouth
(Nair ef af., 1999). Metabolites of tobacco and alcohol (Pfeifer ef af., 2002; Phillips, 2002) cause DNA
damage by producing oxidative stress, alkylations, bulky adducts and strand breaks. Altered DNA
repair capacity may increase the risk of various cancers, including head and neck cancer (Cheng ef i,
1998; Hu et al., 2002; Spitz et al., 1989). Carcinogenic components present in tobacco can produce
DNA bulky adducts that may lead to DNA damage (Vineis et al., 1996).
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ROS are present in both the gas-phase and the particulate matter (Pryor, 1997,
Kiyosawa ef af., 1990) and include oxygen radicals, e.g., superoxide radicals (O,*) and hydroxyl radicals
(OH+) and some derivatives of O,» that lack unpaired electrons, ¢.g., hydrogen peroxide (H O, and
hypochlorous acid (HOCI) (Halliwell and Cross, 1994). The accumulation of ROS leads to oxidative
stress, which is a risk factor for cancer development (Bankson ef a/., 1993). ROS can initiate lipid
peroxidation, oxidize proteins and cause damage to DNA indirectly or directly (Joenje, 1989,
Floyd, 1990). Indirect damage includes inactivation of target enzymes, such as those involved in DNA
synthesis (Friedber ef al., 1995). Direct DNA damage includes DNA strand breaks, creation of a basic
sites and base adduct formation, such as thymine glycol, 5-hydrozymethyluracil and 8-hydroxy-
2-deoxyguanosine. Up to 4x10° oxidatively altered DNA base residues are introduced per day in each
cell (Friedber ef al., 1995; Roldan-Arjona ef a., 1997).

There is considerable evidence that DN A repair capacity is genetically determined. Consequently,
DNA repair enzyme gene polymorphism, which may alter the function or efficiency of DNA
repair, may contribute to cancer susceptibility (Spitz, 1997; Knight ef af., 1993, Wu ef al., 1998;
Wei ef af., 1996). Bulky adduct lesions induced by chemical carcinogens are repaired through the
Nucleotide Excision Repair (NER) pathway (Benhamou and Sarasin, 2000). Base damage and DNA
single strand breaks are repaired through the BER (Base Excision Repair) pathway (Wilson and
Thomposn, 1997). This pathway is a multistep process that requires the activity of several proteins
(Friedber er af., 1995). The XRCC1 (¥X-ray Repair Cross-Complementing group 1) protein is an
important component of BER, because it serves as a scaffold for two other proteins, DNA ligase III
and POLB (polymerase [) and also serves as a single-strand break sensor by its interaction with PARP
(poly-( ADP-ribose) polymerase) (Caldecott ef al., 1994, 1996, Masson et al., 1998).

XRCC1 was oniginally discovered in radiation-sensitive mutants and assigned to the double-strand
break/recombination pathway of DNA repair (Zdzienicka, 1995). A BCRT domain found in many
proteins responsive to DNA damage with cell cycle check point functions has also been identified in
XRCC1 (Bork et af., 1997). XRCC1 is thought to form protein complexes with DNA ligase IIT via the
BCRT domain in its COOH terminus and with DNA polymerase B via., its NH;- terminal domain to
repair gaps left during base excision repair (Kubota er af., 1996). Because amino acid residues at the
protein-protein interfaces of multiprotein complexes and residues involved in the active sites play a
role in enzyme function; it is possible that the XRCC1 polymorphism may result in altered efficiency
of the protein.

XRCC1 has been mapped to human chromosome 19q13.2-13.3 (Thompson er /., 1989;
Mohrenweiser et al., 1989) and two polymorphism that lead to amino acid substitutions have been
described in codon 280 (exon 9, base 27466 G to A, Arg to His) and codon 399 (exon 10, base 28152
G to A, Arg to Gln) ( Schneider ef af., 2008; Shen ef al., 1998). Both the polymorphism occur at
residues that are conserved across hamster, mouse and human (Lamerdin et af., 1995) but their
functional consequences remain unknown.

Recent genetic association studies on cancer risk have focused on identifying effects of single
nucleotide polymorphism/haplotypes in candidate genes, among which DNA repair genes are
increasingly studied because of their critical role in maintaimng genome integrity. Some studies have
investigated associations between XRCCI1 variants in DNA repair genes and cancer risk (Yin ef al.,
2007, Hu ef af., 2005). Pachouri et af. (2007) examined the association of a polymorphism in a XRCC1
gene and lung cancer in a case-control study. They observed XRCC1 polymorphism at codon 399 were
found to be protective in the development of lung cancer. The codon 194 Trp/Trp genotype was
associated with a slightly increased risk of lung cancer (Pachouri et af., 2007).

Assays that measure DNA repair capacity suggest hat this function can vary widely
among individuals. Cancer patients have lower DNA repair capacities than healthy controls
(Mohrenweiser and Jones, 1998). This finding supports the hypothesis that variants in DNA repair
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genes could affect cancer susceptibility. In the present study, support the hypothesis that XRCC1
polymorphism could affect the capacity of cells to repair ROS-induced DNA damage and consequently
influence head and neck cancer risk. Using a case-control study, it was tested whether these
polymorphism were associated with head and neck cancer risk and examined gene-envirorment
interactions, by testing whether XRCC1 polymorphism modified the risk effect of cigarette smoking,
a measure of ROS exposure.

Studies have suggested that genetic susceptibility plays an important role in risk of SCCHN
because even though tobacco and alcohol exposure are the most important risk factor, only small
fraction of smokers will ever develop SCCHN.

MATERIALS AND METHODS

Enrolment of Cases and Controls

The present case controlled study comprises of 150 smoker cases with histopathological
confirmed SCC of the head and neck cancers (smokers), 145 non-cancerous smokers and 155 healthy
controls. Both incident and prevalent cases of head and neck cancers were included in this study. All
the patients were recruited from the out-patient department of the ENT- Hospital, Hyderabad from
Jan 2006 to Jan 2008; in this study all 150 cases had SCC of the various head and neck parts. This
study was approved by the institutional ethical committee.

Inclusion and Exclusion Criteria

The inclusion criterion for the cases was the presence of histopathologically diagnosed SCC of
the head and neck cancers. Information on smoking and alcohol habits were obtained in a structured
questionnaire and tabulated. The inclusion criterion for the controls was absence of prior history of
cancer or pre-cancerous lesions. Unrelated healthy controls were recruited from blood donors who
accompanied patient seeking treatment at the hospital and from members of different community
centers. After obtaining informed consent, all individuals were personally interviewed using the
questiormaire. Information on age, gender, occupation, region of origin, type of tobacco used, daily
frequency and duration of use was recorded. Data pertaining to histopathological diagnosis and clinical
staging of the disease was collected from the hospital records. The cases reported habits such as
smoking of bidi or cigarettes. The majority had a single habit some cases reported dual habits
comprising of different combinations of smoking and drinking.

Collection of Blood Samples

Venous blood samples (5 mL) were collected in syringes (heparinised) from patients and control
groups (smokers and healthy controls). Immediately after collection, genomic DNA was extracted and
used for Polymerase Chain Reaction (PCR) to determine the genotypes.

XRCC1 Genotyping

Genomic DNA was isolated from peripheral blood and XRCC1 genotypes at the Arg280His and
Arg399GIn sites were determined by PCR-based restriction fragment length polymorphism as
described by Zhongbin ef af. (2005). The primers for the XRCC1 Arg280His polymorphism were
S'TGGGGCCTGGATTGCTGGGTCTG 3 and 5 CAGCACCACTACCACACCCTGAAGG 3
which generate a 280 bp fragment. The primers for the XRCC1 Arg399GIn polymorphism were 5
TTGTGCTTTCTCTGTGTCCA 3 and S5'TCCTCCAGCCTTTTCTGATA 3°, which generate a
615 bp, fragment. PCR was performed in a 25 plL reaction mixture containing approximately 100 ng
DNA, 1.0 uM each primer, 0.2 mM cach dNTP, 2.0 mM MgCl,, 1.0 U Tag DNA polymerase with
1% reaction buffer and 2% dimethyl sulfoxide. Amplification of the Arg280His site was carried out
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under the following conditions: an initial melting step of 2 min at 95°C, followed by 35 cycles of
30 sec at 94°C, 30 sec at 65°C 45 sec at 72°C and a final elongation of 7 min at 72°C. The reaction
conditions for the Arg399GIn site were identical except that the annealing temperature was 62°C.

The restriction enzymes Rsal and Mspl were used to distinguish the Arg280His and Arg399GIn
polymorphism, respectively. The wild-type Arg280His allele generates a single band representing the
entire 280 bp fragment, the variant allele (His/His) generates 140 bp fragment and the heterozygote
(Arg/His) displays 2 bands (280, 140 bp). Arg399Gln site, the wild-type allele (Arg/Arg) generates
2 DNA bands (377 and 238 bp), the varant allele (Gln/ Gln) has a single 615 bp fragment and the
heterozygote (Arg/Gln) displays all 3 bands (615, 377 and 238 bp). The restriction products were
analyzed by electrophoresis on a 3% agarose gel containing ethidium bromide.

Statistical Analysis

The associations between XRCC1 polymorphism and risk of head and neck cancer were estimated
by Odds Ratios (OR) and their 95% Confidence Intervals {(CI), which were calculated by unconditional
logistic regression. The ORs were adjusted for age, gender and smoking status. All analysis were
performed using the EPI6 software (Epiinfoé CDC). Bonferroni's correction of p-value was evaluated
when multiple comparison analysis was used.

RESULTS

The category of the disease of the patients with head and neck cancer as per the diagnosis of the
oncologists are given here. In this study group of 150 cases found that about 24% were suffering from
cancer of Larynx followed by hypo-pharynx 23.40%, tongue 18%, epiglottis 14%, oropharynx 7.3%,
nasopharynx 6 and 4% had cancer of paranasal sinuses and 3.3% oral cavity. It was found that the
patients were mostly males between the age group of 30 to 80 years. The details of their smoking-bidi
or cigarette habits are given in Table 1.

In Table 1 presented some of the characteristics of cases and controls. Besides age match also
presented smokers in both controls and cases; however there was only a small percentage of female
participation in this study. It was also recorded the number of cigarettes /bidi’s the group was using,
in both controls and cases (Table 1). This data has some correlation with genotypes; hence details were
included.

The Arg280 His variant allele was associated with increased risk of head and neck cancer
(OR = 2.11, 95% (I, 1.28-3.46) compared with smokers and nonsmokers. The frequency of the
Arg/Arg, Arg/His, His/His genotypes (codon 280) was 46.6, 38, 15.3%, respectively. The frequency
Arg/Arg polymorphism were higher in the smokers (64.82%) and nonsmokers {69.03%) compare to
the cases (46.6%). Itis suggested that this may not be the adverse genotype, whereas the heterozygous
variant (Arg/His) and homozygous variant His/His which are more frequent in the cases than in the
smokers and nonsmokers may be the high risk genotype.

Table 1: Characteristics of the study and control group (smokers)

Characteristics Patients Controls
Age (vears) 55.2+0.8 51.3£0.72
Male/female 143.0/7 142/3

Bidi smoking 87.0 (58%) 72 (49.6%)
Frequency 18.5+1.5 18.2+1.8
Duration (years) 15.9£2.5 14.5+1.5
Cigarette smoking 63(42%) 73(50.4%)
Frequency 8.1+£2.0 TEOT
Duration (vears) 22.7+1.3 15.1+0.9
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In logistic regression model the heterozygous variant type (Arg/His) appeared to be a significant risk
factor for SCCHN (OR = 2.07, 95% CI, 1.22-3.53) (Table 3). It was also a significant risk factor
compared to smokers (OR=1.91, 95% CI, 1.11-3.29) (Table 2). The XRCCI1 His/His genotype was
highly significant risk factor compared to smokers (OR =2.81, 95% CI, 1.21-6.62; p=0.007) and
nonsmokers (OR = 5.86, 95% CI, 2.12-17.00; p = 00006). We did not find statistically significant
differences among smokers and nonsmokers with His/His genotypes (OR = 2.09, 95% CI, 0.68-6.68).
But it was found His/His genotype frequency was more in smokers compared to nonsmokers
(Table 4). However, the association between His/His variant genotypes and the risk of developing head
and neck cancers belonging to either category of smokers or nonsmokers group was found to be
higher.

The distribution of Arg/Arg, Arg/Gln and Gln/Gln genotypes at the Arg399GIn site for
nonsmokers was 44.6, 43.22 and 6.45% and for smokers it was 47.5, 43.4 and 8.96%, respectively.
The distribution of the Arg/Arg Arg/Gln genotypes among head and neck cancer cases (44.6%) did not
differ from the controls except Gln/Gln genotype (15.3%). XRCC1 Arg/Gln polymorphism was not

Table 2: XRCC1 genotype frequencies in head and neck cancer cases and controls (smokers)

Patients (%) Smokers (%0)
Genotype (n=150) (n=145) OR (95% CI) vi-value p-value
XRC(C399
Arg/Arg 67(44.6) §9(47.58) 1.00(Ref)* 1.00(Ref) 1.00(Refy
Arg/Gn 60 (40) 63(43.4) 0.98(0.58-1.65) 0.01 0.9379
Gln/Gln 23(15.3) 13(8.96) 1.82(0.804.17) 2.44 0.11
Arg/GIn+-GIn/Gln -~ 83(55.3) T6(52.36) 1.12(0.69-1.83) 0.25 0.61
XRCC-280
ArgfArg FO(46.6) 94(64.82) 1.00(Ref)" 1.00(Ref): 1.00(Refy
Arg/His 57 (38) 40(27.58) 1.91(1.11-3.29) 6.31 0.01
His/His 23(15.3) 11(7.58) 2.81(1.21-6.62) 7.05 0.007
Arg/HistHis/His  80(53.3) 51(35.16) 2.11(1.28-3.46) 9.85 0.0016

(Ref)* used as reference group

Table 3: XRCC1 genotype frequencies in head and neck cancer cases and controls (non-smokers)

Patients (%) Non-smokers (%6)
Genotype (n=150) m=155) OR (95% CI) y2-value p-value
XRCC399
ArgfArg 67(44.T) 78(50.32) 1.0 (Refy* 1.0 (Refy* 1.0 (Refy*
Arg/Ghn §0(40) 67(43.22) 1.04(0.63-1.73) 0.030 86
GIn/Gln 23(15.3) 10(6.45) 2.68(1.12-6.53) 5.930 01
Arg/GIn+Gln/Gln 83(55.3%) 77(49.67) 1.25(0.78-2.02) 0.980 32
XRC(C-280
Arg/Arg 70(46.6) 107(69.03) 1.0(ReD) 1L.O(Ref 1L.O(Ref
Arg/His 57(38) 42(27.09) 2.07(1.22-3.53) 8.31 0.003
His/His 23(15.3) 6(3.87) 5.86(2.12-17.00) 15.91 0.00006
Arg/His+His/His 80(53.3) 48(30.96) 2.55(1.55-4.18) 15.66 0.000075

(Ref)* used as reference group

Table 4: XRCC1 genotype frequencies in smokers and non-smokers

Smokers (%0) Non-smokers (%)
Genotype (n=145) (n=155) OR (95% CI) v2value p-value
XRCC399
Arg/Arg 69(47.58) 78(50.32) 1.0(RefF LORefr LORefr
Arg/Gln 63(43.4) 57(43.22) 0.06(0.64-1.75) 0.06 0.80
Gln/Gln 13(8.96) 10(6.45) 1.47(0.56-3.8%) 0.73 0.39
Arg/GIn+Gln/Gln 76(52.36) 77(49.67) 1.12(0.69-1.80) 0.22 0.635
XRC(C-280
Arg/Arg 04(64.82) 107(69.03) 1.0(Refy LORe LORe
Arg/His 40(27.58) 42(27.09) 1.08(0.63-1.8T) 0.09 0.758
His/His 11(7.58) 5(3.8T) 2.09(0.68-6.63) 2.02 0.1551
Arg/His+His/His 51(35.16) 48(30.96) 1.21(0.73-2.02) 0.60 0.4389

(Ret) used as reference group

62



Int. J. Cancer Res., 5 (2): 58-68, 2009

Table 5: XRCC1 codon 280 and 399 polymorphism and smoking, stratified analysis

Patients (%) Smokers (%0)
Genotype (n=150) (n=145) OR (95% CI) ¥ -value p-value
Heavy smokers 75/65
XRC(C-399
Arg/Arg 34 22 1.0(Ref)y 1.0(Ref)® 1.0(Ref)®
Arg/Gln 24 35 0.44(0.20-1.0) 4.61 0.03
Gln/Gln 17 8 1.38(0.46-4.20) 0.39 0.530
Arg/GIntGIn/Gln 41 43 0.62(0.29-1.30) 1.9 0.166
XRCC-280
ArgfArg 28 40 1.0(Refy 1.0(Ref) 1.0(Ref)
Arg/His 29 18 2.30(1.01-5.30) 4.68 0.03
His/His 18 7 3.67(1.23-11.29) 6.95 0.008
Arg/His+His/His 47 25 2.69(1.28-5.66) 8.17 0.0042
Lesss mokers 75/80
XRCC-399
ArgfArg 33 47 1.0(Refy 1.0(Ref) 1.0(Ref)
Arg/Gln 36 28 1.67(0.81-3.44) 2.29 0.13
Gln/Gln 6 5 1.71(0.41-7.18) 0.70 0.40
Arg/GIn+GIn/Gln 42 33 1.81(0.91-3.61) 3.37 0.06
XRC(C-280
Arg/Arg 42 54 1.0(Ref)y 1.0(Ref)® 1.0(Ref)®
Arg/His 28 22 1.64(0.78-3.44) 1.98 0.159
His/His 5 4 1.61(0.35-7070) 0.46 0.49
Arg/His+His/His 33 26 1.63(0.81-3.31) 2.17 0.14

(Ref)* used as reference group

associated with a higher risk of developing head and neck cancer. Arg/Gln genotype (OR = 0.980, 95%
CI, 0.58-1.61) did not differ from individuals with the Arg/Arg genotype. Association between the
XRCC1 GIn/Gln homozygous variant genotype and the risk of developing head and neck cancer was
found to be significant (OR = 5.86, 95% CI, 2.12-11.0; p-0.01).

The association of XRCC1 Arg280His and Arg399GIn polymorphism and the risk of developing
head and neck cancer were analyzed in the smokers’ category. Decreasing level of smoking constantly
decreased head and neck cancer risk. For example, individuals who smoked >15 years and carried the
Arg/His genotype (codon 280) had an (OR = 2.30, 95% CI, 1.01-5.30) and comparzd to those who
smoked less than 15 years and had an (OR = 1.64, 95% CI, 0.78-3.46), these results suggested that the
Arg280His genotypes were associated with statistically higher risk of head and neck cancers, in high
frequency smokers than in the low frequency smokers (Table 5).

DISCUSSION

DNA repair pathways play a vital role in maintaining genetic integrity and it is becoming clear
that defects in repair pathways are connected to many different types of diseases. DNA repair
systems maintain genomic integrity, in the face of environmental insults, cumulative effects of age and
general DNA replication errors. XRCC1 play a role in the multi step base excision repair pathways
where non bulky base adducts produced by methylation, oxidation, reduction, or fragmentation of base
by ionization radiation or oxidation damages are removed (Yu ez af., 1999). Although the specific
function of XRCC1 has not been identified, itis believed that XRRC1 complexes with DNA ligase 111
via a BRCT (BRCAI1 carboxyl-terminal} domain in COOH terminus and with DNA polymorphism
( in this NH, terminus repairs the gaps left during base excision. The XRRC1 codon 280
polymorphism are located in the linker region that separates the DNA POLB interacting domain from
the PARP interaction domain. The codon 399 polymorphism located in the COOH terminal side of
the PARP interacts with the BRCT domain. Although the 2 polymorphism lead to amino acid
substitution, there is no direct data on the functional consequences.
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Cigarette smoke is a major cause of a variety of malignancies including cancers of the larynx, oral
cavity and pharynx, esophagus, bladder and lung. Numerous studies have consistently shown that
cigarette smoke plays an important role as an environmental etiological factor in the development of
head and neck cancers (Hecht, 2003). Cigarette smoke contains a myrad of genotoxic agents and
carcinogens such as nitrosaming 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK). Some
studies reported that the XRCCI1 399GIn/399GIn genotypes were associated with a decreased cancer
risk among heavy smokers (OR =10.71, 95% CI, 0.51-0.99), but an increased cancer risk among light
smokers (OR = 1.38, 95% CI, 0.99-1.94) (Hung ez &/., 2005). It was also observed a significantly lower
risk of head and neck cancer (OR = 0.44; 95% CI, 0.20-1.0) in heavy smokers and risk among light
smokers (OR =1.67;, 95% CI, 0.81-3.44) carrying the XRCC1 399Arg/Gln genotype. These findings
suggest that the XRCC1 Arg280His polymorphism is associated with the risk of head and neck cancer.
Individuals with the variant allele were at 80% greater risk compared with those with the homozygous
wild-type genotype after adjustment for radon and tobacco exposure. This is a very interesting finding,
but it only relates to the particular genotypes of XRCC1 in this study group and perhaps may not
hold true for other genotypes.

The activation and detoxification of carcinogens and ROS, as well as the repair of the damage
induced by xenobiotics like polycyclic aromatic hydrocarbons, aromatic amines and N-nitroso
compounds, are important aspects in carcinogenesis. Both are under genetic control and there is
increasing evidence of genetic variation of these pathways in the human population. Therefore,
integrating information on allelic variants of these genes may be useful in determining groups of
individuals at highest risk from environmental exposure. In the case of XRCC1, the analysis of possible
interactions with GSTMI1 polymorphism could be appropriate given the role of this enzyme in
detoxifying products of oxidative stress (Strange and Fryer, 1999).

The XRCC1 codon 280 polymorphism are located in the vicinity of two sequences mediating the
protein-proteininteractions with ADPRT and polymerase (ElKhamisy ef af., 2003; Pleschke ef al.,
2000). Thus, the variant alleles may encode a twisted XRCC1 protein, resulting in increased or
decreased affinmity to other proteins, which may affect normal DNA repair capability. This results
indicated that there was significant difference in distribution of genotype of XRCC1 Arg280His and
the risk was increased in those with XRCC1 280Arg/His and XRCC1 280Arg/His+His/His genotypes.
These data were consistent with earlier reports on risk of cancers of the breast (Duell ef af.,
2001), bladder and lung (Ratnasinghe e7 &f., 2001) XRCCI may be associated with altered function of
the coding products and thus contribute to the individual’s genetic susceptibility to head and neck
cancer.

Functional studies of XRCC1 suggest that the codon 399 Gln allele may be associated with
multiple DNA damage phenotypes in human cells and tissues. Lunn er af. (1999) reported that the
399(In allele was associated with an increased aflatoxin DNA adduct burden in placental tissue and
an elevated glycophorin A mutant frequency in ervthrocytes. Duell ef @f. (2000) reported a positive
association between the same allele and detection of polyphenol DNA adducts from blood
mononuclear cells, as well as a positive association between the variant 399Gln allele and baseline
sister chromatid exchange frequencies in lymphocytes from smokers. Together, these studies suggest
arole for XRCCI in the repair of multiple DNA damage end points in human cells and tissues and
imply that the 399Gln allele of XRCC1 has an important, potentially harmfil phenotype. Consistent
with this hypothesis, two recent epidemiological studies have shown a positive association between
the XRCC1 Gln allele and cancer. Sturgis et af. (1999) reported an OR of 1.6 (95% CI, 1.0 -2.6) for
the XRCCl c¢odon 399 GIn/Gln genotype in a case-control study of head and neck cancer and
Divine et af. (2001) observed an odds ratio of 2.8 (95% CI, 1.2-7.9) for XRCC1 codon 399 Gln/Gln
genotype in a case-control study of lung cancer. However, two other epidemiological studies reported
contrary findings. Stern ef @f. (2001) observed an inverse association between XRCC1 codon 399
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GIn/Gln genotype and ladder cancer; ORs for smoking were stronger among carriers of the codon
399 Arg/Arg genotype compared with Gln-containing genotypes. Similarly, Watson ef al. (2002)
reported an inverse association between XRCCI codon 399 Gln/Gln genotype and cancer of the head
and neck; ORs for smoking were stronger among carriers of the codon 399 Arg/Arg genotype.

These findings showed that there was a positive association between the XRCC1 (codon 399)
Gln/GIn genotype in head and neck cancer which was consistent with two previously reported
epidemiological studies by Sturgis ef af. (1999) and Divine ef 4. (2001) as well as with published
finctional studies by Lunn ef af. (1999) and Duell ef af. (2000). According to our observation XRCCI
codon 399 Gln/Gln genotype was not a statistically significant risk factor (OR = 1.82, 95% CI,
0.80-4.17) in smokers but it is significant compared to non-smokers (OR = 2.68, 95% CI, 1.12-6.53).
The frequencies of this polymorphism in smokers were higher as compared to non-smokers. These
data may also support hypothesis that smokers the XRCC1 codon 399 Gln/GIn genotypes were
unable to carry out the function of the DNA repair process and therefore were at high risk. The G to
A transition in XRCC1 codon 399 results in the change from Arg to Gln in the XRCC1 BRCAL
COOH terminus domain that interacts with poly (ADP) ribose polymerase. Hence, the variant
amino acid (i.e., Gln instead of Arg) at 399 of XRCC1 protein may be less efficient in DNA repair
(Sturgis ef al., 1999; Tae ef al., 2004). These variant genotypes at codon 399 of XRCC1 increased the
risk of head and neck squamous cell carcinomas.

CONCLUSION

One of the strengths of this study is its prospective design. The collection of covariate data
(2.g., smoking and alcohol) before case diagnosis minimized the potential for recall bias for measures
of environmental exposures and the availability of these data also allowed us to explore gene-
environment interactions. This is the first observational study to examine the association between the
Arg280His XRCCI polymorphism and risk of head and neck cancer. This data suggest a high risk for
head and neck cancer in individuals with the Arg280His XRCC1 polymorphism. Also, the Gln/Gln
genotypes among smokers in cases and controls showed higher risk in cases compared to controls.
These findings support the Hypothesis that XRCC1 Arg399GIn amino acid change may alter the
phenotype of the XRCC1 protein, resulting in deficient DNA repair. Tt was conclude that XRCC1
genotype may be related to head and neck cancer risk, but this relationship is complex. Present results
and those of other recent epidemiological studies of XRCCI suggest that BER represents an important
biochemical pathway for future epidemiological studies of cancer.
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