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Abstract Multiple genetic and environmental factors and
their interaction are believed to contribute in the pathogenesis
of Nasopharyngeal Cancer (NPC). We investigate the role of
Metabolic Phase I (CYPs) and Phase II (GSTs) gene polymor-
phisms, gene-gene and gene-environmental interaction in
modulating the susceptibility to NPC in Northeast India. To
determine the association of metabolic gene polymorphisms
and environmental habits, 123 cases and 189 controls blood/
swab samples were used for PCR and confirmed by Sanger
sequencing. Analysis for GSTM1 and GSTT1 gene polymor-
phism was done by multiplex PCR. The T3801C in the 3′-
flanking region of CYP1A1 gene was detected by PCR-RFLP
method. The Logistic regression analysis was used to estimate
odds ratios (OR) and 95% confidence intervals (95% CI). The
GSTM1 null genotype alone (OR = 2.76) was significantly
associated with NPC risk (P < 0.0001). The combinations of
GSTM1 null and GSTT1 null genotypes also higher, 3.77 fold
(P < 0.0001), risk of NPC, while GSTM1 null genotype along
with CYP1A1 T3801C TC + CC genotype had 3.22
(P = 0.001) fold risk. The most remarkable risk was seen
among individual carrying GSTM1 null, GSTT1 null geno-
types and CYP1A1 T3801C TC + CC genotypes (OR = 5.71,
P = 0.001). Further; analyses demonstrate an enhanced risk of
NPC in smoked meat (OR = 5.56, P < 0.0001) and fermented

fish consumers (OR = 5.73, P < 0.0001) carrying GSTM1 null
genotype. An elevated risk of NPC was noted in smokers
(OR = 12.67, P < 0.0001) and chewers (OR = 5.68,
P < 0.0001) with GSTM1 null genotype. However, smokers
had the highest risk of NPC among individuals carrying
GSTT1 null genotype (OR = 4.46, P = 0.001) or CYP1A1
T3801C TC + CC genotype (OR = 7.13, P < 0.0001). The
association of null genotypes and mutations of metabolic neu-
tralizing genes along with the environmental habits (tobacco
smokers and chewers, smoke meat, fermented fishes) can be
used as a possible biomarker for early detection and preven-
tive measure of NPC.
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Introduction

With an incidence well, under 1 per 100,000 populations per
annum nasopharyngeal carcinoma (NPC) is rare in most parts
around the world, but much more common among Cantonese
Chinese, natives of South-East Asia, Arabs living in North
Africa, Eskimos in Arctic and Native Americans [1]. It is an
uncommon malignancy in Indian subcontinent except for the
Northeastern states, especially Nagaland, Manipur, Mizoram
and Sikkim [2]. These racial and geographic distributions of
NPC suggest the involvement of both environmental and ge-
netic factors for its development.

Major risk factors associated with NPC include Epstein-
Barr virus infection [3, 4], consumption of salted fish [5],
other preserved foods and condiments [6, 7], uses of herbal
medicine [8, 9], cigarette smoking [10, 11] and/or alcohol
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consumption [12, 13] and genetic susceptibility, e.g. muta-
tions in one or more genes, family history of NPC, genetic
polymorphism, etc. [14]. Polycyclic aromatic hydrocarbons
(PAHs), N-nitrosamines, and heterocyclic aromatic amines
are known components of such dietary items, including tobac-
co [15]. Ethanol and acetaldehyde are known carcinogens
present in alcoholic drinks [16]. These compounds bind to
DNA to form DNA adducts that may lead to initiation of
carcinogenesis [17]. Phase I (CYPs) and Phase II (GSTs) en-
zymes activate and detoxify the carcinogens before eliminat-
ing from the body [18, 19]. However, inter-individual genetic
variation may alter enzymatic activity and subsequently car-
cinogens, activation or deactivation, thereby increasing sus-
ceptibility to cancer risk [20]. Cytochrome P450 1A1
(CYP1A1), is a Phase I enzyme, included in the cytochrome
P450 super family. One of its common polymorphism
CYP1A1 T3801C (CYP1A1-MspI or CYP1A1*2A or
rs4646903) has been associated with higher induction of
CYP1A1. The higher enzyme activity would result in in-
creased levels of carcinogenic intermediates, leading to great-
er risk of cancer development. The association of this
CYP1A1 single nucleotide polymorphism (SNP) with cancer
(e.g. head and neck, lung, breast cancer) was well documented
[21–23]. Glutathione S-transferases (GSTs) are another group
of enzymes involved in Phase II detoxification of carcinogens.
Homozygous deletion genotype of its two common isoforms,
GSTM1 and GSTT1 abolished enzyme activity thereby in-
creasing susceptibilities to carcinogens and has been linked
with cancers [24–27].

Complex disease such as cancer results from interactions of
multiple genetic and environmental factors. Studying these
factors singularly cannot explain the underlying pathogenic
mechanism of the disease [28]. Extensive investigations have
been carried in NPC with the genetic and environmental risk
factors with less emphasis on their interaction. Here, we de-
termined a high degree gene-gene and gene-environment in-
teractions that modulate an individual’s susceptibility to NPC.
In this case-control study the effect of polymorphisms in ma-
jor Metabolic Phase I (CYPs) CYP1A1, and Phase II (GSTs)
GSTM1 and GSTT1 gene polymorphisms on NPC, and their
differential effect according to diet (smoked meat and
fermented fish) and lifestyle (tobacco-betel quid chewing
and smoking) were investigated. Further, the degree of risk
of NPC among individuals carrying more than one
unfavourable genotype was also determined.

Materials and Methods

Ethical Statement

The study was approved by the Institutional Review Board
(IRB), Assam University, Silchar and written consent was

taken from all the participating subjects. All possible precau-
tions were taken to avoid any cross contamination while
collecting as well as processing the samples.

Sample Collection

A population-based case-control study of NPCwas conducted
among the ethnic population (viz.,Manipuri, Naga andMizo)
of Northeastern States of India. The oral swab/peripheral
blood of 123 histological confirmed NPC cases (diagnosed
between 2012 and 2014) and 189 healthy controls (without
family history of cancer) were collected. Controls were indi-
vidually matched to cases in sex, age, ethnicity and
neighbourhood.

All the subjects were interviewed using a standard ques-
tionnaire regarding tobacco habits (smoking and betel quid
chewing), alcohol drinking and smoked meat and fermented
fish intake. For dietary habits, subjects were divided to never
(who do not consume), regularly (who consumed weekly or
more) and occasionally (consuming monthly or biweekly).
Smokers and chewers were defined as having smoked or
chewed at least 1/day for six months. Those who had not
smoked or chewed betel quid were defined as non smokers
and chewers. They were further categorized based on their
frequency of consumption. Heavy smokers were those who
smoked at least ≥20 bidis/cigarettes per day for ≥20 years, and
light smokers where those who smoked <20 bidis/cigarettes
per day for <20 years. Whereas, heavy chewers where those
who chewed ≥10 doses per day for ≥20 years, and those who
chewed <10 doses per day for <20 years were defined as light
chewers. Similarly, subjects who had drunk alcoholic bever-
ages at least once a week for more than one year previously
were defined as drinkers, and non-drinkers were those who
had not drunk alcohol. Alcohol drinking was categorized as
light drinkers (< 5 drinks per week for <20 years) and heavy
drinkers (≥ 5 drinks per week for ≥20 years).

DNA Extraction and Genotyping

The genomic DNA was isolated from the collected blood
samples were digested in lysis buffer and incubated overnight
at 37 °C. The DNAwas subsequently isolated by phenol/chlo-
roform/ isoamylalcohol [29] method followed by ethanol pre-
cipitation and re-suspended in TE buffer and stored at −20 °C
for further used. GSTT1 null and GSTM1 null genotypes were
revealed by multiplex PCR-based assays with exon 7 of
CYP1A1 gene as an internal control. The forward (F) and
reverse (R) primers used for amplification were as follows:
for GSTT1, F5/−TTCCTTACTGGTCCTCACATTCTC-3/

and R5/−TCACGGGATCATGGCCAGCA-3/; for GSTM1,
F5 /−GAACTCCCTGAAAAGCTAAAGC-3 / and
R5 /−GTTGGGCTCAAATATACGGTGG-3 /; and for
CYP1A1, F5/−GAACTGCCACTTCAGCTGTCT-3/ and
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R5/−GCTGCATTTGGAAGTGCTC-3/ [30]. The PCR pro-
gramme was performed at 95 °C for 5 min for the initial
denaturation, following 30 cycles of denaturation at 95 °C
for 30 s, annealing at 59 °C for 45 s, extension at 72 °C for
30 s and final extension at 72 °C for 5 mins. A 480, 315 and
215 bp amplicons represents the GSTT1, CYP1A1 and
GSTM1 genes.

The polymorphisms ascribed to T3801C in the 3′-
flanking region of CYP1A1 gene was detected by PCR-
RFLP method. PCR amplification of a 343-base DNA
fragment containing a MspI restriction site was per-
formed, using the primers 5/−TAGGAGTCTTGTCT
CATGCCTT-3/and 5/−CAGTGAAGAGGTGTAGCCGC
T-3/ [31]. The PCR programme was performed at 95 °C
for 5 min for the initial denaturation, following 30 cycles
of denaturation at 95 °C for 30 s, annealing at 62 °C for
45 s, extension at 72 °C for 30 s and final extension at
72 °C for 5 mins. For the CYP1A1 T3801C genotype
analysis, a 343 bp fragment was digested by MspI restric-
tion enzyme (New England BioLabs, USA); a single
343 bp fragment represents the wild-type allele (TT),
three fragments of 343, 200 and 143 bp indicates for the
heterozygous (TC) and two fragments of 200 and 143 bp
for the variant allele (CC). The RFLP results were con-
firmed by sequencing 10% of the randomly selected sam-
ples from both cases and controls by Sanger sequencing
using Genetic Analyzer 3500, Applied Biosystems
(Molecular Medicine Lab, Department of Biotechnology,
Assam University, Silchar, India).

Statistical Analysis

Statistically significant differences between cases and
controls for demographic characteristics were assessed
by χ2 test. The association between the lifestyle habits
(diet, smoking and tobacco-betel quid chewing) and ge-
netic factors (GSTM1, GSTT1 and CYP1A1 T3801C ge-
notypes) and NPC risk was analyzed by calculating odds
ratios (ORs), 95% confidence intervals (95% CI), and
their corresponding P-values. The gene-gene interaction
and NPC risk, ORs were calculated for all the genotypes
in combination. Hypotheses generated prior to the study
were that deficient GSTM1, GSTTl and CYP1A1 T3801C
genotypes are NPC risk factors. It was also believed that
their impact may differ depending on lifestyle of the pa-
tients. The gene–environment interactions, stratified vari-
ables (genotype X environmental factor) were generated
and included in the logistic model simultaneously. A P-
value of less than 0.05 was considered to be statistically
significant. Departures from Hardy-Weinberg equilibrium
for CYP1A1 T3801C, genotype was evaluated by com-
paring the expected frequencies to observed genotype fre-
quencies using χ2 tests.

Results

Characteristics of the Study Population

The characteristics of the NPC patients and controls are repre-
sented in Table 1. There were no statistical differences between
the cases and controls in terms of sex (P = 0.7912) and age
(P = 0.9203). Significant variations were observed in consump-
tion of smoked meat (P < 0.0001), fermented fish (P = 0.0014)
and association with NPC risk. The ORs was (OR = 2.49, 95%
CI: 1.33–4.67; P = 0.004) and (OR = 1.98; 95% CI: 1.09–3.6;
P = 0.024). Smoking (P < 0.0001), tobacco-betel quid chewing
(P = 0.0059); and alcohol drinking (P = 0.0362) showed a
dose-dependent risk association with NPC (Fig. 1, Table 2).
Regular smoked meat intake had 2.49 fold (95% CI: 1.33–
4.67; P = 0.004) risk of NPC while fermented fish had nearly
2 fold (OR = 1.98; 95% CI: 1.09–3.6; P = 0.024) risk.
However, heavy chewers and smoker had higher NPC risk;
the ORs were 2.45 (95% CI: 1.24–4.7; P = 0.009) and 3.8
(95% CI: 1.95–7.7; P = <0.0001), respectively. No significant
risk association was observed with alcohol drinking.

Polymorphism in Metabolic Genes and NPC Risk

The genotypes of GSTT1, GSTM1 and CYP1A1 T3801C
were detected by the presence/absence of the desired band
on 1.5% agarose gel (Fig. 2). The frequency distributions were
66.4% and 43.4% for GSTM1 null genotype, and 45.5% and
36.5%, for GSTT1 null genotype in cases and controls. The
three genotypes of CYP1A1 T3801C viz. TT, TC and CC had
frequency distributions of 40.7%, 42.2%, 17.1% and 47.1%,
36.5%, 16.4% in cases and controls, respectively. Logistic
regression method was used to analyse the association be-
tween GSTT1, GSTM1 and CYP1A1 T3801C genotypes,
and NPC risk. It was found that GSTM1 null genotype was
associated with 2.76 fold risk of NPC (95% CI: 1.61–4.71;
P < 0.0001). GSTT1 and CYP1A1 T3801C genotypes did not
show a significant risk to NPC in the study population
(Table 2, Fig. 3).

Gene-Gene Interaction and NPC Risk

The interactions of GSTT1, GSTM1, CYP1A1 T3801C ge-
notypes and risk of NPC were analyzed (Table 3).
Significantly, elevated risk of NPC (OR = 3.77, 95% CI:
1.95–7.3; P < 0.0001) was observed among individuals car-
rying null genotypes of both GSTM1 and GSTT1. GSTM1
null genotypes in individual carrying CYP1A1 T3801C poly-
morphic variants had 3.2 fold increased risk of NPC (95% CI:
1.65–6.28; P = 0.001). However, highest risk of NPC
(OR = 5.71, 95% CI: 2.11–15.45; P = 0.001) was observed
in individuals carrying GSTM1 null, GSTT1 null and
CYP1A1 T3801C polymorphic variants.
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Gene-Environment Interaction and NPC Risk

To investigate the potential gene–environment interaction
analyses were carried out stratifying by lifestyle habits. The
interactions between GSTM1 and environmental factors were
examined (Table 4), a significant interaction was observed
among the occasional and regular smoked meat consumers
carrying GSTM1 null genotype. The ORs was 3.55 (95%
CI, 1.50–8.41; P = 0.005) and 5.56 (95% CI, 2.91–10.62;
P < 0.0001) in those carryingGSTM1 null genotypes compare
to 0.82 (95% CI, 0.32–2.12; P = 0.81) and 2.47 (95% CI,
1.06–5.77; P = 0.053) among those with the gene present.
Similarly, occasional and regular fermented fish consumers
carrying GSTM1 null genotype had 6.23 fold (95% CI,
2.47–15.82; P < 0.0001) and 5.73 fold (95% CI, 2.66–
12.34; P < 0.0001) elevated risk of NPC. Tobacco-betel quit
chewers and smokers carrying GSTM1 null genotypes

Table 1 Demographic
characteristics and socioeconomic
status of the study subjects

Variables Case, n = 123 (%) Control, n = 189 (%) χ2 P value

Sex: 0.07 0.7913
Male 73 (59.3) 108 (57.2)

Female 50 (40.7) 81 (42.8)

Age Group: 0.01 0.9203
≤ 50 80 (65.1) 122 (64.6)

> 50 43 (34.9) 67 (35.4)

Ethnicity: 6.48 0.0392
Manipuri 29 (23.6) 54 (28.6)

Naga 83 (67.5) 130 (68.8)

Mizo 11 (8.9) 5 (2.6)

Smoked meat intake 19.91 <0.0001
Never 28 (22.8) 78 (41.3)

Occasionally 30 (24.4) 57 (30.2)

Regularly 65 (52.8) 54 (28.5)

Fermented fish intake 13.16 0.0014
Never 48 (39) 111 (58.7)

Occasionally 20 (16.3) 28 (14.8)

Regularly 55 (44.7) 50 (26.5)

Tobacco-betel quid chewing 10.25 0.0059
Never 42 (34.2) 84 (44.5)

Light 37 (30.1) 68 (36)

Heavy 44 (35.7) 37 (19.5)

Smoking 20.74 <0.0001
Never 63 (51.2) 143 (75.7)

Light 22 (17.9) 21 (11.1)

Heavy 38 (30.9) 25 (13.2)

Alcohol intake 6.64 0.0362
Never 55 (44.7) 107 (56.6)

Light 33 (26.8) 50 (26.5)

Heavy 35 (28.5) 32 (16.9)

Bold values indicate statistical significance (P < 0.05)

*Distribution in frequencies were tested by chi-square test, and P < 0.05 is considered statistically significant
value

Fig. 1 Bar diagram showing the risk (Odds ratios) of NPC associated
with environmental factors. Regular consumption of smoked meat
(OR = 2.49) and fermented fish (OR = 1.98), heavy tobacco-betel quid
chewing (OR = 2.42) and smoking (OR = 3.8) were associated with NPC
risk. Alcohol drinking was not associated with NPC risk
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showed a dose-dependent risk association of NPC. The ORs
was 2.81 (95% CI, 1.29–6.12; P = 0.012) and 5.68 (95% CI,
2.46–13.08; P < 0.0001), respectively, in light and heavy
chewers, carrying GSTM1 null genotype compared to 0.88
(95% CI, 0.37–2.13; P = 0.825) and 2.24 (95% CI, 0.94–
5.35; P = 0.111), respectively, for those with the GSTM1 gene
present. Light smokers with GSTM1 null individuals had 7.84
fold (95% CI, 2.80–21.99; P < 0.0001) increased risk of NPC.
However, highest risk of NPCwas observed in heavy smokers
(OR = 12.67, 95% CI, 4.95–32.39; P < 0.0001) carrying
GSTM1 null genotypes.

For GSTT1 genotype, a statistically significant interaction
was observed among regular smoked meat and fermented fish
consumers. The ORs was 3.99 (95% CI, 1.84–8.68;
P = 0.001) and 3.50 (95% CI, 1.73–7.09; P = 0.001), respec-
tively, for individuals with GSTT1 null compare to 3.46 (95%
CI, 1.65–7.23; P = 0.001) and 2.27 (95% CI, 1.15–4.49;
P = 0.002), respectively, for those with the GSTT1 gene pres-
ent (Table 5). However, no interactions between GSTT1 and
occasional smoked meat and fermented fish consumers were
noticed. Heavy tobacco-betel quid chewers, carrying GSTT1
null genotype had 3.51 fold (95%CI, 1.44–9.42) elevated risk

Table 2 Distribution of GSTM1,
GSTT1 and CYP1A1 T3801C
genotype, smoked meat,
fermented fish, tobacco and
alcohol habits among the study
subjects

Variables Case, n = 123 (%) Control, n = 189 (%) ORs (95% CI)a *P value

GSTM1

Positive 41 (33.3) 107 (56.6) 1.0 Ref.

Negative 82 (66.4) 82 (43.4) 2.76 (1.61–4.716) <0.0001

GSTT1

Positive 67 (54.5) 120 (63.5) 1.0 Ref.

Negative 56 (45.5) 69 (36.5) 1.36 (0.8–2.31) 0.248

CYP1A1

TT 50 (40.7) 89 (47.1) 1.0 Ref.

TC 52 (42.2) 69 (36.5) 1.44 (0.79–2.59) 0.225

CC 21 (17.1) 31 (16.4) 1.03 (0.48–2.21) 0.931

TC + CC 73 (59.3) 100 (52.9) 1.3 (0.75–2.23) 0.34

χ2 (HWE), P value 1.34, 0.245 7.1, 0.007 – –

Smoked meat intake

Never 28 (22.8) 78 (41.3) 1.0 Ref.

Occasionally 30 (24.4) 57 (30.2) 1.2 (0.6–2.41) 0.601

Regularly 65 (52.8) 54 (28.5) 2.49 (1.33–4.67) 0.004

Fermented fish intake

Never 48 (39) 111 (58.7) 1.0 Ref.

Occasionally 20 (16.3) 28 (14.8) 1.23 (0.57–2.67) 0.592

Regularly 55 (44.7) 50 (26.5) 1.98 (1.09–3.6) 0.024

Tobacco-betel quid chewing:

Never 42 (34.2) 84 (44.5) 1.0 Ref.

Light 37 (30.1) 68 (36) 0.98 (0.52–1.84) 0.965

Heavy 44 (35.7) 37 (19.5) 2.42 (1.24–4.7) 0.009

Smoking

Never 63 (51.2) 143 (75.7) 1.0 Ref.

Light 22 (17.9) 21 (11.1) 2.9 (1.3–6.49) 0.009

Heavy 38 (30.9) 25 (13.2) 3.8 (1.95–7.7) <0.0001

Alcohol intake

Never 55 (44.7) 107 (56.6) 1.0 Ref.

Light 33 (26.8) 50 (26.5) 0.76 (0.39–1.48) 0.433

Heavy 35 (28.5) 32 (16.9) 1.83 (0.92–3.65) 0.084

Bold values indicate statistical significance (P < 0.05)

Ca/Co Case/Control, Ca cases, Co controls

*Fisher’s exact test used to calculate P value and P < 0.05 considered as statistically significance
a Odds adjusted for sex, age, ethnicity, smoked meat, fermented fish, smoking, tobacco-betel quid, alcohol and
CYP1A1 T3801C, GSTM1 and GSTT1 genotypes as appropriate
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of NPC while there was no-risk association in light chewers.
Similarly, significant interaction was also observed in smokers
carrying GSTT1 null genotype. The OR was 4.60 (95% CI,
1.29–16.4; P = 0.025) in light and 4.46 (95% CI, 1.89–10.56;
P = 0.001) in heavy smokers compare to an OR of 2.89 (95%
CI, 1.31–6.37; P = 0.01) and 4.82 (95% CI, 2.21–10.54;
P < 0.0001) for those with the GSTT1 gene present.

We also observed a significant interaction of CYP1A1
polymorphisms with lifestyle habits (Table 6). Regular con-
sumption of smoked meat in individuals with CYP1A1
T3801C variant (TC + CC) genotypes had 4.12 fold (95%
CI, 1.89–8.99; P < 0.0001) increased risk of NPC whereas
wild-type carriers had 4.38 fold (95% CI, 1.85–10.35;
P = 0.001) risk. Similarly, regular fermented fish consumers
carrying the CYP1A1 T3801C variant genotypes had an OR
of 3.32 (95% CI, 1.56–7.05; P = 0.003) versus 2.53 (95% CI,
1.20–5.35; P = 0.023) in individuals with the TT genotype. A
significant interaction was noted among heavy tobacco-betel
quid chewers and smokers in those individual polymorphic
for CYP1A1 T3801C. The ORs was 2.86 (95% CI, 1.20–

6.82; P = 0.03) and 7.13 (95% CI, 2.88–17.68; P < 0.0001),
respectively, for individuals carrying CYP1A1 T3801C vari-
ant genotypes, whichwas significantly higher than individuals
with CYP1A1 T3801C TT genotype .

Discussion

To the best of our knowledge, this is the first report on the
impact of combined effects ofCYP1A1 (T3801C),GSTT1 and
GSTM1 genes with the tobacco habits, smoked meat and
fermented fish consumption in the susceptibility to NPC in
the ethnic northeast Indian population.

We found that individuals with tobacco habits were at an
increased risk of NPC. Smokers were significantly associated
with the risk of NPC development. These results are compat-
ible with previous epidemiological data that show a strong
correlation between cancer and smoking [17, 32]. The habits
of smoking (cigarette/bidi), tobacco-betel quid (with or with-
out tobacco) chewing and other tobacco products like gutkha,
paan-masala, khaini are endemic throughout the Indian sub-
continent and shown the relation between chewing and head
and neck cancer [24, 33]. Our data showed significant associ-
ation between smoked meat and fermented fish consumption;
and NPC risk. These are traditional staple foods consumed in
several regions of Northeast India, especially NPC-endemic
areas. Smoked meat consumption is linked with high preva-
lence of NPC [9], and in our study, also observed a 2.4 fold
increased risk to NPC.

CYP1A1, GSTT1 and GSTM1 belong to a super family of
Phase I and Phase II xenobiotics metabolizing enzymes.
These enzymes play a vital role in resisting a large variety of
chemical carcinogens and environmental toxicants that are
probably associated with cancer risk [34, 35]. Many studies
showed conflicting role of GSTT1 null and GSTM1 null ge-
notypes on NPC risk [36, 37]. Here, we found a significant
association between GSTM1 (2.76 fold) null genotype and

Fig. 2 Polymorphisms in CYP1A1 T3801C, GSTM1 and GSTT1
metabolic genes a GSTT1 and GSTM1 polymorphism: Ethidium
bromide stained gel GSTM1 null genotype (lanes 1, 3, 4, 5, 6, 7, 9, 10,
11 and 12); GSTT1 null genotype (lanes 2, 3, 5, 8 and 9); GSTM1-
GSTT1 wild type genotype (lane 13) and both GSTM1-GSTT1 null

genotypes (lanes 3, 5 and 9); b CYP1A1 T3801C polymorphism:
Ethidium bromide stained gel CYP1A1 TT wild genotype (lanes 5, 6,
13 and 14); CYP1A1 TC heterozygous genotype (lanes 3, 4, 7, 10, 11,
and 12); CYP1A1 CC mutant genotype (lanes 1, 2, 8, 9, and 15)

Fig. 3 Bar diagram showing the risk (Odds ratios) of NPC associated
with CYP1A1 T3801C, GSTT1 and GSTM1 polymorphism. GSTM1
null genotypes (OR = 2.49) was associated with NPC risk. CYP1A1
T3801C and GSTT1 polymorphisms were not associated with NPC risk
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incidence of NPC, but not withGSTT1 gene. However, recent
meta-analysis demonstrate higher incidence of NPC in indi-
viduals carrying the defective GSTT1 and GSTM1 genes [38].
As reported earlier, CYP1A1 T3801C polymorphism was not
associated with NPC risk [39] and other cancers [40].

NPC is polygenic disease and polymorphism in individual
genes cannot explain the underlying pathogenic mechanism.
To understand such complex diseases the cumulative effect of
many polymorphisms is more likely important. To date, no
studies have examined the risk conferred by the combination
of CYP1A1, GSTT1 and GSTM1 polymorphisms in the en-
demic part of northeast Indian population. Studies in an en-
demic region have shown the elevated risk of NPC in both
GSTT1 null and GSTM1 null genotypes [36, 37]. Similarly,
we found that GSTM1 null genotype in the absence of GSTT1
genotype had a 3.77 fold increased risk of NPC. Significant
interaction was also observed between GSTMI and CYP1A1

genes (P = 0.001). However, highest risk of NPC (5.71 folds)
was observed in individual carrying the defective genotypes
of GSTT1, GSTM1 and CYP1A1 T3801C, suggesting that
cross talk between these genes might modulate susceptibility
towards NPC. Similar results were reported in head and neck
cancers (HNC) [32, 41].

Furthermore, significant gene-environment interactions
that further modify the risk of NPC were noted. When a com-
bine effect of diet (smoked meat and fermented fish) and ge-
notypes were considered, highest joint effect was observed in
individual with GSTM1 null or GSTT1 null genotypes
(P < 0.0001). Significant interaction was also observed with
CYP1A1 T3801C polymorphic variants, which modulate the
risk of NPC (P = 0.001). These foods are highly contaminated
by nitrosamines and nitrosamine precursors as a result of pro-
cessing. Smoked meat contains nitrosodimethylamine
(NDMA ) , n i t r o s o d i e t h y l am i n e (NDEA ) a n d

Table 3 Odds ratios for the
interaction of GSTM1, GSTT1
and CYP1A1 T3801C genotypes
in the study subjects

Genotypes Cases,
n = 123(%)

Controls, n = 189
(%)

ORs (95% CI) *P
value

GSTM1and GSTT1

M1 (+/+) and T1 (+/+) 26 (21.2) 67 (35.4) 1.0 Ref.

M1 (+/+) and T1 (−/−) 15 (12.2) 40 (21.2) 0.96 (0.45–2.03) 0.928

M1 (−/−) and T1 (+/+) 41 (33.3) 53 (28.1) 1.95 (1.06–3.59) 0.031

M1 (−/−) and T1 (−/−) 41 (33.3) 29 (15.3) 3.77 (1.95–7.3) <0.0001

GSTM1and CYP1A1 T3801C

M1 (+/+) and TT 18 (14.6) 51 (27) 1.0 Ref.

M1 (+/+) and TC or CC 23 (18.7) 56 (29.6) 1.16 (0.57–2.39) 0.716

M1 (−/−) and TT 32 (26) 38 (20.1) 2.39 (1.17–4.85) 0.021

M1 (−/−) and TC or CC 50 (40.7) 44 (23.3) 3.22 (1.65–6.28) 0.001

GSTT1and CYP1A1 T3801C

T1 (+/+) and TT 24 (19.5) 53 (28.1) 1.0 Ref.

T1 (+/+) and TC or CC 43 (34.9) 67 (35.4) 1.46 (0.78–2.7) 0.229

T1 (−/−) and TT 26 (21.2) 36 (19.1) 1.94 (0.97–3.87) 0.057

T1 (−/−) and TC or CC 30 (24.4) 33 (17.4) 1.52 (0.77–3.11) 0.216

GSTM1, GSTT1 and CYP1A1 T3801C

M1 (+/+), T1 (+/+) and TT 9 (7.3) 30 (15.9) 1.0 Ref.

M1 (+/+), T1 (+/+) and TC or
CC

17 (13.8) 37 (19.6) 1.53 (0.59–3.92) 0.374

M1 (−/−), T1 (+/+) and TT 15 (12.2) 23 (12.2) 2.17 (0.8–5.84) 0.124

M1 (−/−), T1 (+/+) and TC or
CC

26 (21.2) 30 (15.9) 2.88 (1.61–7.18) 0.023

M1 (+/+), T1 (−/−) and TT 9 (7.3) 21 (11.1) 1.42 (0.48–4.2) 0.517

M1 (+/+), T1 (−/−) and TC or
CC

6 (4.9) 19 (10) 1.05 (0.32–3.43) 0.932

M1 (−/−), T1 (−/−) and TT 17 (13.8) 15 (7.9) 3.77
(1.36–10.45)

0.011

M1 (−/−), T1 (−/−) and TC or
CC

24 (19.5) 14 (7.4) 5.71
(2.11–15.45)

0.001

Bold values indicate statistical significance (P < 0.05)

Ca/Co Case/Control, Ca cases, Co controls

*Fisher’s exact test used to calculate P value and P < 0.05 considered as statistically significance
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Table 5 Association between
GSTT1 genotype and NPC,
stratified by by smoked meat,
fermented fish, smoking and
tobacco-betel quid habits

Variables GSTT1 positive GSTT1 negative

Ca/Co OR (95% CI) *P value Ca/Co OR (95% CI) *P value

Smoked meat intake

Never 16/49 1.0 Ref. 12/29 1.27 (0.53–3.02) 0.654

Occasionally 14/40 1.22 (0.55–2.73) 0.682 14/17 2.52 (1.03–6.16) 0.059

Regular 35/31 3.46 (1.65–7.23) 0.001 30/23 3.99 (1.84–8.68) 0.001

Fermented fish intake

Never 28/71 1.0 Ref. 20/40 1.27 (0.64–2.52) 0.593

Occasionally 13/20 1.65 (0.73–3.72) 0.279 7/8 2.22 (0.76–6.48) 0.227

Regular 26/29 2.27 (1.15–4.49) 0.022 29/21 3.50 (1.73–7.09) 0.001

Smoking

Never 29/89 1.0 Ref. 34/54 1.93 (1.06–3.51) 0.033

Light 16/17 2.89 (1.31–6.37) 0.010 6/4 4.60 (1.29–16.4) 0.025

Heavy 22/14 4.82 (2.21–10.54) <0.0001 16/11 4.46 (1.89–10.56) 0.001

Tobacco-betel quid chewing

Never 24/55 1.0 Ref. 18/29 1.42 (0.62–3.02) 0.435

Light 22/43 1.17 (0.58–2.36) 0.721 15/25 1.38 (0.62–3.03) 0.536

Heavy 21/22 2.19 (1.02–4.67) 0.051 23/15 3.51 (1.58–7.82) 0.003

Bold values indicate statistical significance (P < 0.05)

Ca/Co Case/Control, Ca cases, Co controls

*Fisher’s exact test used to calculate P value and P < 0.05 considered as statistically significance

Table 4 Association between
GSTM1 genotype and NPC,
stratified by smoked meat,
fermented fish, smoking and
tobacco-betel quid habits

Variables GSTM1 positive GSTM1 negative

Ca/Co OR (95% CI) *P value Ca/Co OR (95% CI) *P value

Smoked meat intake

Never 13/44 1.0 Ref. 15/34 1.49 (0.63–3.52) 0.386

Occasionally 9/37 0.82 (0.32–2.12) 0.810 21/20 3.55 (1.50–8.41) 0.005

Regular 19/26 2.47 (1.06–5.77) 0.053 46/28 5.56 (2.91–10.62) <0.0001

Fermented fish intake

Never 17/59 1.0 Ref. 31/52 2.07 (1.03–4.14) 0.057

Occasionally 2/18 0.39 (0.08–1.77) 0.345 18/19 6.23 (2.47–15.82) <0.0001

Regular 22/30 2.55 (1.19–5.47) 0.020 33/20 5.73 (2.66–12.34) <0.0001

Smoking

Never 18/76 1.0 Ref. 45/67 2.84 (1.5–5.35) 0.001

Light 9/14 2.71 (1.03–7.13) 0.054 13/7 7.84 (2.80–21.99) <0.0001

Heavy 14/17 3.48 (1.47–8.24) 0.008 24/8 12.67 (4.95–32.39) <0.0001

Tobacco-betel quid chewing

Never 15/17 1.0 Ref. 27/37 2.29 (1.07–4.88) 0.039

Light 11/39 0.88 (0.37–2.13) 0.825 26/29 2.81 (1.29–6.12) 0.012

Heavy 15/21 2.24 (0.94–5.35) 0.111 29/16 5.68 (2.46–13.08) <0.0001

Bold values indicate statistical significance (P < 0.05)

Ca/Co Case/Control, Ca cases, Co controls

*Fisher’s exact test used to calculate P value and P < 0.05 considered as statistically significance
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nitrosopyrrolidine (NPYR) which are knownmutagen and has
proven to be risk factors for NPC [35, 42]. Therefore, such an
interaction is biologically possible as individual with the de-
fective genotypes do not have proper enzyme activity and are
more susceptible to carcinogens present in the preserved
foods. To our knowledge, we reported for the first time a
strong effect modification by diet of the association between
metabolic genes and NPC.

In addition, we observed a significant interaction of meta-
bolic gene with tobacco habits. Recent studies conducted in
India, showed that GSTM1, GSTT1 and CYP1A1 genes are
associated with cancer among chewers [41, 43]. Tobacco-
betel quid chewing results in the exposure to tobacco specific
nitrosamines (TSNA) and nitrosamines derived from areca or
betel nut alkaloids, which are known carcinogens. In our
study, chewers carrying the defective GSTM1 gene had 5.86
fold increased risk of NPC. Significance interaction was ob-
served in chewers with GSTTI null or CYP1A1 T3801C poly-
morphic variants (P < 0.05). However, highest risk (12.67
fold) of NPC was observed in GSTM1 null individual with
habits of smoking. Tobacco smoke contains over 60 potent
carcinogens including polycyclic aromatic hydrocarbons, ar-
omatic amines, N-nitroso compounds. These chemicals can
generate reactive oxygen species (ROS), form bulky adducts;
induce a variety of oxidative damage and single strand break

[44, 45]. Similarly, smokers with defective GSTT1 gene (4.46
fold) were associated with NPC risk. A recent study conduct-
ed on head and neck cancer has also reported significant in-
teractions of GSTT1 and GSTM1 gene polymorphisms with
smoking [33]. NPC is strongly associated with smoking, and
no study has been conducted that explore the role of CYP1A1
polymorphism in the risk of developing NPC in smokers.
Here, we observed a significant increased (7.13 fold) risk of
NPC in smokers carrying the CYP1A1 TC + CC genotypes.
Our result is supported by previous studies conducted on
HNC in northern and southern India [43, 46]. However, few
studies [47, 48] did not find a relationship between smoking
and risk of cancer with the CYP1A1 polymorphisms.

Besides the role of genetic and environmental factors, stud-
ies have also suggested the involvement of epigenetic changes
towards cancer progression [49, 50]. Promoter methylation in
tumor suppressor genes (TSGs) is thought to be a key event in
the initiation and progression of cancer, including NPC
[51–54]. Moreover, environmental factors such as tobacco,
alcohol, diet and viral infection may also lead to a wide range
of epigenetic changes that promote genomic instability and
contribute to tumor development [55–57]. EBV load were
found to be correlated with aberrant promoter hypermethyla-
tion of DAP-kinase, p16, RASSF1A and TSLC1 genes in
NPC [58, 59]. The viral genes are thought to have contributed

Table 6 Association between
CYP1A1 T3801C genotype and
NPC, stratified by smoked meat,
fermented fish, smoking and
tobacco-betel quid habits

Variables CYP1A1 TT CYP1A1 TC + CC

Ca/Co OR (95% CI) *P value Ca/Co OR (95% CI) *P value

Smoked meat intake

Never 12/42 1.0 Ref. 16/36 1.56 (0.66–3.69) 0.381

Occasionally 13/27 1.69 (0.68–4.19) 0.346 17/30 1.98 (0.83–4.72) 0.131

Regular 25/20 4.38 (1.85–10.35) 0.001 40/34 4.12 (1.89–8.99) <0.0001

Fermented fish intake

Never 19/50 1.0 Ref. 29/61 1.25 (0.63–2.48) 0.602

Occasionally 5/12 1.10 (0.35–3.43) 1.00 15/16 2.47 (1.03–5.88) 0.067

Regular 26/27 2.53 (1.20–5.35) 0.023 29/23 3.32 (1.56–7.05) 0.003

Smoking

Never 27/67 1.0 Ref. 36/76 1.18 (0.65–2.13) 0.650

Light 8/5 3.97 (1.24–12.69) 0.027 14/16 2.17 (0.94–5.0) 0.078

Heavy 15/17 2.19 (0.97–4.95) 0.082 23/8 7.13 (2.88–17.68) <0.0001

Tobacco-betel quid chewing

Never 13/31 1.0 Ref. 29/53 1.3 (0.6–2.85) 0.557

Light 17/41 0.99 (0.42–2.32) 1.00 20/27 1.77 (0.75–4.17) 0.275

Heavy 20/17 2.81 (1.14–6.93) 0.040 24/20 2.86 (1.20–6.82) 0.030

Bold values indicate statistical significance (P < 0.05)

Ca/Co Case/Control, Ca cases, Co controls

*Fisher’s exact test used to calculate P value and P < 0.05 considered as statistically significance
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in epigenetic silencing either through activation of DNA
methyltransferases (DNMT) [60] or interaction with transcrip-
tional repression [61]. Other factors like diet and lifestyle have
also showed higher frequency of E-cadherin, p15, p16INKa,
MGMT, p14ARF, DAPK, GSTP1 and BRCA1 genes promot-
er methylation in head and neck cancers (HNC) [57, 62–67].
Carcinogens including nitrosamines, acetaldehyde, poly-
aromatic hydrocarbons (PAHs) like NNK, Benzo[a]pyrene
etc., are common constituent of such factors which can impact
methylation patterns by alteringDNMTactivity and leading to
cancer development [68, 69].

Our findings confirm the role of environmental factors
along with genetic polymorphisms as risks enhancers in the
etiology of NPC among the ethnic population of northeast
India.. However, the potential relationship between carcino-
genic exposure and epigenetic changes cannot be neglected
and are vital for understanding cancer development.

Conclusion

We showed that the null genotype of GSTM1 is a strong
predisposing risk factor for NPC. The combine effects of var-
iant genotypes (gene-gene interactions) indicate the risk for
developing NPC. Further, the interaction between the
GSTM1 null and GSTT1 null genotypes or CYPA1A
T3801C polymorphic variant, and the environmental factors
significantly modify the risk of NPC in the study population.
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