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Abstract: Associations of GSTM1, GSTT1 and CYP1Al gene variants with risk of developing nasopharyngeal cancer
were evaluated in this case-control study, in which 130 cases along with 151 population-based healthy controls of
Pashtun ethnicity from Khyber Pakhtunkhwa province of Pakistan were recruited. Socio-demographic data were
obtained and blood samples were collected with informed consent for analysis. Specific RT-PCR and conventional PCR
methods were used to detect CYP1ALl and GSTs, respectively, and results analyzed through SPSS version 20. Study
showed that CYP1Al homozygous (C/C) had an almost 4-fold increased risk for nasopharyngeal cancer; while
heterozygous (T/C) had an almost 2 times increased risk. Overall the C allele is significantly associated with
nasopharyngeal cancer as compared to T allele. Null genotypes of GSTM1 were having 3-fold increased risk; whereas
null genotype of GSTT1 was having 2 times increased risk. Similarly, GSTM/GSTT both null genotype was having more
than 5 times increased association. Presence of all three gene variants showed strong and significant association.
Findings of the study suggest that presence of GSTM1 and/or GSTT1 null genotypes along with variant alleles of

CYP1AL are significant risk factors for nasopharyngeal cancer susceptibility in Pashtun population.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is rear around the
globe, with highest incidence rate in China and South East
Asian region. (Ferlay et al, 2010) Annually,
approximately 84,000 cases appear with the age
standardized rate (ASR) of 1.2 per 100,000 for both
genders. NPC is the 24™ most commonly diagnosed
cancer worldwide, while in developing countries it ranks
22" In Pakistan NPC is from moderate to high risk with
an estimated annual incidence of less than 1000 cases.
(Abbasi et al., 2011)

Multiple etiological factors are reportedly responsible for
the development of NPC like viral, environmental
influences, and heredity. (Zhang et al., 1999) Epstein-
Barr virus has been suggested as the leading cause but
research has shown that Epstein-Barr virus very rarely
resulted in the development of cancer. This clearly
indicates towards other influencing factors like, genetic
susceptibility and consumption of food (particularly salted
fish) containing carcinogenic nitrosamines (Chu et al.,
2008). Variation is also seen in the association of tobacco
use and NPC occurrence. Some have reported association
with tobacco, while others have reported no association.
(Fachiroh et al., 2012, Friborg et al., 2007, Guo et al.,
2009, Sriamporn et al., 1992) The variation in incidence
and mortality rate of NPC globally suggested the role of
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genetic and environmental factors in its pathogenesis.
Hence genetic susceptibility, gene expression profiling
and genetic polymorphism studies might help to aid in
better understanding of the carcinogenesis of NPC in near
future.

Keeping in view the mechanism of carcinogenesis of
various tobacco related carcinogens, we have mainly
focused on two families of genes responsible for the
expression of CYP1Al (phase | cytochromes P450),
GSTM1 and GSTT1 (phase Il glutathione-S-transferase)
enzymes, involved in carcinogen processing and oxidative
stress. CYP1ALl isoform (expressed by CYP1Al gene
located on chromosome 15¢q22-q24) is known to be
involved in the activation of tobacco related Poly
Aromatic Hydrocarbons (PAHs), Tobacco Specific
Nitrosamines (TSNAs) and aromatic amines into
carcinogenic species; while GSTs are involved in their
detoxification and excretion from the body (Khan et al.,
2015). GSTT1 locus has been mapped on chromosome
22q11.2 while GSTM1 loci exist on chromosome 1p13.3
(Bin et al., 2013). Genetic polymorphism in genes
encoding xenobiotic metabolizing enzymes may lead to
inter individual differences in patients and susceptibility
to particular cancer type can be determined by evaluating
polymorphism in these genes (Nebert et al., 1996). Some
individuals may be ‘genetically more susceptible’ that
carry alleles with more functional activity of carcinogen
processing enzymes and/or decreased activity of
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carcinogen detoxifying enzymes (Al-Dayel et al., 2008).
This argument can be further strengthened by the fact that
among the exposed individuals, under similar
environmental conditions, only few develop cancer.
Variation in alleles of different carcinogen metabolizing
enzymes, along with environmental factors such as
tobacco wuse, may highly influence an individual
susceptibility towards different types of cancers
(Zakiullah et al., 2014).

Genetic polymorphism in genes encoding xenobiotic
metabolizing enzymes mostly leads to heterogeneity in
patient’s carcinogen processing. Two families of genes i-e
CYPs (phase | cytochromes P450) and GSTs (phase Il
glutathione-S-transferase) are mainly focused in the
current study. The enzymes encoded by these genes play
vital role in carcinogen processing. Pro-carcinogens i-e
Poly Aromatic Hydrocarbons (PAHs), Tobacco Specific
Nitrosamines (TSNAs) and aromatic amines found in
tobacco products are activated to carcinogenic species by
CYPs, especially CYP1Al gene located on chromosome
15q22-g24; while GSTs (GSTT1 and GSTM1) play role in
their detoxification and excretion from the body. (Khan et
al., 2015) The locus of GSTTL is present on chromosome
22q11.2 while that of GSTM1 exists on chromosome
1p13.3 (Buch et al., 2001). Genetic susceptibility towards
a particular cancer type can be evaluated by
polymorphisms in these genes. Those individuals having
active form of carcinogens activating enzymes (CYPs) are
likely to be at high risk of cancer development while
those having in-active form of it will be at low risk (Al-
Dayel et al., 2008). Likewise, null genotypes of GSTT1
and GSTM1 may result in carcinogens amassing, leading
towards cancer development (Zakiullah et al., 2014).
Studies on the association of these genes with NPC have
so far showed variable results. One study has reported
association in Chinese population, while another study
from Taiwan has shown no association, which points
towards the differences in various ethnicities. (Junfeng.,
2011, Cheng et al., 2003)

Association of genetic polymorphisms of the above
mentioned genes with NPC has not been so far reported in
Pakistani Pashtun population. Therefore, a case-control
study was carried out in the said population of Khyber
Pakhtunkhwa province of Pakistan. This will help to
adopt pro-active approaches for early detection and
preventive life style modification strategies to decrease
the incidence of the disease in the target population.

MATERIALS AND METHODS

Sample collection

Study sample comprised of 130 NPC patients and 151
healthy control subjects between 30 and 70 years of age
as per exclusion/inclusion criteria. Patients were
registered at the Institute of Radiotherapy and Nuclear

Medicine (IRNUM), Peshawar, Khyber Pakhtunkhwa;
while eligible control samples were collected from
various districts of the same province. All the patients
were having histopathologically confirmed
nasopharyngeal carcinoma.

Inclusion criteria (patients)

Histo-pathologically proven NPC patients having age
between 30 and 70 years with Pashtun ethnicity, and not
less than 20 years of tobacco exposure in any form.

Exclusion criteria (patients)

Patients with non-Pashtun ethnicity and/or having more
than 70 years of age. Criteria for selection of control
subjects: Normal healthy age-matched subjects of similar
ethnicity with not less than 20 years of exposure to
tobacco in any form, and free from cancer. Prior approval
of the study was obtained from the Ethical Committee of
the Department of Pharmacy, University of Peshawar
(No. 440, dated 17.12.2011). Informed consent and
thorough interview was taken by expert in the relevant
field before blood collection on a carefully designed
proforma that contained information regarding age, place,
occupation, socioeconomic status, cancer type and
tobacco use habits etc. Three milliliters of whole blood
was collected from all subjects in properly labeled EDTA
tubes and genomic DNA was subsequently extracted by
using standard DNA Isolation kit (Purelink Genomic
DNA kit Invitrogen, USA) as per manufacturer’s
recommendations. The DNA quality and quantity were
determined using a double beam spectrophotometer
(Perkin Elmer series 200 system, Norwalk, USA).

Genotyping of CYP1AL (T>C, rs4646903)

The CYP1Al (T>C, rs4646903) polymorphisms were
analyzed using a previously reported highly specific Real
Time Polymerase Chain Reaction (RT-PCR). (Zakiullah
et al., 2014) Light SNiP rs4646903 (primers and probes)
and FastStart DNA Master Hyprobe kit were purchased
from Tib-Molbiol (Germany) and Roche Diagnostics
(Germany), respectively. Reaction was performed as per
supplier’s recommendation as follows. Reaction mix
comprised of Reagent Mix (1ul), FastStart DNA Master
(2ul), Magnesium chloride (25mm, 1.6ul), and water
(14.4ul). Finally, DNA (1pl, 100-150ng) was added to the
reaction mix to make the final volume 20ul
Thermocycler (MiniOpticon Model CFB-3120EDUUSA)
conditions were as follows: Denaturation at 95°C for 10
minutes; Cycling for 45 cycles of 95°C for 10 seconds,
45°C for 60 seconds and 72°C for 15 seconds; followed by
melting curves analysis at 95°C for 10 seconds, 40°C for 2
minutes through 75°C for 0 seconds. Duplicate samples
were used as control. Melting peaks at 51-52°C
represented wild type (T/T) allele; the one at 59-60°C
represented variant (C/C) allele, while samples giving two
peaks at 51°C and 59°C were heterozygous (T/C) allele

(fig. 1).
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Table 1: Demographic characteristics of nasopharyngeal carcinoma subjects
S. No. Variables | Control N (% within group) |  NPC N (% within group) P-value
1 Geographic Area (district)
Charsadda 15 (9.9 %) 0 (0 %)
Bannu DI Khan 12 (7.9 %) 18 (13. 8%)
Kohat 1 (0.6 %) 0 (0%)
Mardan 15 (9.9%) 18 (13.8 %)
Swat malakand 23 (15.2 %) 19 (14.6 %) 9
Nowshera 11 (7.2 %) 0 (0 %)
Peshawar 19 (12.5%) 19 (14.6 %)
Dir chitral etc. 8 (5.2 %) 0 (0%)
Swabi 9 (5.9 %) 19 (14.6 %)
Tribal 38 (25.16 %) 37 (28.4 %)
2 Age (yrs)
20-40 24 (15.8 %) 18 (13.8 %)
41-50 42 (27.8 %) 37 (28.4 %) 9
51-60 41 (27.1 %) 38 (29.2 %)
60+ 44 (29.1 %) 37 (28.4 %)
3 Occupation
Coal labour 5 (3.3 %) 19 (14.6 %)
Driver 9 (5.9 %) 0 (0%)
Farmer 44 (29.1 %) 0 (0%)
Labour 36 (23.8 %) 37 (28.4 %) 0
Press 1 (0.6 %) 0 (0%)
Odd jobs (laborious) 35 (23.1 %) 28 (21.5 %)
Farmer/labour (tobacco) 19 (12.5 %) 28 (21.5 %)
Teacher 2 (1.3 %) 18 (13.8 %)
4 Tobacco type used
Smoker 68 (45.0 %) 74 (56.9 %) 6
Naswar user 132 (87.4 %) 130 (100 %) 6
Other tobacco users 53 (35.0 %) 74 (56.9 %) 8
5 Age at 1st exposure (yrs)
10-15 66 (43.7 %) 37 (28.4 %)
16-20 57 (37.7 %) 56 (43.0 %) 3
21-25 11 (7.2 %) 18 (13.8 %)
25+ 17 (11.2 %) 19 (14.6 %)
6 Dalily use
Mild 109 (72.1 %) 93 (71.5 %) 8
Moderate 12 (7.9 %) 0 (0 %) '
Heavy 30 (19.8 %) 28.4 %)

Genotyping assay for GSTM1 and GSTT1

For the determination of homozygous null polymorphisms
of GSTM1 and GSTT1 previously reported method was
used, as described over here. (Zakiullah et al., 2015)

Primer sets used was 5'-
CATGTGACAGTATTCTTATTTC- 3, 5'-
ACTCAATCTCAGCATCACAGC- 3 and 5- ATCT
GTGGTCCCCAAATCAG-3, 5- GGGGGTTGTCTTTT

GCATAG-3', for GSTM1 and GSTTI respectively. PCR
was separately performed for both genes in a 25ul
reaction mixture containing 20mM Tris-HCl pH 9.0,
50mM  KCI, 2mM MgCl,, 200uM dNTPs (Promega,
USA), primers (Macrogen, South Korea) 10 pmol of each
set individually, 0.5 units of Taq DNA polymerase (Bio-
Labs, UK), and 50-100ng of genomic DNA. PCR was
individually performed in the GeneAmp PCR system
9700 (Applied Biosystems, USA). After an initial

denaturation at 95°C for 4 minutes, amplification was
carried out for 40 cycles at 95°C for 30 seconds, 52°C for
45 seconds and 72°C for 1 minute for GSTM1 and 55°C
for 45 seconds and 72°C for 1 minute for GSTTL,
followed by final elongation at 72°C for 10 minutes. The
PCR products were electrophoresed in a 1 % agarose gel
for analysis. GSTM1 and GSTT1 genotype were
identified by the presence of a band at 298 and 632 bp
respectively (fig. 2 and 3).

STATISTICAL ANALYSIS

Chi-square (y2) test was used to detect whether there were
significant (a = 0.05) differences in frequencies of genes.
Odds Ratios (OR) for each polymorphism using binary
logistic regression model were estimated with 95%
confidence intervals (Cls), and the difference in genotype
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prevalence and association between case and control
group were assessed independently as well as adjusted for
confounding factors. Age, gender, place of residence,
tobacco type used, amount of tobacco used per day and
age at first exposure were included as covariates as well
as all the possible genotypes studied. GSTM1 and GSTT1
were categorized on the basis of presence and absence
(null genotype) of the gene, while CYP1Al rs4646903
polymorphism was classified into homozygous wild type
and variant allele containing genotypes. Wild type was
used as reference group to assess the effects of the
different alleles. Analyses were performed by SPSS
(Version 20.0).

RESULTS

Subject Characteristics

Demographic and other subject characteristics of
nasopharyngeal cancer patients are shown in table 1.
Mean age of healthy subjects (controls) and cancer
patients were 54.14+1091 and 56.02£10.83 years,
respectively. Almost equal distribution was found in the
5" 6" and 7" decades of life with twenty-eight percent
(28.46 %) of the patients in the age range of 41-50 years;
similar percentage (29.23 % in the age range of 51-60
years, while 28.46 % of the patients in the range of 60+
years of age. All the patients were male and no female
patient during study period was observed. Highest
incidence (28.46 %) of nasopharyngeal cancer was
observed in tribal areas. Interestingly, equal distribution
(14 %) was observed in Bannu DI Khan, Malakand,
Mardan, Peshawar and Swabi districts; while no patient (0
%) was observed from Charsadda, Chitral, Dir, Kohat and
Nowshera areas. Highest incidence (cumulative 71.52 %)
was observed in patients having laborious jobs with a
significant portion (21.53%) working in tobacco
fields/industry. Interestingly, a significant portion (13.84
% and 14.61% each) was involved in teaching as
profession and coal mining. Several aspects of tobacco
use habit were noted including type of tobacco product
used, age at 1°' exposure and amount of tobacco used per
day. Hundred percent (100 %) of the patients were naswar
addicts while 56.92 % each were also smokers or using
other tobacco products specially hugga (chillum). Forty-
three percent patients started tobacco at the age of 16-20
years, while 28.46% started at the age of between 10-15
years, with mean age of 17 years. Majority (71.53%) of
the patients were mild users with interestingly no patient
(0%) having moderate use. About 28% were heavy users.

Genetic susceptibility to NPC due to CYP1A1l gene

The allele frequencies and genotype of CYP1Al
rs4646903 polymorphism among controls and cases are
given in table 2. In control group they were not departure
from Hardy-Weinberg equilibrium. The distributions of
genotypes of CYP1Al rs4646903 were significantly
different between the cases and controls groups (Pearson
chi Square y2 (05, 2=0.003, P>0.05). The prevalence of CC
and TC genotypes was more in cases (10.66 % and 33.33

% respectively) when compared to controls (3.57 % and
25 %). Homozygous variant type (C/C) had an almost 4-
fold increased risk for pharyngeal cancer, compared with
wild genotype (T/T) (OR: 3.810 (1.505-9.640), p-
value=.005); while heterozygous variant (T/C) had an
almost 2 times increased risk for oral cancer, compared
with wild genotype (T/T) (OR: 1.701 (1.055-2.743) p-
value = .029) at 95% CI, with almost no effect of
confounding factors (Adjusted OR=3.260 (1.252-8.486),
p-value= .016 and 1.556 (.944-2.5621.550, p-value= .083.
respectively). Overall the C allele is significantly
associated with the occurrence of pharyngeal cancer as
compared to T allele (OR=3.224 (1.688-6.159), p-value=
.000) which is slightly reduced in the presence of
confounding factors (Adjusted OR=2.834 (1.454-5.523),
p-value= .002). Allele carriage rate showed that the
absence of T allele is associated with the susceptibility to
nasopharyngeal cancer (Adjusted OR=3.224 (1.291-
8.052), p-value=.012).

Genetic susceptibility to NPC due to GSTT1 and GSTM1
gene

The allele frequencies and genotype of GSTs of both
control and pharyngeal cancer cases are given in Table 3.
The distribution of GSTM1 and GSTT1 genotypes were
significantly different between the cases and controls
groups (Pearson chi Square %2 05, 2=0.000, P>0.05).
When analyzed for individual genes the prevalence of null
genotypes of GSTM1 and GSTT1 was more in cases
(80.76% and 37.69% respectively) when compared to
controls (56.95% and 23.17% respectively). Null
genotypes of GSTM1 gene were having 3-fold increased
risk of pharyngeal cancer compared with wild type, which
increased when OR were adjusted for confounding factors
such as tobacco use habits, age and area of residence etc.
Whereas null genotype of GSTT1 gene was having 2
times increased risk with little or no effect of confounding
factors. Similarly, when analyzed for two GST gene
combinations the association of GSTM1 Null/GSTT1
positive combination was more and significant than
GSTM1/GSTT1 Null, which was having non-significant
association. GSTM/GSTT both null genotype was having
more than 5 times increased association with pharyngeal
cancer which further boosted up with adjustment for
confounding factors.

Combined effect of all three genes on NPC

Combined effect of GST and CYP1Al gene variants on
susceptibility to pharyngeal cancer was analyzed as given
in table 4. Presence of all three gene variants showed very
strong and significant association with nasopharyngeal
cancer as compared to control. Presence of both null and
GSTM1 null along with wild type CYP1Al gene also
showed strong and significant association with pharyngeal
cancer, which further enhanced in the presence of
confounding factors. Whereas presence of GSTM1 or
GSTT1 null alone, along with CYP1Al variant showed
weak and non-significant association.

2110

Pak. J. Pharm. Sci., Vol.32, No.5, September 2019, pp.2107-2116



Melt Curve

0.07

0.06

0.03

- -

-df/dt

Temperature (Celsius)

50 60

10

Zakiullah et al

Melt Curve

0.05¢

0.04 &

0.03 %

0.02 ¢

0.01 %

0.00

T T

Temperature (Celsiuns)

Fig. 1: Melting Peaks of RT-PCR of CYP1A1 rs4646903 polymorphism. Pink peaks represent CYP1A1 wild type
(T/T), while blue peaks are of variant alleles (T/C) and C/C).

Table 2: Genotypic, allelic and carriage rate frequencies of CYP1A1 rs4646903 (T>C) gene polymorphism in controls
and Nasopharyngeal carcinoma cases.

Genotype/allele Case N (%) | Control N (%) | Unadjusted OR (95% CI) | P-value | Adjusted OR (95% CI) | P-value
TIT 84 (56) 140 (71.4) Ref.
CIC 16 (10.6) 7(36) 3.8(15-9.6) 0 3.260 (1.252-8.486) 0
TIC 50 (33.3) 49 (25) 1.7 (1.05-2.7) 0 1.556 (.944-2.562 0
*T allele 218 (72.6) 329 (83.9) Ref.
*C allele 82 (27.3) 63 (16) 32(1.7-6.0) 0 2.834 (1.454-5.523) 0
Allele carriage rate
T#) 134 (89.3) 189 (96.4) Ref.
T0) 16 (10.6) 7(36) 3.2 (1.3-8.05) 0 2.834 (1.103-7.282) 0
cMH 66 (4) 56 (28.6) Ref.
cO 84 (56) 140 (71.4) 50 (3-.7) 0 1934 (.731-1.194) 5
*Alleles, total number of chromosomes in control and cases
Table 3: Crude and adjusted Odds Ratios (OR) of GSTs for Nasopharyngeal carcinoma
Genotypefallele Genetic_ Cases N Control N Crude OR P_value Adjusted OR P_value
polymorphism (%) (%) (95% CI) (95% CI)
GSTM1 Wild type 25 (19.2) 65 (43) Ref.
Null 105 (80.7) 86 (57) 3.1(1.8-5.4) .0 3.9(2.1-7.3) .0
GSTT1 Wild type 81 (62.3) | 116 (76.8) Ref.
Null 49 (37.7) | 35(23.1) 2.(1.1-3.3) 0 .2.0(1.1-35) 0
Combinations 2 QSTM/GSTT both 19 (14.6) 51 (33.8) Ref.
genes wild type
GSTM1Nul/GSTT1 | 62 (47.7) 65 (43) 2.5(1.3-4.8) .0 3.0(1.4-6.2) .0
GSTM1/GSTTINuI 6 (4.6) 14 (9.2) 1.4(.6-3.3) K] 1.0 (0.3-3.6) 9
nGuS"TM/GSTT both 43 (33) 21 (14) 5.4 (2.6-11.5) 0 6.4 (2.7-15.0) 0
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Table 4: Crude and adjusted Odds Ratios (OR) of GSTsand CYP1AL1 gene combination for Nasopharyngeal carcinoma

. . Control Cases Crude OR Adjusted OR

Genetic polymorphism N (%) N %) (95% CI) P-value (95% CI) P-value
GSTMGSTT and CYP1A1 wild type 40 13 Ref.

All 3 gene polymorphisms 7 24 10.5 (3.6-30.1) .0 10.0 (3.2-31.1) 0
GSTM1Nulland CYP1A1 33 23 2.1(0.9-4.8) .0 1.9 (0.7-4.9) 1
GSTT null and CYP1A1 4 4 3.0 (0.6-14.0) 1 1.8 (0.3-10.2) 4
Both GSTs and CYP1A1 11 6 1.6 (0.5-5.4) .3 1.354 (0.3-4.9) 6
GST both null and CYP1AT wild type 14 19 4.1(1.6-10.6) .0 4.8(1.6-14.2) 0
GSTM null and CYP1A1 wild type 32 39 3.7(1.7-8.1) .0 4.7 (1.9-11.5) 0
GSTT null and CYP1A1 wild type 10 2 0.6 (0.1-3.1) 5 0.5(0.0-3.4) 5

9 30 31 3DN

Fig. 2: Representative Electropherogram of GSTMI analysis: L is molecular weight marker (1kb); N represent
negative control; 1-32 are NPC sample; Duplicate sample was used as positive control (shown in rectangles); GSTMI
is obtained at298bp; GSTMI null samples are encircled.

T
13 7 13 11 10

Fig. 3: Representative Electropherogram of GSTMI analysis: L is molecular weight marker (100bp); N represent
negative control; 1-31 are NPC sample; Duplicate sample 7 was used as positive control (shown in rectangles);
GSTMI in NPC samples has been shown at 632bn: GSTMI null samples are encircled.
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DISCUSSION

Socio-demographic characteristics of cancer patients:
Age distribution pattern clearly demonstrates it as
contributing factor, and > 45 years of age should be
considered as risk factor for above NPC, as has been
reported in previous studies. (Llewellyn et al., 2004) As
far as gender is concerned we found only male patients
fulfilling our criteria during hole of our study period. The
reason may be that in Pashtun population tobacco
consumption is socially an unacceptable practice for
females and secondly the female patients may have
provided us inaccurate information, as our main stay
regarding tobacco habits were through questionnaire.
Similarly address of the patients revealed that NPC was
more prevalent in Tribal belt and adjacent districts. An
observation worth further exploration was noted.
Differential distribution of pharyngeal cancer among
different districts was observed. For example, Bannu DI
Khan and Swabi districts were having highest incidence
of pharyngeal cancer; while Dir and Chitral districts were
no NPC cases. This distribution points towards certain
specific etiologic factors that need to be explored. For
example, one of the reasons may be the intake of hot tea,
as residence of tribal belt and adjacent areas are
accustomed to it. Similarly, increased exposure to tobacco
in these districts due to tobacco farming (especially in
Swabi) and naswar consumption may be another factor.
Regarding occupation (that reflects socioeconomic status)
it was observed that generally the patients were very poor
having laborious jobs. Interestingly, significant portion of
the patients were having teaching and coal mining as
profession or were working in tobacco fields/industry.
Some of these findings points towards occupational
exposure to certain etiologic factors, for example,
teaching and coal mining. These observations may be
explained by continuous irritation of the pharynx For
example, teaching involves rigorous use of the pharynx
especially at primary and secondary level teaching, where
teachers use to take classes for whole of the working day.
Teaching style (e.g., very loud teaching) may also be a
contributing factor. Tobacco use pattern shows that
majority of the patients were exposed for more than 30
years to tobacco carcinogens. Use of chillum (hugqa) as a
contributing factor can be explained with fact that the
hugga is forcefully inhaled through pharynx thus
exposing it more than the oral cavity. A significant
portion of pharyngeal cancer cases were found to be
chillum addicts. Previous studies have reported tobacco
use including cigarette smoking, naswar intake and paan
chewing as the main risk factors for upper aero digestive
tract cancers.

Genetic susceptibility

It is well recognized fact that some individuals are more
susceptible to certain types of cancers within similar
environmental conditions. Different factors are involved

Zakiullah et al

in the initiation of carcinogenesis. These include, but not
limited to, polymorphisms in genes responsible for the
expression  of carcinogen metabolizing enzymes,
environmental exposure (such as tobacco use and alcohol
consumption) and dietary and life style habits of the
individuals. GSTs and CYP1Al are among the most
important enzymes involved in the processing of tobacco
related carcinogens.

The ubiquitous family of enzymes cytochrome P450 plays
an important role in the metabolic activation of major
classes of tobacco related carcinogens. These include
phase | enzyme CYP1ALl that is responsible for the
activation of benzo[a]pyrene and nitrosamines thus
affecting the metabolism of the environmental
carcinogens and altering the susceptibility to cancer.
Variation in CYP1Al gene may alter function of its
enzymes in such a way that toxicity of the extraneous
stimulating factors that directly influence tissues may be
enhanced, thus increasing susceptibility to cancer. (Hecht
et al., 1993, Bartsch et al., 2000) Two major relevant
polymorphic sites of the CYP1AL gene have been studied
in several types of cancer that lead to large inter-
individual differences in the activity of Aryl hydrocarbon
Hydroxylase (AHH) enzyme involved in the processing
of PAH and nitrosamines. One site (known as Mspl or
rs4646903) is located in the 3’-flanking region of the gene
(T6235C position) in which the presence of C has been
considered important risk factor. While the other (known
as lle/Val) (A4889G) is located in exon 7 (at codon 462)
that alters the protein structure by replacing an isoleucine
for a valine, making the carriers more susceptible to some
tobacco-associated cancers (Wang et al., 2002). Similarly,
GSTs like GSTT1 and GSTM1 are involved in the phase
Il metabolism that causes detoxfication of the
electrophilic/toxic  species generated in phase |
metabolism. Homozygous deletions in GSTM1 occur in
gene cluster at chromosome 1p13.3 resulting in loss of
GSTM1 gene expression and loss of GSTM1 enzyme
activity (Strange et al., 1998, Xu et al., 1998). Deletion of
GSTM1 gene has been reported in many cancer patient
populations, especially HNC (Hiyama et al., 2008).
Extensive polymorphism for GSTM1 locus has been
reported in Caucasians, with the presence of GSTM1a,
GSTM1b alleles and deletion genotypes (Seidegérd et al.,
1988, Hayes et al.,1995). Almost 50% of the Caucasians
lack this gene and its deletion has shown increased risk
for tobacco related cancers in this population (Smith et
al., 1994; Strange et al., 1998). Same type of deletion has
been reported in a population based study in Chinese and
Koreans (Kim et al., 2000, Park et al., 2000, Setiawan et
al., 2000). Different ethnicities have different patterns of
deletions that have been reported in Asians, Caucasians
(Chen et al., 1999, Cheng et al., 1999, Crump et al.,
2000), European and Hispanic (Cotton et al., 2000), and
Frech (Stiicker et al., 1999) populations. Similarly,
GSTT1 gene deletion has been studied in different
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populations. Some populations have shown association
while other has shown weak or no association (Casson et
al., 2003, Wang et al., 2004, Guo., 2005). Asians are
reportedly possessing highest GSTTL1 deletion genotype.
One study has shown that more than half of the Chinese
and forty percent of Malaysians have GSTT1 null
genotype (Lee et al., 1995), and beside HNC cancers are
also associated with increased incidence of laryngeal
cancers (Cheng et al., 1999).

We have addressed genetic, ethnic and demographic
factors associated with the incidence of NPC in Pashtun
population.  Present data shows that genetic
polymorphisms in GSTM1, GSTT1 and CYP1Al genes
have very important contribution towards the occurrence
of pharyngeal cancer in Pashtun population. CYP1Al
have shown a 4-fold independent association with oral
cancer, followed by GSTM1 and GSTT1 that have, 3-fold
and 2-fold independent association, respectively.
Combined effect of both GST genes is interesting.
GSTM1 null in the presence of GSTT1 have shown
association; while GSTT1 null in the presence of GSTM1
have no effect. This observation is predictable as GSTM1
is the main detoxifying enzyme as discussed previously.
But independent association of GSTT1 shows that it also
has significant contribution in the detoxification of
carcinogens, although to a lesser extent than GSTML.
Stated otherwise GSTM1 can compensate for GSTT1 but
not vice versa. Presence of both null genotypes has an
almost 6-fold association, which further strengthens the
contribution of GSTT1 null towards the increased
incidence of pharyngeal cancer. Similarly, null GSTs in
combination with CYP1A1 variant allele have almost the
effect of an etiological factor (OR = 10.549 (3.695-
30.116) at 95% CI). Similarly, when adjusted for age,
gender, place of residence, occupation, tobacco type used,
amount of tobacco used per day and age at first exposure
the risk further increased showing the importance of these
environmental and demographic factors.  All these
findings are consistent with previous studies that have
shown association of GSTM1, GSTT1 and CYP1A1 genes,
tobacco consumption (like naswar and cigarettes) and
other risk factors with pharyngeal cancer as discussed
above. In conclusion, our study shows that the CYP1A1,
GSTM1 and GSTT1 genes may be associated with the risk
of pharyngeal cancer, especially in the presence of
tobacco use.

Conclusion and recommendation

Based on above mentioned findings, reducing
consumption of tobacco (especially naswar in Pashtun
population) and elevating the socioeconomic status must
be regarded as the primary preventive strategies for the
control of nasopharyngeal cancer in Khyber Pakhtunkhwa
province. Similarly, projects should be designed by
governmental agencies to screen for genetically

regarding genetic susceptibility and environmental risk
factors be initiated in general public.
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