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leukoplakia and cancer among NAT2 slow acetylators
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Polyvmorphisms at N-acetyl transferase 2 locus (NAT2) lead to
slow, intermediate and rapid acetvlation properties of the enzyvme.
[mpmpc-r acetvlation of hﬂcruc'.-dh_ and aromatic amines, pres-
ent in tobaceo, might cause DNA adduct formation. Generally,
DM A repair enzyvmes remove these adduct to escape mn]ig,nnm_'.-.
But, tobacco users carrving susce ptible NAT2 and DNA repair loci
might be at risk of oral leukoplakia and cancer. In this study, 389
controls, 224 leukoplakia and 310 cancer patients were genolyped
at 5 polvmorphic sites on ¥AT2 and 3 polvmor phic sites on each
of XRCCT and XPD loci by PCR-RFLP method to determine the
risk of the discases, None of the SNPs on these loci inde pende ntly
could modify the risk of the diseases in avcr.ull(_lmpulnihn but var-
iant genotype (Gln/Gin) at codon 399 on XROCT and major geno-
tvpe (Lys/Lys) at codon 751 on XPD owere associated with
increased risk of lenkoplakia and cancer among slow acetylators,
respectively (OR = 4.2,95% CI = L2-150; OR = L6,95% Cl =
LI-2.3, respectively). Variant genotype (Asm/Asn) at codon 312 on
XPD was also associated with increased risk of cancer among
rapid and intermediate acetylators (OR = 1.9, 95% CI = 1.2-29).
Variant C-(r-A haplotype at YXRCCT was associated with increased
risk of leukoplakia (OR = L7, 95% CI = 1.2-2.4) but leukoplakin
and cancer in mixed tobacco wsers (OR = 3,1,95% CI = 1L.4-7.1,
OR = 2.4, 95% CI = L1-54, respectively) among slow acetyla-
tors. Although none of the 3 loci could modulate the risk of
the diseases independently but 2 loci in combination, working in
2 different biochemical pathways, could do so in these patient
populations,
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As an early sign of damage to oral mucosa, tobacco smokers
and chewers often develop different precancerous lesions, such as
leukoplakia, ervthroplakia, submucous fibrosis, ere., and these
lesions are easily accessible to diagnosis. Annual incidence of oral
leuknpl.jku ]L.H been reported as 0.2-11.7% in different popula-
tions of India' and about 2-12% of leukoplakia becomes malig-
nant within several vears.” Since leukoplakia is one of the good
predictors of oral cancer so diagnosis and treatment of leukoplakia
will be a useful strategy to control oral cancer incidence. Annually
about 270,000 cases of oral cancer are mpm'ted worldwide but
about #2,000 of them are diagnosed in India®

Major procarcinogens present in the tobacco smoke are polyey-
clic aromatic hydrocarbons, aromatic and heterocyclic amines and
nitroso-compounds whereas nitrosamines and aromatic and heter-
ocyclic amines are major components present in smokeless
tobacco. Most of the tobacco carcinogens generally undergo bio-
activation and inactivation by phase | and phase I enzymes
respectively. Human N-acetylation transferase 2 (NAT2) is one of
the phase Il enzymes that participate in the bioconversion of aro-
matic and heterocyelic amines and variation in NAT2 enzyme ac-
tivity is defined as polymorphism in N-acetylation capacity. This
polymorphism arises from variations in DNA sequence resulting
in the pmductlfm of NAT2 proteins with variable enzyme activity
or stability.,” The impact of different acetylation activities of
NAT2 enzyme on cancer susceptibility varies among different
organs. (-acety lation by rapid NAT2 enzyme increased the risk of
colon cancer, probably owing to extensive activities of heterocy-
clic amines (such as 2-amino-1-methyl-6-phenylimidazo |4 'i-hl
pyridine, ie., PhIP]-“'? Again, NAT2 slow acetylation increased

the risk of bladder cancer, probably owing to slow acetylation at
N-position of aromatic amines (such as 4-.'1m'1m biphenyl), result-
ing in accumulation in the affected tissue.” A few studies, with
small sample sizes, also observed positive associations l‘.-eftweeu
MNATZ slow acety lation status and risk of head and neck cancer. i
This association was not |'e|p|'cn:luced in subsequent studies except
for a subset of samples.'™" Studies on laryngeal cancer also
reported inconsistent association between NATZ2 acetylation status
and risk of cancer.”?

Bulky DNA adducts, like those formed by aryl and heterocyelic
amines, are generally repaired by DNA repair enzymes. The XFPD
is a component of the ranscription factor TFUH, which is a multi-
protein complex involved in different functions including transcrip-
tion, nucleotide excision repair (NER), transcription coupled re pair,
apoptosis and cell cyvele regulation. It posses both ssDNA-depend-
ent ATPase and 5-3 DNA helicase activities and participate in
DMNA unwinding during NER and transcription. Several synony-
mous and nonsynonymous SNPs including those at codons 156
{exonf C = A, Arg > Arg), 312 (exon 10 G = A, Asp > Asn) and
751 {exon 23 A = O, Lys = i) have been described in XPD locus
and reported to be associated with tobacco related cancers.'* ' The
ARCCI plays an important role in base excision repair { BER ) path-
way, and interacts with DNA polymerase (3, poly ADP-ribose poly-
merase and DNA ligase I It also contains a BRCT (BRCAI
COOH  terminus) domain, which is characteristic of proteins
involved in cell cyele check point functions and this domain can be
responsive to DNA damage. Three nonsynonymous polymor-
phisms at XROCT were detected at codons 194 (Arg = Trp, C =T,
280 (Arg = His, ¢ > A), 399 (Are > Gin, ¢ > A) and have heen
associated with presence or absence of cancer risk in breast, stom-
ach, head and neck and lung in different studies.' "

Since both slow and rapid scetvlators are susceptible to cancer
depending on the carcinogens and tissues, it is highly probable
that different bulky DNA adducts are formed in the affected tis-
sues. So, we hypothesize that individuals carrying NAT2 slow or
rapid acetylation genotypes and risk genotypes at DINA repair loci
will be susceptible to oral cancer and leukoplakia. In a previous
case—control study (on 197 leukoplakia and 310 cancer patients
and 348 controls) we reported that XROC ! variant haplotypes
umre.med the risk of cancer and leukoplakia in mixed tobacco
users.'” In this study, additionally 27 leukoplakia patients and 41
controls were recruited and pmled with the previously collected
samples. In the newly pooled samples of 224 lenkoplakia and 310
cancer patients and 389 controls, we explored the potential rela-
tionships between polymorphisms at NAT2, XRCOCT and XPD loci
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and risk of oral leukoplakia and cancer, independently and in com-
bination of 2 loci.

Materials and methods
Fatients, controls and fobdaceo habit

Unrelated oral leukoplakia (r = 224} and cancer (n = 310)
patients were recruited during 19992005 from the R, Ahmed
Dental College and Hospital (a primary referral hospital at Kol-
kata, India) and the department of pathology from the same hospi-
tal confirmed the diseases by histopathology. Unrelated individu-
als (n = 389) who came for treatment of dental ailments but with-
out any lesions in oral cavity were recruited from outpatient
department of the same hospital as ““controls.” After getting writ-
ten consents, all patients and controls were personally interviewed
using a questionnaire having information on age, sex, occupation,
aleohol consumption, type of tobacco habit, daily tobacco use fre-
quency, duration of habits and economic status. Data related to di-
agnosis and cellular morphology of the biopsy materials were
obtained from the pathology reports.

All subjects in this study reported tobacco habits such as smok-
ing of cigarette and/or bidi (a native cigarette-like stick of coarse
tobacco hand-rolled in a dry tembudinrni feaf) and chewing /dip-
ping of tobacco in different forms. "™ Some patients and controls
reported dual habits comprising both smoking and chewing/dip-
ping of tobacco, while the majority had single habit. Lifetime
tobacco chewing/dipping exposure was measured in terms of the
frequency of chewingfdipping per day multiplied by the duration
of habit. This is termed as chewing-year (CY): taking smokeless
tobacco once in a day for 1 vear = 1 CY and similarly, dose of
tobacco smoking was measured as pack-vears (PY): 1 packet per
day for 1 year = 1 PY (1 pack = 20 cigarettes or 40 bidies, since
amount of tobacco present in 1 cigarette (750-1000 mg) is similar
to that present in 2 bidies (850-1050 mg).

Sample collection and processing

About 3-4 ml blood was collected by vein puncture from all
patients and controls and stored at —20°C until DNA isolation.
Genomic DNA was isolated from whole blood by salt precipita-
tion method.*" Biopsy materials collected from the patients were
used to study histopathology.

Cremofyping assays

XRCCY locus. Most of the genotyping data at 3 polymorphic
sites (codons 194 (Arg = Trp), 280 (Arg > His) and 399 (Arg =
Cilr) on XRCCT locus were taken from the previously published
praper. " But the |'em.1u1mg samples, which were recruited later,
were genotyped using same methods,

XPD locus. The A = C (Arg = Arg) polymorphism at codon
156 of XPD was screened in all samples generating a 644-bp PCR
pl'cn:lurt digesting with Tfil and electmp]mresmg in 2% agarose
ael In addition to the Tfif site at codon 156, one additional
monomorphic Tfil site, producing a 57-bp DNA fragment, served
as an internal control for restriction enzyme digestion. Genoty pes
were determined by banding patterns such as A/ (474, 113 and
57 bp) A/C (587,474, 113 and 57 bp); and C/C (587, 57 bp).

Polymorphism (Asp = A at codon 312 of XPD was screened
digesting the PCR product with Tagl for 4 hr at 65°C and electro-
phoresing in 3% agarose gel. DNA banding patterns were Asp/
Asp = 166, 22 bp, Aspd Asn = 188, 166, 22 bpand AsmAsn = 188 bp.

Polymorphism (Lys > Gilr) at codon 751 of XPD was screened
digesting the PCR product with Psd and electrophoresing in 3%
agarose gel to determine genotypes (Lys/Lys = 155, il[l4 63 bp.
LysiGin = 218, 155, 104, 63 bp, GIn/Gin = 218, 104 bp).”'

NAT2 locus and acetylation status. Five SNPs at nucleotide
positions (np) 341 (T = C} 481 (C = T), 590 (G = A), 803 (A >
G and 857 (G > A)on emn’-' were screened according to the pub-
lished plmedul'e = Instead of analyzing the genotype data at these
5 polymorphic sites separately, they were expressed as alleles/hap-
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lotypes, such as NAT2%, NATZ®S5A, NATZ®5B, NAT2USC,
NATZ®OB, NAT2*6C, NAT2%7A, NAT2*{2B, NAT2*{2C, e,
depending on the arrangements afnuclemu:lﬂ Tr=C,C>T, f: =
A A =G, G = A) at the above-mentioned 5 polymorphic sites
These alleles/haplotypes will provide information of nucleotides
present at these polymorphic sites at a glance and allelic combina-
tion or genotype will be used to determine the acetylation status of
an individual. If an individual had only homozygous wild or variant
genotypes at 1,2, 3, 4 or 5 sites of these 5 polymorphic positions
then allelic combination or genotype of that individual could be
ascertained easily looking at the genotype data at 5 polymorphic
sites of that individual. Again if an individual had only one hetero-
Zygous genoty pe at any one of the above-mentioned 5 polymorphic
positions and homozy gous wild or variant genoty pes at the remain-
ing 4 positions, then also allelic combination or genotype of that
individual could be also ascertained easily. In this manner, allelic
combinations or genotypes in 50% of the patients and controls
were ascertained. But the remaining 50% of the patients and con-
trols had heterozygous genotypes at more than one positions.
Allelic combinations or genotypes at NAT2 locus of these individu-
als were ascertained with a probabilistic approach such that alleles/
haplotypes with high frequencies in overall samples, estimated by
HAPLOFREQ software,” will also be represented similarly in this
bunch of individuals. Then, empirical formula for estimation of fre-
quency of P1P2 genotype in the population is:

NP Py (P P2 + 0 0)

where Py P2, () Q. are haplotypefallele frequencies at 2 polymor-
phic sites and & is the number of individuals having heterozygous
genotypes at these 2 positions. Similar methodology was also
applied for estimation of allelic combination/genotypes of individ-
uals having heterozygous genotypes at 3, 4 or 5 loci. Although
haplotypes and genotypes determined by this estimation method
will have some error, but this is the best possible method to know
the genotypes of a bunch of individuals who are heterozygous at
more than 2 polymorphic sites. Wild type allele {ie., NAT2Y)
having wild type nucleotides at all 5 polymorphic sites is known
as rapid acetylating allele. Since polymorphisms at 481 and 803
np do not change the acetylation status so variant alleles/haplo-
types, having at least one variant nucleotide at one of the remain-
ing 3 polymorphic sites (341, 590 and 857 np). are known as slow
acetylating alleles (e.g.. NAT2%58, NAT2%6B, NAT2'7A, ete)”
So, individuals carrying 2 rapid acetylating alleles (such as
NAT2{NAT2* genotype) in the pair of chromosomes are rapid
acetylators; carrving 2 slow acetylating alleles (such as NAT2*3A/
NAT2*58 genotype) are slow acetylators; and carrying one slow
and one rapid acetylating allele (i.e., NAT2*/NAT2"5A genotype)
is intermediate acetylators.

Seguencing of PCR products

Few PCR products (8% of total samples) from all loci were
resequenced (ABI 3100 Genetic Analyzer: Applied Biosystem,
Foster City, CA) to confirm the genotypes determined by PCR-
EFLF methods.

Statistical analysis

Age-, sex- and tobacco dose-adjusted risk of oral cancer and
leukoplakia was calculated as odds ratios (ORs) with 95% confi-
dence intervals (Cls) for all genotypes in all and stratified patient
samples by multiple logistic regression analysis using SPSS statis-
tical package. Chi-square test with Yates™ correction, when neces-
sary, was used for comparison of genotype proportions. Frequen-
cies of different alleleshaplotypes at NAT2, XPD and XRCOC! loci
in all patients and controls were estimated using genotype data at
5, 3 and 3 polymorphic sites, respectively, by the maximum-likeli-
hood method using the expectation maximization algorithm
named as HAPLOFREQ.** Frequencies of these alleles/haploty pes
in cancer, leukoplakia and control populations and subset of the
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TABLE I = DEMOGRAFHICS AND TOBACDD EXPOSURES OF PATIENTS AND CONTROLS

Sujects and sbacco hahits n E"{ﬁi P

Sex

Male 302 (78)

Female B7(22)
Avpe distribution (vears)

Range 25-80

Below 35 55014

3645 110 (28)

46-55 104 (28]

5665 TR (2

Above 63 37 (10)
Ape (vears)

Mean = 5D 49 *119
Exclusive smoking habit

Exclusive smokers 145 (37)

Lifetime smoking range (PY) 2-90

Mean smoking dose = SD(PY) 31 =18
Exclusive smokeless wbacoo habit

Exclusive smokeless whacco users 169 (4

Lifetime smokeless whbacon using range (CY') 12925

Mean smokeless wbaccoo dose = 5D (CY) 183 = 145
Mixed habituals

Smuoking as well as Smokeless tobacco using habit 75 (19

Lifetime smoking range (PY) 2-490

Mean smoking dose = SD(PY) 22+ 14

Lifetime smokeless whacoo using range (CY') 10600

Mean smokeless whacoo dose = SD (CY) 100 + 9]

Lenkophkia pevalue Cancer p vahe .
ln = 224) (%) l:la.-q.&-:ml.xl'rll. | = 3104 {cancer v contraly
vi. comiraly %)
196 (R7) 0.004 198 (64) < {1L0NH
2B (13) 112 (36)
25-75 25-88
2 (13) M5 14 (5) < (LM
Bl (36) 0.05 69 (22) M5
LY NS B3 {27y N5
M l5) NS 102 (33) < (LM
10(5) 0.03 40(13) NS
4 = 103 0.03 55>110 < (L0
133 (60) 0001 53(1T) < {1000
390 275
M > |55 LRLLL 2 *136 M5
32(14) < {1L00H 176 (57) .00k
12420 4-1250
o> 174 LRLLLT] 182 * 162 M5
9 (26) .05 Bl 2a) 04
280 2-120
36+ 19.08 NS 25> 1583 M5
1060 10640
58 > 103.18 0.0 106 = BR M5

All patients and comtmols had tobacoo exposure. NS, nonsignificant st 5% level. Exclusive smokers and smokeless whacoo users have only
smoking and whaceo chewingfipping habits, respectively. Mixed habituals have smoking as well as smokeless tobaceo habits.

"Duta of patients were compared with those of controls,

samples were compared to know whether any allele or haplotype
is associated with the risk of cancer orfand leukoplak ia.

Results

It was evident from the interview that most of the each popula-
tion {=%5%) belonged to same ethnic population, Bengalee. Most
of the patients and controls had low income (family income <
S100 USD per month) and this is one of the reasons for which
they visited povernment hospital for treatment. Majority of the
male patients and controls had occupations in diverse areas such
as agriculture, small industry, car driving, private sector office,
small business, e, whereas most of the females were housewives
and doing only household jobs. None of the patients and controls
was exposed to specific toxic agents except tobacco. Distribution
of demographic characteristics and tobacco habits of patient and
control populations are summarized in Table 1. About 85% of
smokers had habits of both cigarettes and bidis, so it was not pos-
sible to analyze bidi and cigarette smokers separately. In patient
and control groups, only few (< 5%) had occasional alcohol-drink-
ing habit, so, alcohol consumption was also not considered in the
analyses. All cancer and leukoplakia patients were incident cases
and none of the controls had family history of cancer but ~3% of
the oral cancer patients reported that there was death from cancer
at different sites in the first or second-degree relatives. Few of
these patients were also not sure about the diagnosis of their rela-
tives. So, these patients were not excluded from data analysis.

Leukoplakia mostly affected buccal mucosa and commissure
area (653%), buccal mucosa and alveolar sulcus (20%) and other
sites including lip, tongue, efe. (15%). Most of the patients suf-
fered from ulcerative lesion (61%), followed by homogeneous
(36%) and nodular (3%) types of leukoplakia. Cancer affected
sites were buccal mucosa and alveolar sulcus (52%), lip (15%),
tongue (12%), buccal sulcus (11%) and retromolar area (10%).
Histopathologically, all malignancies were diagnosed as squa-
mous cell carcinoma (SCC) and morphologically they were clas-

sified as well (65% ), moderately (17%) and poorly (18%) differ-
entiated SOC.

Within each of the 3 groups (control, leukoplakia and cancer)
we tested for Hardy—Weinberg equilibrium at 11 SNPs on 3 loci
(XRCCT, XPD and NAT2). Some significant p-values, uncorrected
for multiple comparisons, were noted (p = 0,02 at codon 194 on
ARCCT among controls; p = 0.05, 0.05 and 0.02 at codons 341,
481 and 803 on NAT2 among leukoplakia, respectively). However,
it Bonferroni’s multiple comparison correction (o take into
account 11 tests performed within each group) is used, none of
these p-values remained significant because the corrected level of
significance is 0.0045. This indicates no significant departure from
Hardy—Weinberg equilibrium at any SNP locus in any of the 3
BIOLS.

Few genotypes (8% of total samples), at all loci, determined by
sequencing method were observed to be identical to those deter-
mined by PCR-RFLP methods. This cross checking of genotypes
by 2 different methods was done to be sure that genotypes of all
samples were correctly determined by PCR-RFLP methods. Nei-
ther the heterozygotes nor variant genotypes at 3 polymorphic
sites on XPD and XRCCT loci increased the risks of diseases in
these populations (Table I1). The NAT2 genotypes, which were
commonly present in all 3 populations, were pooled as rapid, in-
termediate and slow acety lators (Table 111). In the control popula-
tion, 4, 36 and 60% were rapid, intermediate and slow acetylators,
respectively, and similarly 7, 34 and 59% of leukoplakia patients
and 4, 32 and 64% of cancer patients were rapid, intermediate and
slow acetylators, respectively. None of the NAT2 genotypes and
acetylation status was associated with the risk of leukoplakia and
cancer. Few NAT2 heterozygote and variant genotypes were pres-
ent only in control or leukoplakia or cancer population. If geno-
types of these individuals (n = 65; 40 controls and 15 leukoplakia
and 10 cancer patients) were categorized as rapid, intermediate
and slow acetylators, and pooled with acetylators in 3 populations,
a8 shown in Table 111, to compare, then also, acety lation status did
not modulate the risk of lenkoplakia and cancer (data not shown).
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TABLE I = DISTRIBUTION OF GENOTYPES AT 3 POLYMORPHIC SITES ON XPD AND XROCT LOCT AMONG
LEURDFPLAKLA, CANCER AND CONTROL POPULATIONS

Contral Leukoplakia

Genotvpes at XPD

Codon 156 0 =388(%) n=220(%)
c/C 124(32) 73 (33)
AT 191 {49} 103 {46)
Ald 7319} 44 (21}

Codon 312 n=3RT(%) n=224(%)
AspiAsp 205(53) 117 (52)
AxpiAsn 146 (3R) RO (40
AsniAsn 369 18 (B}

Codon 751 n=38B(%) n=224(%)
LvsiLys 190 (49} 105 {47}
CitniLys 15E (41) 98 (44
GilniCiin 40(10) 2109

Genotypes at XRCCI

Codon 194 n = 387(%) n=224(%)
Arglarg 317 (82) 177 (79
ArgiTmp 62(16) 43 (19
T Trp B(2) 4(2)

Codon 280 n = 387(%) n=220(%)
ArgiArg 297077 16 (73)
ArglHis B7(22) 58 (26)
HisiHis 31} 21}

Codon 399 n=3R85(%) n=224(%)
ArgiArg 1701(44) 1M} (45)
ArgiGin 179 (47} 95 (42)
GlniGin 36 (9 29 (13)

A justed OR, 95% A justed OR, 95%
Cl {oomral vs. Cancer 1 {oomtral vs.
L-ulxllﬂ.:hia.:l' cancer)
n = 308 (%)
Ref. BR (2% Ref.

09 (0.B-1.1) 156 (50) 1.0 {0.9-1.0)
09 (09-1.1) 64 (21 1.0 {0.9-1.09
n = 305 (%)

Ref. 152 (500 Ref.

09 (09-1.1) 119 {3% 1.0 {0.9-1.09
09 (0.7-1.2) 3400 1.0 {0.9-1.00
n = 308 (%)

Ref. 158 (51) Ref.

09 (0.9-1.1) 125 (41) 1.0 {0.9-2.3)
09 {0.9-1.1) 26 (B) 1.0{0.9-2.3)
n = 30 (G}

Ref. 245 (RO) Ref.

09 (09-1.1) SR (1% 09(0.9-1.00
09 (0.8-1.2) EXR )] 089 (0.9-1.00
n = 307 (%)

Ref. 225(73) Ref.

1O {0.9-1.00 T9(26) 1.0 {0.9-1.0)
1O (0.9-1.00 EXRY 1.0 {0.9-1.09
n = 3 (%)

Ref. 134 (43) Refl.

08 (he—1.3) 143 (4a) 08 (0.9-1.00
09 (0.9-1.00 320N 08 (0.9-1.00

ALA (Argl Arg ), Ao Asn, Gin'Giln ar XPD; TrpTrp, HisiHis and Gin/Gin st XROCT are variant geno-
tvpes, Vanant allele frequencies are Arg: 043, Axn: 028, Gine 0031 Trp: 0000, fis: 002 and Gln: 0033,
respectivelv. Few patienms and controls could not be genotvped afier repeated attempts, so wial sample

sizes (N} became different at different codons,
' Adjusted for age, sex and tobacco dose.

Polymorphisms at 3 sites on XPD locus were not associated
with increased risk of cancer in overall population (Table 1T} but
variant genoty pe (Asi/Asn) at codon 312 of XPD locus was associ-
ated with increased risk of cancer (OR = 1.9, 95% C1 = 1.2-2.9)
among the pooled samples of intermediate and rapid acetylators
{Table IV). Major/wild genotype (Lys/Lys) at codon 751 of XPD
locus was associated with increased risk of cancer (OR = 1.6,
95% Cl = 1.1-2.3) among slow acetylators. In the previous'™ as
well as present study, variant genotype (Cl/Gle) at codon 399 of
ARCCY locus did not modulate the risk of leukoplakia and cancer
in overall population (Table I} but this genotype was also found
to be associated with increased risk of leukoplakia (OR = 4.2,
95% Cl = 1.2-150) among slow acetylators (Table V). Fre-
quency of simultaneous presence of NAT2 slow and XRCC! Gin
alleles in an individual is more prevalent in the leukoplakia
patients than controls (p = 0.05, legend in Table V).

Since XPD locus was genotyped at 3 polymorphic sites so we
also estimated frequencies of haplotypes in overall as well as
stratified samples such as rapid, intermediate and slow acetylators
separately. X P haplotypes containing variation at 1 or 2 nucleo-
tide position/s did not modulate the risk of leukoplakia and cancer
in overall and rapid, intermediate (data not shown) and slow ace-
tylators (Table \"I} It Lﬁ u1tet'estu1g to note that frequency of an
XPD haplotype (A™-672.A7"), containing one v.nl..mt allele A
at codon 156, is more than wild haplotype (5G4 i
patients and controls (37% vs. ‘E% in CD.IHL‘(![‘{ L'e'ipectwel\r} Fre-
quency of another XPD allele (¢'-A" -C"”} containing 2 vari-
ant alleles at codons 312 and 751, is similar to that of wild haplo-
ype (€G24 in p...ltlenﬂ and controls (25% vs. 25% in
controls, respectively). Frequencies of XROC! haplotypes were
also estimated from genotypes data in overall as well as stratified
samples such as rapid, intermediate and slow .met\rl.jtmwﬂ 1ePu-
rately. It was observed that variant haplotype (O -0
was associated with increased risk of leukoplakia in slow ncetyl.u-
tors (OR = 1.7, 95% C1 = 1.2-2.4) and leukoplakia and cancer in

mixed habituals among slow acetylators (OR = 3.1, 95% C1 =
1L4-7.1,0R = 2.4, 95% Cl = 1.1-5.4, respectively, Table VII).

Discussion

The controls that were recruited from the same dental hospital
had dental ailments such as dental carries and gingivitis, but we
do not have any prior knowledge whether polymorphisms in the
studied loci had any effects on these dental ailments. So, the indi-
viduals were not truly healthy controls. Moreover, male/female
distribution, age and number of smokers and chewers were not
similar in controls and leukoplakia and cancer patients. It would
have been better if we could have recruited 2 separate sets of con-
trols for leukoplakia and cancer patients because males and smok-
ers are more in leukoplakia patients than controls whereas age of
the cancer patients is more than that of controls. So, adjustments
for age, sex. tobacco doses were done whenever required since
there were significant differences in the collected data in relation
to age, sex, smoking (PY) and chewing dose (CY) among 3 stud-
ied groups (Table I). In India, males use both smoking and smoke-
less tobacco whereas females use mostly smokeless tobacco.
Although smokers and smokeless tobacco users are equally
affected by leukoplakia and cancer but it was observed that com-
paratively more male patients as well as smokers were present in
leukoplakia population { Table 1), One of the reasons might be that
leukoplakia is not life threatening initially, so females (mostly
housewives from low income families) neglected the treatment
because of several procedural steps required in the hospital. As a
result, females who were mostly smokeless tobacco users were
less represented in leukoplakia population.

Polymorphisms at 3 polymorphic sites of XPD locus did not
modulate the risk of cancer or leukoplakia in this population (Ta-
ble 1), Other studies also reported both presence and absence of
association between polymorphisms at XFO and risk of head and
neckforal cancer in different populations.'**=% Distribution of
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TABLE I = DISTRIBUTION OF SATZ GENOTYPES AND ACETYLATION STATUS AMONG LEUKOPLAKLA, CANCER AND CONTROL POFPULATIONS

. : Contral Leukophiia OR, 95% C1 Cancer Ol 95%
Acetybtion satus Gematypes {n = M%) {n = 27 (%) {comiral va {n = 27 (%) C1 {oomiral vs.
leukoplak 'u.:l' cancer)
Rapid e 15(4) 15 (7) Ref. 13(4) Ref.
Tonal 1504) 15(7) 13(4)
Intemmediate b T £ 40012) 24(12) 06 (0.2-1.6) 33 L0429
A0 S0l 4(2) XN
b T 1 E] 56{l1a) 25 (12) 04 (0.2-1.1) 36(12) 07 (03-1.9
LA L1(3) 10 (5} 6(2)
*SCE12C i EXYN B3
*6B/*12B T(2) 442) 2{n
Tonal 122 (36) T0(34) 06 (0.3-1.3° 9432} 07 (0.3-1.77
Slow A6 EXR Y 3 T2}
] LTRT Sl 51(2) Bi3)
*5B/%68 67 (200 31(15) 04 (0.2-1.2) 5920 1O {0.4-2.5)
#ABFTA 12(4) Bid) 13 (5)
#=5C 6B 13 (4) 6 (3) Bi3)
i LT 39(11) 200010} 05 (02-1.4) 3001 09 (0.3-2.3)
*6B/*6B 42(12) 3L(15) 07 (0.3-1.9 37(12) LO{0.4-2.6)
aB/¥TA 16(5) 15 (7) 09 (0329 21Ty 1.5 {0.5-4.5)
6B,/ *6C Sily L1} 40l
FTAMFIA EINN 2{) 3
Tinal 205 (60 122 {59) 08 (0.5-1.2¢° 190 1(64) L0 (0.7-1.5°

Other genotypes such as #4124 =4F12C, #4254 S5AFSE, *5CHF5C, *5CHFTA, B5AFL], *5BF 120, *5CF 124, *TARSF, *TAF11 and
FTAS 124 were also present either in lenkoplakia or cancer or contmol group but with frequency < 1%, These genotvpes from 65 samples 40
control, 15 leukoplakia and 10 cancer) were not included in this table. When these penotvpes were pooled with the respective acetvlation geno-

1}-[]:&; a5 shown in this table and compared among 3
of 7

lations, then there was no significant chan

in the risk of diseases. Acetylation status

contrils, 2 leukoplakia and 3 cancer patients remamed undefined because of failure of genotvping at few polvmophic sites and absence of

data at SMPs other than our studied SNPs.
'Crude = Age, sex and tobacco dose adjusted.

TABLE IV = DISTRIBUTION OF GENOTYFES AT XPD LOCUS AMONG DIFFERENT NATZ ACETYLATORS OF LEUKOPLAKIA, CANCER
AND CONTROL POPULATIONS

Acetylation stams groc Lo Commral Leukeplakia o b Cancer 95% C1 oarteel .
Eub:lpln&.in.:l' cancer)
Slow Codon 156 n=219{%) n =134 (%) n= 193 (%)
L W(32) 43 (32) Ref. 54428 Ref.
ANC 111 (51} 65 (49) 1L.0{0.6-1.7) 100 (52} 1.1 {0.8-1.3)
AlA 3BT 2619 1.1{0.B-1.5) 3902 1.2 {0.9-1.7)
Intemediate + rapid  Codon 312 n= 143 + (%) n=7T31+15(%) n=%9% + 16(%)
AspiAsp BO + 10 (55} 354+ B4m Ref. 46 + 5(468) Ref.
AspiAsn 36 + B (30 31+ 6i(42) 1.3(0.8-2.3) 36 + 90400 11 (0.7-1.9)
AzniAsn 7 +2(6) T+ 1L 1.3{0.8-2.8) 14 + 2{14) 1.9(1.2-2.9)
Slow Condon 751 n=219{%) n= 134 (%) n= 194(%)
(Giniiin 28 (13) 11 {R} Ref. 13{7) Ref.
GilniLys 03 (42} 57143 1.6(0.7-3.6) Ta (39 1.6 (0.8-3.4)
Lysilys 98 (45) 66 (49) 1.3(0.9-1.9) 1005 (54 1.6(1.1-2.3)

Cenotvpes at codon 312 were compared in pooled samples of rapid and imtermediate acetvlators, since rapid acetvlators are few in patients

and controls, The numbers of 1

ent inall 3 populations were only shown in Table I, but all differsnt genotypes at NAT2 were considered in this Tal

patient remained undefined st codon 156,
Adjusted for age, sex and tobacco dose.

rapid (4%, intermediate (36%) and slow acetylators (60%) in
this control population { Table 111} were observed to be similar to
those (6, 37 and 57%. respectively) in Caucasian population'' but
different from those in South East Asians and Eskimos {10-30%
and 5% slow acetylators, respectively).” None of the NAT2 geno-
types and acetylation status was associated with increased risk of
cancer or leukoplakia in overall population (Table 111} although
only a few studies on Japanese and Caucasian populations have
shown increased risk of head and neck cancer in a subset of slow
xet}rlnmm."“ LA few slow acetylation genotypes also acted as
protective or risk factors in laryngeal cancer.”™” Independently,
NATZ acetylation status or XPD genotypes were not associated
with increased risk of leukoplakia and cancer. So, we hypothe-
sized that combination of NAT2 acetylation status and other
genetic factor(s, such as DNA repair loci, may be involved in dis-
ease susceptibility. Intermediate carcinogens formed by NAT2
enzyme may be an active ingredient for DNA adducts formation,

i, intermediate and slow acetylators in Table HI and this wable will not mach since ina}-pe.-a. those were pres-
ble.

Genotype of one cancer

which should be removed by DNA repair enzyimes involved in re-
moval of bulky DNA adducts. Bulky DNA adducts could be
repaired by XPD and XRCC1 by NER'" and BER®" mecha-
nisms, respectively. So, instead of considering the acetylation sta-
tus alone genotypesfhaplotypes at XPD and XROC! were also
considerad, in combination, to determine the risk of the diseases,
The major genotype (Ly&/Lys) &t codon 751 of XPD locus
increased the risk of cancer (OR = 1.6, 95% Cl = 1.1-2.3)
among slow acetylators (Table IV). Similar observation was also
reported in laryngeal' and bladder cancers.®® It has been shown
that rate of N-acetylation to detoxify the aromatic amines is less
in slow acetylators so these carcinogens are accumulated in the
affected tissue.” The codon 751 polymorphism, which may
change the activity of the enzyme, is located in COOH terminal
domain of XPD. This region of the protein possesses helicase ac-
tivity and deletion in this region causes reduced XPD DNA heli-
case activity.™ This may account for the observed association
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TABLE ¥V = DISTRIBUTION OF XROCT GENOTYPES AT 3 CODONS IN 5LOW, INTERMEDIATE AND RAPID ACETYLATORS OF LEUKOPLAKLA,
CANCER AND CONTROL POPULATIONS

Cenotypes 2l .ﬂ::': ﬂ?‘-ﬂ“]—_; Coniral Leukop bk ﬁ?ﬂf&ﬁf :]fe' Cancer Mrj'lil ?:,J,: :;:Tf :;‘551-
'In.'l.ﬂ.'-:|1t&h:|' cancer)
Cowdom 194 n= 69 (%) n = 46 (%) n=6l{%)
{Arg'Trp + T Trp ) Intermediate + rapid 20 + 4 (35) 19 + 3 (48) Ref. 16 + 6(36) Ref.
(Heteroeygote + Variant)  Slow 45 (65) 24452 0.7 (0.4-1.3) 39wed)  0.9(0.5-15)
Cowdom 280 n= B9 (%) n = 59 (%) n=RL{%)
(ArgiHis + Hiv Hix} Intermediate + rapid 3% + 3 (47) 27 + 2 (4% Ref. 28 + 4(39) Ref.
(Heterozygote + Variant)  Slow 47 (53) 050 LO(06-1.9) 961 L1{0.619)
Cowlom 399 n= 36 (%) n =29 (%) n=32(%)
CatndCa i {Variant Intermediate + rapid I8 + 1(53) 541200 Ref. 14 + 044} Ref.
Slow 17 1477 23 (B0F  4.2(1.2-15.0) IR(56) 140541}

Frequencies of variants at codons 194 and 280 were few so heteroey gotes, which contain one variant allele, were pooled with variants 1w com-
pare in 3 populations. Since the mtpid acetylators are few ineach genotype group so the wm-e&xmled with intermediate acetvlators as one I
o compare 1 3 populations. Total numbers of heteroeypotes and variants ol ¢ 5 194 and 280 differ from those present in Table I becanse of
lack of acetvlation status data of few individuoals,

'Adjusted for age, sex, and wbacco doses —Frequency of slow acetyluting allele in leukoplakia patients with Gln/Gln genolype is signifi-
cantly more than the respective controls (p = 0L05).

TABLE VI = ESTIMATED FREQUENCIES OF XPD HAPLOTYPES [N NAT2 SLOW ACETYLATORS AND STRATIFIED SAMPLES AMONG THEM PRESENT
IN LEUKOPLAKIA, CANCER AND CONTROL POPULATIONS

Slenw acety btors and seratilied

samples among them Haplatypex

Wild
Variants with one nucleotide

Slow acetvlators

Variants with two nucleotides

Hraads

Og
M ERR OOeEERRE OOIMEERR MO OA R

Wild
Variants with one nucleotide

Exclusive smokers

Variants with two nucleotides

Mixed habituals Wild

Variants with one nucleotide

Variants with two nucleotides

=]

Wild
Variants with one nucleotide

Exclusive smokeless
Lobacon users

Variants with two nucleotides

FOORNNSENORA0IR AR NNIR00R00

oraobagataniagaiant

=
=
E

Cantral Leukophbiki OR,95% Cancer OR,95% C1
{chromasome {chromes ome 1 fcemiral vs. {chromaosome {oaninal 15
numherha (%) number)a (%) lenkop bk ia)' numsher) n (%) cancer)'

107 (25} Tl i26) Ref. o (25) Ref.

201(5) 10 (4} A i6)

159(37) 107 (40) 1.0{0.7-1.5) 163 (43) 1.1 {0B-1.6)

16(3) 9 (3) EXNN

107 (25) 6l (23)  0R(05-1.3) B (23 09(06-1.4)
2145} 914 9(2)
430 266 378

37(22) 48 (32) Ref. 15 (21) Ref.
9 (6) 4(3) 416)

6l (39) 54 (36) 0.7 (0 4-1.2) 32 (4a) 1.3 (0629
5 (3) 7{4) 1(2)

3925 32421y 06003-1.2) 18 (26) 1.1 {05-2.8)
54) Ti4) 0
156 152 0

16(20) 17 (21) Ref. 22 (24 Ref.
516) 2(3) 4{5)

31(38) 40 (50 1.2{0.5-3.1) 41 {47y 0.9 (04-2.3)
3(3) 0 2(3)

20125} 15 (22) 0B (03-2.4) 618 0602-1.6
T(R) ENEY] 33
B2 Bl BR

S3(28) 6 (18) Ref. 56(25) Ref.
6(3) 39 11 (5}

66 (35) 13 (38) 1.7 (0.6-5.5) a9z (42) 1.3 (0.8-2.2)
BEEY 1(3) 11}

471(25) 11§32y  2.000.6-6.8) 55 (25) L1 (06-1.9)

10(5) 0 5(2)
1940 34 220

Genotvpes at codons [36 (C/A), 302 (G/A) and 757 (A/C) on XPD in slow acetvlators and stratified samples in 3 populations were used

1o estimate the haplotype frequencies. Major variant haplotyvpes were compared in

populations,

'Crude OR.—"Few haplotypes could not be determined because of lack of genotype data.

between risk of cancer and polymorphism at this position among
slow acetylators. Additionally, polymorphism at codon 751 of
XPD (Lys = Gin) is located at ~50 bp upstream from poly (A)
signal and thus may affect XPD protein expression or function.
Therefore, individuals with the Lys/Lys penotype might have
lesser DNA repair capacity, because of less XPD expression/ac-
tivity than those with the Gln/Gln genotype.' " Variant genotype
(Asm/Asn) at codon 312 of XPD locus was also associated with
increased risk of cancer among rapid and intermediate acetylators
OR = 1.9 95% Cl 1.2-2.9) (Table 1¥). Rapid acetylation
might also be involved in the activation of carcinogens, since
hydroxylamines and hydroxamic acids of heterocyclic amines can
be further activated by NAT2 via O-acetylation.”™" So, rapid
NAT2 acetylation might result in O-acetylation of heterocyclic

amines, which might lead to DNA adduct formation. As a result,
NAT2 rapid and intermediate acetylators with variant genotype
(As/Asn) at codon 312 of XPD locus had more risk of cancer
{Table IV}, This observation is consistent with the report that sug-
pests that Asw'Asn genotype at XPD locus is associated with low
DMNA repair capacity.™

Since haplotype determines amino acid sequence and, hence,
the activity of a protein, so it is important to compare the haplo-
type frequencies in overall and stratified samples. Unlike reports
on breast cancer’' and basal cell carcinoma patients™ none of the
variant XPD haplotypes could modulate the risk of oral leukopla-
kia and cancer in overall samples and NAT2 rapid, intermediate
{data not shown) and slow acetylators (Table "-"I;}. It is interesting
to note that frequency of the haplotype (A™"-G2-A™') contain-
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TABLE VII = ESTIMATED FREQUENCIES OF XRCC! HAPLOTYPES IN NATZ S5LOW ACETYLATORS AND STRATIAED SAMPLES AMONG THEM
PRESENT IN LEUKOPLAKLA, CANCER AND CONTROL POFULATIONS

Slow acetylators and Coniral Leukopbki (R, 95% Tl Cancer IR, 95%
siratified samples Haploty pes {chramosome {chramosome foomiral vs. {chromesome 1 {comiral vs.
amem g them numher) [a (%)}  numhber) [a (%)) L'ui.xlplnl.ia.:l' numther) [N (%) cancer)
Slow acetylators Wild C-G-G 219(52) 102 (39) Refl 174 (46) Ref
Wariants with one nucleotide  C-05-A 116 (27) 103 (39) L7(01.2-24) 118 (31) 1.2 {09-1.6)
C-A-Lr 50(12) 3212y SLil4)
T4 30 25 (10) 33(9)
Total® 424 262 376
Exclusive smokers Wild C-G-G T (500 al (41} Refl 32 (48) Rel
WVariants with one nucleotide  C-05-A 449 (32) al (41) 1.5 (0.9-24) 19 (27) 0.8 (04-1.5)
C-A-lr 14 (%) 12 (8} 12 (17)
T-0-0 14 1% 15 (10) T (1)
Total 154 148 70
Mixed Habitals Wild C-G-G 55(67) 2R (35) Rel 3R (42) Refl
Variants with one nucleatide  C-(-A 18 (22) 29 (36) (L4700 334 24(LI-54)
C-A-lr 67} 14 (18) 11 (12}
T-0i-0s KRS a1l 10(11)
Tonal B2 R 90
Exclusive smokeless  Wild C-G-G BR(47) 16 (47) Rel 104 (48) Rel
tobacoo users Wariants with one nucleotide  C-05-A 449 (24) 12 (35) 1.5 (0.6-3.5) T0(32) 1.3 (B=-2.1)
C-A-G7 29(15) 6 (18) 26(12)
T-0-0s 22(12) 04 16 (7)
Taotal 18R 34 216

'Crude OR; penotype data at codon F94 (C/T), 280 (GIA) and 399 (A} o XROCT among slow acetylators and stratified samples among
them in 3 p-r.rpul..nmn-. were used Lo estimate the haplotype frequencies, —“Few haplotypes could not be determined because of lack ufgmul}pe
data, so “n”" differs from Table VI, Haplotypes containing more than one variant allele were either absent or less frequent (= 2% ) and, therefore,
were nol considered for comparison. The wild (C-0G-Gr) and major variant (C-0-A ) haplotypes were companed among 3 populations.

ing the variant allele A at codon !jﬁ was higher compared with
the wild haplotype {f M2 ATy among slow acetylators of
controls {W% and 2 25%, J'e'ipeﬂwely} Again, frequency of the
haplotype (¢ -A"7.¢™"), containing variant alleles at both £o-
dons 312 and 751, was equal to that of the wild haplotype it
G2 A"y among slow acetylators of controls (25% in each c.ﬂe}
(Table ¥1). Similar phemmemn was also observed in overall con-
trol population (data not shown). To explain this overrepresenta-
tion of variant haplotype, XPD genotypes at codons 156, 312 and
751 polymorphic sites among NAT2 slow acetylators were ana-
lyzed for pair-wise linkage disequilibriuvm using Haploview
(httpeffwww broad. mit.edu/mpghaploview) and Arlequin Version
2.0 (http:fanthro. unige. c]ﬂmﬁhme;’alle%uuﬂ It was observed that
the allele combinations (A5G (G2 A™ y and (AYAT) of
APD were in 1tmng positive linkage dwequllllmum =027,
po< 00001 7 = 045, p < 00001 and /= 0.16, p < 00001,
respectively). Because of pn'ﬂtwe luﬂc..jjge disequilibrium, fre-
quency of variant haplotype A" ) is over L'epl'esented in
the samples. Similar observations have Jlm been reported in other
studies on populations from (_qel'm.uw ! United ngdam?' and
Poland

Patients and controls carrying variant Giln/Giln genotype at
codon 399 of XROCT were further stratified into slow, rapid and
intermediate acetylators and it was observed that frequency of
slow acetylating allele in leukoplakia patients is significantly
maore than that in controls (p = 0.05, legend in Table V). To com-
pare the frequencies of slow acetylators carrying Gle/Giln geno-
type, rapid and intermediate acetylators (which are few in number
in leukoplakia group) were pooled as one group. Then, it was
observed that Giln/Giln genotype was associated with risk of leu-
koplakia (OR = 4.2, 95% Cl = 1.2-15.0) among slow acetylators
{Table ¥). But we like to mention that sample sizes were few in
intermediate and rapid acetylators (5 and 1, respectively) in leu-
koplakia group so significance of this result lies on the reproduci-
bility of the same result with larger sample sizes. The (7 to A tran-
sition at XRCCT codon 399 results in change from Arg to Gl in
the XRCCT BRCT domain that interacts with poly ADP ribose
phosphorylase. So, variant amino acid (f.e., Glr) at 399 of
XRCCI protein may be less efficient in DINA repair.” Variant ge-
notype at codon 399 of XRCC! also increased the risk of oral
SCC in different populations.'™' Since aromatic amines are less

detoxified in NAT2 slow acetylators, so these acetylators with
less active XROC! Gin/Gln genotype might become susceptible
to leukoplakia. Although NER is mainly involved in the removal
of bulky DNA adducts, these adducts are also repaired by BER
mechanism. DNA bulky adducts could destabilize the N-glycosyl
bonds, thus it can induce rapid d;epuummm or depyrimidation of
adducted bases for BER mechanism.®” Haplotype ﬂ'equemtew at
ARCCT were also estimated from the genotype data at 3 polymor-
phic sites. In the prev I.t'ILH study (controls = 348, leukoplakia =
197 and cancer = 310).'" we reported that variant haplotypes at
ARCCY increased the risk of leukoplakia in overall population as
well as risk of leukoplakia and cancer in only mixed tobacco
users of this population. In this study, we recruited additionally
41 controls and 27 lenkoplakia samples and pooled data with the
previously collected samples. After addition of these controls and
leukoplakia patients, similar results were also observed (data not
shown). In this study, frequencies of haplotypes at XROCT locus
were estimated among the slow acetylators of patient and control
pnggul.nmw It was observed that variant haplotype ('™ -G™%.
) was associated with increased risk leukoplakia among slow
.metyl.jmw (OR = 1.7,95% CI = 1.2-2.4) and leukoplakia and
cancer in mixed habituals among slow acetylators (OR = 3.1,
95% Cl = 1L4-7.1, 0R = 24, 95% CI = 1.1-54, respectively,
Table VII}. Mixed tobacco users had habit of both smoking and
smokeless tobacco (Table I). Among slow acetylators, mean
smoking doses of mixed habituals in control, leukoplakia and
cancer populations were similar to or more than those of exclu-
sive smokers in overall control, leukoplakia and cancer popula-
tions (data not shown). Additionally, mixed habituals had smoke-
less tobacco exposure. Among slow acetylators, mean smokeless
tobacco doses in mixed habituals of control, leukoplakia and can-
cer populations were also similar to or less than those of exclusive
smokeless tobacco users in overall control, leukoplakia and can-
cer populations (data not shown ). Although it has not been ascer-
tained but it could be assumed that mixed tobacco habituals were
exposed to more tobacco carcinogens than exclusive smokers or
smokeless tobacco users among the slow acetylators. Since aro-
matic amines are less detoxified in slow acetylators, so more
DMNA adducts were formed. As a result, slow acetylators with var-
ant XROC ! haplotypes became susceptible to leukoplakia and
cancer since variant alleles at XROC ! are less effective in DNA
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L'epau .ﬁ.pul't from XPO and XRCOC! loci, polymorphisms at
other 2 DNA repair loci (Thr = Met at codon 241 on XRCC and
Ser = Cys at codon 326 on GG, which are involved in the
repair of DNA double-strand breaks and removal of B-oxogua-
nine, respectively, were also analyzed in overall samples and
different acetylators. But none of these polymorphisms was asso-
ciated with the risks of leukoplakia and cancer in overall and
stratified samples (data not -{]mwn} We had also analyzed poly-
morphism data at GSTM 3 locus'™ in slow, inter mediate and rapid
acetylators, but risks of leukoplakia and cancer were not modu-
lated by GSTMI polymorphism in different acetylators {data not
shown).

Acetylation status did not modulate the risk of oral cancer and
leukﬁpl.jku in overall samples but variant X.Hf_f_! aemt\rp? at
codon 399 (GInGln, ie., A/A) and haplotype (O G747,
both containing A”™ allele either in diploid and haploid form,
respectively, increased the risk of leukoplakia among slow acety-
lators. XROCT haplotype (74674 was also associated
with increased risk of cancer and leukoplakia in a subset of slow
acetylators. Again, wild (Lys'Lys) and variant { Asm/Asr) genoty pes
at XPD could also increase the risk of cancer among slow and in-
termediate and rapid acetylators, respectively. So, it is concluded
that combination of 2 loci, working in carcinogen metabolism and
DMNA repair pathways, played important roles to enhance the risk
of oral cancer and leukoplakia. To explain this association at mo-
lecular level, expression profiles and biological functions of these
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variant genotypes and haplotypes should be studied in the similar
context. We like to mention few limitations in our study. First,
this is a hospital-based case—control study. The controls had dental
ailments such as carries and gingivitis, so selection bias may occur
and they may not be representative of the general population. Sec-
ond, although age, sex and tobacco dose were adjusted whenever
it required, but second hand smoke exposure, diet and other envi-
ronmental exposures were not adjusted in our logistic regression
models because of incomplete and missing information. Third,
although the sample sizes of this case—control study were large, in
few observations samples sizes became low after stratification. So,
it is necessary to repeat similar study with large case-control
samples.
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