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4.1 Background 

The effects of environmental exposure to carcinogens in the form of BN, tobacco and 

smoking are neutralized by phase I and phase II biotransformation enzymes (e.g. 

cytochromes P450 and glutathione S-transferases, epoxide hydrolases and N-acetyl 

transferases) [1]. However, genetic polymorphisms are known to modulate the cancer 

susceptibility through differential ability to metabolize the carcinogenic compounds 

[2]. 

Microsomal epoxide hydrolase (mEH) (EPHX1) plays a dual function, both in 

detoxification and in the activation of pro-carcinogens depending on the types of 

exposed environmental compounds [3]. The EPHX1 gene is 35.48 kb in length with 8 

intron and 9 exon, and is located on chromosome 1q42.1. It is expressed in most 

human tissues, including the lungs and upper aero-digestive tract [3,4] and it catalyzes 

the hydrolysis of reactive epoxide to trans-di-hydrodiols, which can be conjugated and 

excreted from the body [5]. Two distinct EPHX1 genetic polymorphisms are associated 

with differential enzyme activity and are considered risk factors for cancer; one in exon 

3 (T>C, Tyr113His) which shows reduced enzyme activity by at least 50% (slow 

allele); and other in exon 4 (A>G, His139Arg) that shows increased activity by at least 

25% (fast allele). Variation in enzyme activity due to EPHX1 gene polymorphism   

may lead to a variation in the susceptibility to cancers [1, 6]. Numerous epidemiologic 

studies reported the association of these two functional polymorphisms with HNC and 

other types of cancer. The EPHX1 113 His variant allele increases the risk of colorectal 

[4, 7], esophagus [8], and hepatocellular carcinoma [9], but reduce the risk of ovarian 

[10] and lung cancer [11]. However, EPHX1 139 variant allele increased the risk of 

oesophagus, [4] larynx, pharynx and oral cancer [11, 12]. 

The arylamine N- acetyltransferases (NAT) play an important role in detoxification 

and/or activation of several exogenous chemical compounds such as aromatic and 

heterocyclic amines which are potential carcinogens [13]. Two polymorphic 

isoenzymes, NAT1 and NAT2 are found on the chromosomal location 8p21.3-23.1 

[14]. There are four major NAT1 genotypes present in 3`-untranslated region that can 

be identified by polymerase chain reaction (PCR)-restriction fragment length 
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polymorphism (RFLP) method [15,16], and allele-specific PCR as follows:NAT1 ∗4 

(wild type) which  is usually the more frequent, NAT1*3, with a `T' at nucleotide 1088 

and an `A' at 1095, NAT1*10, with an `A' at nucleotide 1088 and an `A' at 1095 [15, 

16], and  NAT1*11, with a deletion of  9 bp nucleotides between 1080 and 1088 [17]. 

Several studies have reported the associations of the NAT1 ∗10 allele with larynx, lung, 

colon and bladder cancer risk [13, 15, 16]. However, there is no report existing on the 

association between polymorphism at NAT1 locus and risk of HNC in NE population. 

NAT1*3 and NAT1*11 are infrequent genotypes which do not perform to contribute to 

the risk of colorectal cancer [17]. 

NAT2 gene has a number of point mutations, which result in decreased NAT activity 

[18]. The three mutations that results in slow acetylation phenotype are NAT2 *5 (T at 

nucleotide 481), NAT*6 (A at nucleotide 590) and NAT2*7 (A at nucleotide 857) [13, 

18]. Epidemiology studies demonstrated that NAT2 slow acetylation was linked to 

increased risk in rheumatoid arthritis and bladder cancer particularly among cigarette 

smokers [18, 19], and some studies reported reduced acetylation activity and decreased 

half-life of the protein. The slow acetylator alleles are observed more frequently in 

Caucasian population [13]. 

Genotyping of single-nucleotide polymorphisms (SNPs) alone may not always provide 

sufficient information for any convincing results. We have to understand the 

polymorphism with the help of haplotypes, which carry more information about the 

genotype–phenotype relationship [20]. To our knowledge, there are no published 

reports on the relationship between polymorphic EPHX1, NAT1 and NAT2 genes and 

association with HNC in North East population of India. The aim of this case-control 

study was to investigate the distribution of variant EPHX1, NAT1 and NAT2 genotype 

and haplotype status with environmental exposures (betel nut, tobacco, and smoking) 

and to evaluate their association with head and neck carcinogenesis in NE Indian 

population. 
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4.2 Material and Method 

For this population based case-control study, HNC patients and healthy controls were 

enrolled from Dr. Bhubaneswar Borooah Cancer Institute (BBCI), Guwahati, India. The 

detail of the criteria adopted to recruit participants and methods of blood and 

information were mentioned in section 3.2.1. 

As there were several types of chewing habits exist in NE population, we included the 

betel nut (fresh leaf, fresh areca nut, and slaked lime), smoking (cigarettes and beedi), 

tobacco chewing (khani with lime, gutkha, zarda) and Further, the habits of betel nut 

consumption, tobacco chewing and smoking were categorized as never, ≤10 unit per 

day and >10 unit per day.   

4.2.1 DNA isolation  

The genomic DNA was extracted from the peripheral blood by phenol-chloroform 

method as described in section 3.2.2. 

4.2.2 Genotyping Analysis  

The genotypic polymorphism of NAT1 (T1088A, G1095A and 9 bp deletion) and 

NAT2 (C481T, G590A, G857A) was identified by polymerase chain reaction restriction 

fragment length polymorphism (PCR-RFLP) method.  The details of primer sequences 

and PCR conditions are mentioned in (Table. 14). PCR reactions were performed in 

final volume of 25- μl  containing 100 ng of genomic DNA, 10X reaction buffer (New 

England biolabs, USA), 2.5 mM deoxyribonucleotide triphosphate mix (dNTP), 1.5 

mM, Mgcl2, 15 pmol of each primer, 1 U Taq polymerase (New England biolabs, 

USA). The PCR products were digested with 5U PSY I (New England biolabs, USA) 

for EPHX1 exon 3 [21], and RsaI (New England biolabs, USA) for EPHX1 exon 4 

(New England biolabs, USA), at 37ºC overnight as shown in figure 10 and 11 [21].  

To analyze the NAT1 T1088A polymorphism and the 9 bp deletion, the PCR products 

were digested with 5U VspI (New England biolabs, USA), at 37ºC overnight. To 

analyze the NAT1 C1095A polymorphism and the 9 bp deletion, PCR product was 
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digested with 5U MboII (New England biolabs, USA), at 37 ºC overnight as shown in 

figure 12 and 13. 

To analyze the NAT2 polymorphism of (C481T, G590A and G857A) genes, the PCR 

products were digested with 5U KpnI (New England biolabs, USA) for NAT2*5 

(C481T) and 5 U BamHI for NAT2*7 (G857A) (New England biolabs, USA) at 35 ºC 

for overnight, and 5U TaqI for NAT2 for NAT2*6 (G590A) [13]. All the digested 

products were resolved on  2-3 % agarose gel (Sigma, India) stained with ethidium 

bromide (SRL, India) in Gel Doc system G-Box (SYNGENE, USA) and  amplification 

was performed with a thermal Cycler C1000 (Bio-Rad, CA, USA) as shown in figure 14 

and 15. A 20% randomly selected blinded samples were cross checked and the results 

obtained were found to be 100% concordant. 

4.2.3 Statistical Analysis  

The details of the statistical tools and software used were mentioned in 3.2.4. 

4.3 Results 

4.3.1 Distribution of EPHX113, EPHX139, NAT1, NAT2 genotypes in HNC cases 

and controls 

The EPHX1-113, EPHX1-139, NAT1 and NAT2 genotypes distributed among the 

HNCs patients and healthy controls are presented in Table 15. The distribution of all 

polymorphism in cases and control were in agreement with Hardy-Weinberg 

equilibrium (data not shown). The results of the multivariate analysis demonstrated that 

CC of EPHX1 Tyr113His (ORa, 2.73; 95 % CI 1.48–5.03p<0.001), CT of NAT2 C481T 

(ORa, 1.57; 95 % CI 1.02– 2.42, p=0.03) and GA of NAT2 G590A (ORa, 157; 95 % CI 

1.01–2.43, p=0.04) polymorphisms were significantly associated with increased risk for 

HNC. Haplotyping analysis showed that the intermediate mEH activity of EPHX1 and 

slow acetylation phenotype of NAT2 were associated with increased risk of HNC (ORa, 

1.83; 95 % CI 0.96-3.47, p=0.05 and ORa, 2.64; 95 % CI 1.45-4.82, p=0.02 

respectively). However, no statistical significance for the EPHX1 His139Arg, NAT1 

T1088A, NAT1 C1095A, NAT2 G857A genotypes and NAT1 acetylation activity were 

identified from our study (Table 15). 
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Table 14: Sequence of oligonucleotide primers and reaction conditions used for EPHX1, NAT1 and 

NAT2 genotyping 

Genotype Primers (5' to 3') Alleles ( bp) PCR Condition 

    

EPXH113 5-CTT GAG CTC TGTCCT TCC CAT CCC-3 

5 -AAT CTT AGT CTT GAA GTG ACG GT-3 

TT- 232 

TC-232,21,21 

TT-211,21 

95°C/ 7 min, 35 cycles 

94°C/ 30 sec 

52°C/ 30 sec 

72°C/ 30 sec 

72°C/ 10 min 

EPHX139 5-ACA TCC ACT TCA TCC ACG T-3 

5 -ATG CCT CTG AGA AGC CAT-3 

AA-210 

AG-210,162,48 

GG-162,48 

95°C/ 7 min, 35 cycles 

94°C/ 30 sec 

52°C/ 30 sec 

72°C/ 30 sec 

72°C/ 10 min 

    

NAT1 

(C1095A) 

5-ACTCTGAGTGAGGTAGAAATA-3 

5--ACAGGCCATCTTTAGAA-3 

CC- 176, 125, 24 ,19 

CA- 176, 144, 125, 24 ,19 

AA-176, 144, 24 

94°C/ 4 min, 35 cycles 

94°C/ 30 sec 

45 °C/ 30 sec 

72°C/ 45 sec 

72°C/ 7 min 
NAT2 

C481T 

G590A 

G857A 

5-GGAACAAATTGGACTTGG-3 

5-TCTAGCATGA ATCACTCTGC-3 

C481T 

CC-660.443 

CT-1093,660,443 

TT-1093 

G590A 

GG-380,317,226,170 

GA396,317,226,170 

AA- 396,380,317 

G857A 

GG-811,282 

GA-1093,811,282 

AA-1093 

 

 

 

94°C/ 5 min, 35 cycles 

94°C/ 30 sec 

50 °C/ 30 sec 

72°C/ 90 sec 

72°C/ 7 min 

 

4.3.2 Interaction of betel nut, tobacco, smoking habits with EPHX1, NAT1 and NAT2     

genotypes for risk assessment in HNC 

In our present study, we also evaluated the interaction of betel nut, tobacco chewing and 

smoking habits with various genotypes of EPHX1 and NAT.  The multivariate analysis 

showed that CC of EPHX1 Tyr113His (ORa, 3.37; 95 % CI 1. 1.68-6.74, p<0.01), AG 

of EPHX1His139Arg (ORa, 3.42; 95 % CI 1.81-6.47, p<0.001) and CT of NAT2 C481T 

(ORa, 1.58; 95 % CI 0.98-2.53, p=0.05) and TT of NAT2 C481T genotypes (ORa, 2.80; 

95 % CI 1.02-7.62, p=0.04) have increased risk for developing HNC in betel nut 

consuming subjects. Functional aspect of polymorphism showed a significantly 

increased risk for HNC with intermediate (ORa, 3.35, 95 % CI 1.49-7.52, p<0.01) and 
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fast (ORa, 3.00, 95 % CI 1.26-7.10, p=0.01), mEH activity (EPHX1) and slow 

Acetylation (NAT2) (ORa, 2.23, 95 % CI 1.18-4.22, p=0.01) (Table 16). 

Moreover, a subgroup analysis of the association among tobacco chewers, we observed 

that the EPHX1 Tyr113His genotypes have high impact association with HNC in both 

tobacco chewers having CC (ORa, 3.85; 95 % CI 1.29-11.47, p=0.01) and non-chewers 

having CC genotype (ORa, 3.36; 95%, CI 1.36-8.72, p<0.01) [Table 17]. Whereas, the 

AA of NAT2 G590A (ORa, 2.72; 95 % CI 1.20-12.11, p=0.02) genotype and the slow 

acetylation of NAT2 gene have (ORa, 4.38; 95 % CI 1.41-13.60, p=0.01) increase risk 

association with HNC among non-chewers (Table 17). 
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P<0.05 is consider to be significance, OR (odds ratio), CIs (confidence Intervals), OR a (Adjusted in multivariate logistic 

regression models) including, gender, age, dose of betel nut and dose of smoking 
 

 

 
 

 

 

characteristics Case (n=205) 

(n= %) 

Control (n=210)  

(n= %) 

OR [95% CI] P- value Adjusted  

OR a (95% CI) 

P- value 

EPHX1 113 

(Exon 3)  

      

TT (Tyr/ Tyr) 66  (32.19) 99 (47.14) Referent (1.0)  Referent (1.0  

TC (Tyr/Hi)s 91 (44.39) 88 (41.90) 1.55 [ 1.01- 2.37] 0.04 1.11 [0.69-1.79] 0.64 

CC (His/His) 48 (23.41) 23 (10.95) 3.13  1.7-5.62] <0.001 2.73 [1.48-5.03] 0.001 

EPHX1 139 

(Exon 4) 

      

AA (His/His) 137(66.82) 151 (71.90) Referent (1.0)  Referent (1.0  

AG (His/Arg) 58 (28.29) 50 (23.81) 1.27[0.82- 1.99] 0.27 1.59 [0.95-2.63] 0.07 

GG (Arg/Arg) 10 (4.87) 9 (4.28) 1.22[ 0.48- 3.10] 0.66 1.15 [0.43-3.41] 0.79 

Predicted mEH 

activity 

      

slow  143 (69.75) 157 (78.10) Referent (1.0)  Referent (1.0  

Intermediate 35 (17.07) 22 (10.94) 1.74 [ 0.97-3.11] 0.05 1.83 [0.96 -3.47] 0.05 

Fast 27 (13.17) 31 (15.42) 0.96 [ 0.54- 1.67] 0.87 1.19  [0.62-2.29] 0.58 

NAT1 T1088A         

TT  64 (31.21) 72 (35.82) Referent (1.0)  Referent (1.0  

TA 111 (54.14) 109 (54.22) 1.14[0.74-1.75] 0.53 1.09 [0.69-1.72] 0.70 

AA 30 (14.63) 29 (14.42) 1.16 [0.63-2.14] 0.62 1.06  [0.55-2.04] 0.85 

NAT1 C1095A         

CC 91 (44.39) 106 (52.73) Referent (1.0)  Referent (1.0  

CA 85 (41.46) 81(40.29) 1.22[0.80-1.84] 0.34 1.30 [0.83-2.03] 0.24 

AA 29 (14.14) 23 (11.44) 1.44[0.79-2.71] 0.22 1.46 [0.76-2.80] 0.25 

Acetylation 

phenotype 
    

    

slow  109 (53.17) 106 (50.47) Referent (1.0)  Referent (1.0  

Intermediate 75 (36.58) 85 (40.47) 0.85 [0.57-1.29] 0.46 0.84 [0.54-1.30] 0.45 

Fast 21 (10.24) 19 (9.04) 1.07 [0.54-2.11] 0.83 0.99  [0.48-2.08] 0.99 

NAT2 C481T         

CC 101 (49.26) 127 (63.18) Referent (1.0)  Referent (1.0  

CT 89 (43.41) 72 (35.82) 1.55 [1.03-2.33] 0.03 1.57 [1.02-2.42] 0.03 

TT 15 (7,31) 11 (5.47) 1.71 [0.75-3.89] 0.19 1.90 [0.80-4.51] 0.14 

NAT 2 G590A

  
    

    

GG 89 (43.41) 118 (58.70) Referent (1.0)  Referent (1.0  

GA 91 (44.39) 74 (36.81) 1.63 [1.07-2.46] 0.02 1.57 [1.01- 2.43] 0.04 

AA 25 (12.19) 18 (8.95) 1.84 [0.94-3.58] 0.07 1.69 [0.84 -2.43] 0.14 

NAT2 G857A

  
    

    

GG 112 (54.63) 134 (66.66) Referent (1.0)  Referent (1.0  

GA 76 (37.07) 65 (32.33) 1.39 [0.92-2.11] 0.11 1.45 [0.93-2.26] 0.09 

AA 17 (8.29) 11 (5.47) 1.84 [0.83-4.11] 0.13 1.74 [0.76 -4.00] 0.18 

Acetylation 

phenotype 
    

    

Fast 25 (12.19) 44 (21.89) Referent (1.0)  Referent (1.0  

Intermediate 63 (30.73) 82 (39.04) 1.35 [0.74-2.44] 0.31 1.46 [0.78- 2.73] 0.23 

Slow 117 (55.07) 84 (40) 2.45 [1.39-4.314] <0.01 2.64 [1.45 -4.82] 0.02 

 

Table 15: Distribution of EPHX113, EPHX139, NAT1, NAT2 genotypes in cases of HNC and healthy control   
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Table 16: Distribution of EPHX113, EPHX139, NAT1, NAT2 genotypes in betel nut and non-betel nut  

                  chewing cases of HNC and healthy control       

 
P<0.05 is consider to be significance, OR (odds ratio), CIs (confidence Intervals), OR a (Adjusted in multivariate logistic regression  

models) including, gender, age, dose of betel nut and dose of smoking. 

Betel nut                                                                                         Non-betel nut 

Genotype Cases/ 

Control 

(n=182/150)  

OR 

[95% CI] P- 

value 

Adjusted  

OR a (95% CI)  

P- value 

Cases 

(n=23/60)  

OR [95% CI]  

P- value 

Adjusted  

OR a (95% CI)  

P- value 

EPHX1 113 (Exon 3)        

TT (Tyr/ Tyr) 57/67 Referent (1.0) Referent (1.0 9/32 Referent (1.0) Referent (1.0 
TC (Tyr/Hi)s 80/68 1.38 [ 0.85- 2.23] 

0.18 

1.03 [0.61-1.74] 

0.89 

11/20 1.95 [0.68- 5.55] 

0.20 

1.54 [0.47 -5.02] 

0.47 

CC (His/His) 45/15 3.52 [1.78-6.98] 

<0.001 

3.37 [1.68-6.74] 

0.001 

3/8 1.33 [0.29-6.09] 
0.71 

0.40 [0.04-3.87 ] 
0.43 

EPHX1 139 (Exon 4)       

AA (His/His) 120/131 Referent (1.0) Referent (1.0 17/20 Referent (1.0) Referent (1.0 
AG (His/Arg) 53/16 3.61 [1.96-6.66] 

<0.001 

3.42 [1.81 -

6.47]<0.001 

5/34 0.17 [ 0.05- 

0.54] <0.01 

0.21 [0.06-0.73] 

0.01 
GG (Arg/Arg) 9/3 3.27 [ 0.86-12.38] 

0.08 

2.28 [0.56- 9.18 ] 

0.24 

1/6 0.19 [  0.02- 

1.79] 0.14 

0.20 [0.01-2.91] 

0.24 

Predicted mEH activity       

slow  125/133 Referent (1.0) Referent (1.0 18/24 Referent (1.0) Referent (1.0 

Intermediate 32/9 3.78 [ 1.73-8.24] 

<0.001 

3.35 [1.49-7.52] 

<0.01 

3/13 0.30 [ 0.07- 

1.24] 0.09 

0.47[0.40-1.96] 

0.20 

Fast 25/8 3.32 [ 1.44-7.64] 

<0.01 

3.00 [1.26 -7.10] 

0.01 

2/23 0.11 [ 0.02-0.55] 
<0.01 

0.07 [0.02-0.43] 

0.01 

NAT1 T1088A       

TT  57/49 Referent (1.0) Referent (1.0 7/23 Referent (1.0) Referent (1.0 

TA 100/83 1.03 [ 0.64-1.67] 
0.88 

1.02 [0.62 -1.69] 
0.91 

11/26 1.39 [ 0.46- 
4.18] 0.55 

1.50 [0.43-5.23] 
0.52 

AA 25/18 1.19 [0.58 -2.44] 

0.62 

1.02 [0.49-2.15] 

0.94 

5/11 1.49 [ 0.38-5.78] 

0.56 

108 [0.22- 5.23] 

0.91 

NAT1 C1095A       

CC 82/76 Referent (1.0) Referent (1.0 9/30 Referent (1.0) Referent (1.0 

CA 75/57 1.21 [ 0.76-1.94] 

0.40 

1.32.[0.81-2.15] 

0.26 

10/24 1.38 [ 0.48-3.96] 

0.53 

1.10 [0.32 -3.71] 

0.87 

AA 25/17 1.36 [ 0.68- 2.71] 

0.37 

1.33 [0.65-2.71] 

0.43 

4/6 2.22 [ 0.51-9.64] 

0.28 

2.54  [0.53-

12.30] 0.24 

Acetylation phenotype       

slow  98/77 Referent (1.0) Referent (1.0 11/29 Referent (1.0) Referent (1.0) 

Intermediate 65/61 0.83 [0.52-1.32] 
0.44 

0.80 [0.50-1.29] 
0.37 

10/24 1.09 [0.39-3.02] 
0.85 

0.90 [0.28-2.88] 
0.86 

Fast 19/12 1.24 [0.56-2.71] 

0.58 

1.07 [0.47-2.42] 

0.87 

2/7 0.75 [0.13-4.19] 

0.74 

0.90 [0.14-5.64] 

0.91 

NAT2 C481T       

CC 90/95 Referent (1.0) Referent (1.0 11/32 Referent (1.0) Referent (1.0 

CT 77/49 1.65 [ 1.04-2.62] 

0.03 

1.58  [0.98 -2.53] 

0.05 

12/23 1.51 [ 0.57-4.03] 

0.40 

1.35 [ 0.45-4.04] 

0.58 

TT 15/6 2.63  [0.98-7.09] 

0.05 

2.80 [1.02- 7.62] 

0.04 

0/5              -                   - 

NAT 2 G590A       

GG 78/83 Referent (1.0) Referent (1.0 11/35 Referent (1.0) Referent (1.0 

GA 82/51 1.71 [1.07-2.72] 

0.02 

1.63 [1.01-2.63] 

0.04 

9/23 1.24 [ 0.44- 

3.47] 0.67 

1.36 [ 0.41- 

4.49] 0.60 

AA 22/16 1.46 [0.71-2.98] 
0.29 

1.33 [0.63- 2.81] 
0.44 

3/2 4.77 [ 0.70- 
32.33] 0.10 

 7.79 [1.21-
45.34] 0.06 

NAT2 G857A       

GG 100/94 Referent (1.0) Referent (1.0 12/40 Referent (1.0) Referent (1.0 

GA 67/47 1.34 [0.83- 2.13] 
0.21 

1.39 [ 0.86- 2.65] 
0.17 

9/18 1.66 [ 0.59- 
4.65] 0.33 

1.90 [ 0.60 -
16.22] 0.27 

AA 15/9 1.56 [0.65-3.75] 

0.31 

1.65 [ 0.67-4.03] 

0.27 

2/2 3.33 [0.42 -

26.24] 0.25 

2.49 [ 0.15-

40.48]  0.52 

Acetylation phenotype       

Fast 25/29 Referent (1.0) Referent (1.0 0/15 Referent (1.0) Referent (1.0 

Intermediate 53/58 1.06 [0.55- 2.03] 

0.86 

1.09 [0.56-2.13] 

0.78 

10/24 - -- 

Slow 104/63 1.91 [1.03- 3.55] 

0.03 

2.23 [1.18 -4.22] 

0.01 

13/21 - - 
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Table 17: Distribution of EPHX113, EPHX139, NAT1, NAT2 genotypes in tobacco and non-tobacco 

chewing cases of HNC and healthy control 

                                                             Tobacco                                                                                                                    Non tobacco 

Genotype Cases/ 

Control  

(n=132/52 

OR 

[95% CI] 

 P- value 

Adjusted  

OR a (95% CI)  

P- value 

Cases/ 

Control 

(n=73/158 

OR 

[95% CI] 

  P- value 

Adjusted  

OR a (95% CI)  

P- value 

EPHX1 113 (Exon 3)        

TT (Tyr/ Tyr) 45/28 Referent (1.0) Referent (1.0 21/71 Referent (1.0) Referent (1.0 
TC (Tyr/Hi)s 58/19 1.89 [ 0.94-3.82] 

0.07 

1.64 [ 0.74 -3.60] 

0.21 

33/69 1.61 [ 0.85-3.06] 

0.14 

1.10 [ 0.51-2.37]  

0.80 

CC (His/His) 29/5 3.60 [ 1.25-10.41] 

0.01 

3.85 [1.29-11.47] 

0.01 

19/18 3.56 [ 1.59- 8.00] 

<0.01 

3.36 [1.36-8.27] 

<0.01 

EPHX1 139 (Exon 4)       

AA (His/His) 83/39 Referent (1.0) Referent (1.0 54/112 Referent (1.0) Referent (1.0 
AG (His/Arg) 40/10 1.87 [ 0.85-4.14] 

0.11 

1.74 [ 0.73-4.16] 

0.20 

18/40 0.93 [0.49- 1.77] 

0.83 

1.22 [ 0.54-2.72] 

0.62 

GG (Arg/Arg) 9/3 1.40 [ 0.36- 5.49] 

0.62 

1.64 [0.36-7.32] 

0.51 

1/6 0.34 [0.04-2.94] 

0.33 

0.29  [0.01-6.67] 

0.44 

Predicted mEH 

activity 

      

slow  87/40 Referent (1.0) Referent (1.0 56/117 Referent (1.0) Referent (1.0 

Intermediate 24/4 2.75 [ 0.89-8.47] 
0.07 

2.39 [ 0.72-7.86] 
0.15 

11/18 1.27 [ 0.56-2.88] 
0.55 

1.17 [ 0.44-3.12] 
0.74 

Fast 21/8 1.20 [ 0.49-2.95] 

0.68 

1.28 [0.48-3.43] 

0.61 

6/23 0.54 [ 0.21-1.41] 

0.21 

0.85 [ 0.25 -

2.87] 0.80 

NAT1 T1088A       

TT  44/18 Referent (1.0 Referent (1.0 20/54 Referent (1.0) Referent (1.0 

TA 71/26 1.11 [ 0.54-2.26] 

0.75 

1.19 [0.57-2.46] 

0.63 

40/83 1.30 [ 0.68-2.45] 

0.41 

1.34[ 0.63-2.86] 

0.44 

AA 17/8 0.86 [ 0.31-2.37] 

0.78 

0.83 [0.27-2.48] 

0.74 

13/21 1.67 [ 0.70- 3.95] 

0.24 

1.53 [ 0.56- 

4.12] 0.40 

NAT1 C1095A       

CC 58/24 Referent (1.0) Referent (1.0 33/82 Referent (1.0) Referent (1.0 
CA 58/20 1.20 [ 0.59- 2.40] 

0.60 
1.42 [0.68-2.95] 
0.34 

27/61 1.09 [ 0.59-2.01] 
0.75 

1.04 [0.50-2.17] 
0.90 

AA 16/8 0.82 [ 0.31-2.18] 

0.70 

0.84 [0.30-2.30] 

0.73 

13/15 2.15 [ 0.92-5.01] 

0.07 

2.30 [0.89 –5.94] 

0.08 

Acetylation phenotype       

slow  76/26 Referent (1.0) Referent (1.0) 33/80 Referent (1.0) Referent (1.0) 

Intermediate 42/23 0.62 [0.31-1.22] 

0.17 

0.58 [0.28-1.18] 

0.13 

33/62 1.29 [0.71-2.31] 

0.39 

1.40 [0.71-2.78] 

0.32 

Fast 14/3 1.59 [0.42-6.00] 

0.48 

1.16  [0.29-4.66] 

0.83 

7/16 1.06 [0.40-2.81] 

0.90 

1.08 [0.35-3.36] 

0.88 

NAT2 C481T       

CC 69/36 Referent (1.0) Referent (1.0 32/91 Referent (1.0) Referent (1.0 

CT 56/13 2.24 [ 1.08- 4.64] 

0.02 

2.04 [0.95-4.38] 

0.06 

33/59 1.59 [ 0.88- 2.85] 

0.12 

1.13 [0.71- 2.51] 

0.35 

TT 7/3 1.21 [ 0.29- 4.99] 

0.78 

1.23 [0.29 -5.30] 

0.77 

8/8 2.84 [ 0.98-8.20] 

0.05 

3.81[1.06- 

10.68] 0.39 

NAT 2 G590A       

GG 57/26 Referent (1.0) Referent (1.0 32/92 Referent (1.0) Referent (1.0 

GA 60/19 1.44 [ 0.71- 2.88] 

0.30 

1.40 [ 0.68-2.88] 

0.35 

31/55 1.62 [ 0.89-2.94] 

0.11 

1.63 [0.56-2.26] 

0.71 

AA 15/7 0.97 [ 0.35- 2.68] 

0.96 

1.03 [0.37- 2.87] 

0.95 

10/11 2.61 [ 1.01-6.73] 

0.04 

2.72 [ 1.20-

12.11] 0.02 

NAT2 G857A       
GG 70/27 Referent (1.0) Referent (1.0 42/107 Referent (1.0) Referent (1.0 

GA 56/21 1.02 [ 0.52-2.00] 

0.93 

1.15[0.55-2.39] 

0.70 

20/44 1.15 [ 0.61-2.19] 

0.65 

1.55 [0.78- 3.08] 

0.21 

AA 6/4 0.57 [ 0.15- 2.21] 

0.42 

0.83 [0.29-2.38] 

0.73 

11/7 4.00 [ 1.45- 11.02] 

<0.01 

2.03 [0.67-6.17] 

0.20 

Acetylation phenotype       

Fast 18/8 Referent (1.0) Referent (1.0 7/36 Referent (1.0) Referent (1.0) 

Intermediate 40/21 0.84 [0.31- 2.26] 

0.74 

1.06 [0.53-2.12] 

0.86 

23/61 1.93 [0.75- 4.96] 

0.16 

1.27 [0.61-2.67] 

0.51 

Slow 74/21 1.56 [0.59- 4.10] 

0.36 

0.67 [0.17-2.65] 

0.57 

43/61 3.62 [1.47-8.90] 

<0.01 

4.38 [1.41-

13.60] 0.01 

P<0.05 is consider to be significance, OR (odds ratio), CIs (confidence Intervals), OR  a (Adjusted in multivariate logistic regression 
models) including, gender, age, dose of betel nut and dose of smoking 
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On the other hand, a significant association was observed between the smokers of AG of 

EPHX1 His139Arg (ORa, 3.12; 95 % CI 1.33-7.33, p<0.01) and AA of NAT2 G590A 

(ORa, 9.48; 95 % CI 1.14-78.85, p=0.02) genotypes (Table 18). We also analyzed the 

haplotype frequencies of EPHX1 genotype in the patients and the healthy group and 

observed that intermediate mEH activity (ORa, 2.83; 95 % CI 1.04-7.69, p=0.04) was 

associated with increased risk for HNC. However, among never smokers with CC of 

EPHX1Tyr113His (ORa, 3.41; 95 % CI 1.67-6.96, p<0.01), AA of NAT2 G590A (ORa, 

9.48; 95 % CI 1.14-78.85, p = 0.02) genotypes and slow acetylation of NAT2 (ORa, 

2.62, 95 % CI 1.26-5.46, p = 0.01) was found to have high impact association with HNC 

risk (Table 18).  

4.3.3 Interaction of combined habits of betel nut, tobacco, smoking with EPHX1, 

NAT1 and NAT2 genotypes for risk assessment in HNC 

Here, we also investigated the interaction of multiple habits (betel nut+ tobacco and 

betel nut+-tobacco+ smoking) with EPHX1, NAT1 and NAT2 gene polymorphism on 

HNC risk (Table 19). The result showed that betel nut-tobacco exposure on subjects 

having CC of EPHX1 Tyr113His (ORa, 3.45; 95 % CI 1.14-10.39, p=0.02) and AG of 

EPHX1 His139Arg (ORa, 3.00; 95 % CI 1.11-8.08, p=0.02) genotypes have higher risk 

associated with HNC. However, in case of triple habit, only AG of EPHX1 His139Arg 

(ORa, 5.22; 95 % CI 1.40-19.50, p=0.01) genotype and fast mEH activity (OR, 4.32; 

95% CI 1.03-18.18, p=0.04] were associated with HNC risk.  

4.3.4 Interaction of EPHX1, NAT1 and NAT2 genotypes with doses of betel nut and 

tobacco chewing on HNC risk 

In table 20, we showed that the lower and higher dose of BN increased the risk for HNC 

in subjects carrying CC of EPHX1 Tyr113His (9.59 fold) and also for TC (11.85 fold) 

genotypes and these risk is synergistically increased when the subjects consumed 

tobacco (for lower dose ORa, 25.40; 95 % CI 7.00-92.18, p<0.001 and for higher dose 

ORa, 59.97; 95 % CI 13.22-2.71, p<0.001) in addition to BN. Similar pattern of 

synergistic increased risk was also observed in subjects carrying EPHX1 His139ArgAG 

genotypes. Interestingly, higher dose of tobacco when combined with BN is exposed on 

subjects carrying AG of EPHX1 His139Arg genotype the risk become 29.95 fold higher 
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(95 % CI 3.78-237.2, p<0.01). Haplotypic analysis indicated that intermediate and fast 

activity of mEH among lower dose consumer of betel nut; and fast activity among lower 

dose consumer of tobacco in dual habit increases the risk for HNC. However, in case of 

dual habit the higher dose have profound risk for both intermediate (ORa, 29.84; 95 % 

CI 3.77-235.8, <0.01) and fast (ORa, 9.25; 95 % CI 1.04-82.27), p=0.04) mEH activity. 

In table 21, there is evidence of risk for HNC in subjects carrying TA of NAT1 T1088A 

genotype exposed to lower (3.16 fold) and higher (5.48 fold) doses of BN, which is 

further increased to 4.69 fold (4.69 95 % CI 2.27-9.72, p<0.001) and 10.13 fold  (95 % 

CI 3.03-33.08, p<0.001) when tobacco is added. Similarly, the risk is increased from 

3.46 fold (lower dose of BN) to 23.68 fold (95 % CI 2.84-197.1, p<0.01) when subjects 

added higher dose of tobacco in addition to BN. Further, we observed similar 

synergistic risk increased in subjects carrying CA and AA of NAT1 C1095A for both 

lower and higher doses of BN and tobacco.  

In case of phenotype, intermediate and fast acetylation with lower and higher dose of 

BN increased the risk for HNC. Furthermore, we observed that the addition of tobacco 

(lower and higher dose) with BN with intermediate acetylation has increased the risk for 

HNC.   

We also analyzed the NAT2 polymorphism and their interaction with various doses of 

BN and tobacco and the results are presented in (table 22). The NAT2 C481T genotypic 

variation (CT, TT) increases the risk for HNC in subjects having both BN and tobacco 

habits. The estimated risk for HNC is increased with increase in doses of BN and that of 

tobacco in combination with BN. The higher doses of tobacco with BN in subjects with 

CT genotype of NAT2 C481T possess highest risk for HNC (ORa, 21.19; 95 % CI 4.55-

18.36, p<0.001). Similarly, we observed risk for HNC with NAT2 G590A having BN 

and tobacco chewing habits. Highest risk for HNC is observed in subjects with AA 

genotype of NAT2 G590A having higher dose BN consuming habit (ORa, 15.78; 95 % 

CI 1.61- 154.3, p<0.01). The GA genotype of NAT2 G857A gene also exhibit risk for 

HNC in subjects with lower dose of BN habit and this risk is further increased when the 

dose of BN is increased and also along with addition  of higher dose of tobacco. Our 

haplotype analysis indicated that the intermediate and slow acetylation activity of NAT2 

gene increases the risk for HNC in both BN and tobacco chewing subjects and the risk 
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is increased when the dose increases. The higher dose of BN in subjects having slow 

acetylation activity increases the risk about 56.19 fold (95 % CI 5.62-561), p<0.01). 

Table 18: Distribution of EPHX113, EPHX139, NAT1, NAT2 genotypes in smoking and non-smoking 

chewing cases of HNC and healthy controls       

P<0.05 is consider to be significance, OR (odds ratio), CIs (confidence Intervals), OR a (Adjusted in 

multivariate logistic regression models) including, gender, age, dose of betel nut and dose of smoking 

 

 

 

Smoking                                                                             Non smoking 

Genotype Cases/ 

Control  

(n=87/48 

OR 

[95% CI],  P- value 

Adjusted  

OR a (95% CI)  

 P- value 

Cases/ 

control 

(n=118/1

62) 

OR 

[95% CI]  P- value 

Adjusted  

OR a (95% CI)  P- 

value 

EPHX1 113 

(Exon 3)  

      

TT (Tyr/ Tyr) 25/10 Referent (1.0) Referent (1.0 41/89 Referent (1.0) Referent (1.0) 
TC (Tyr/Hi)s 46/34 0.54 [ 0.22-1.27] 0.16 0.42 [0.16-1.05] 0.06 45/54 1.80 [1.052-3.10] 0.03 1.15 [0.80-2.84]0.12 

CC (His/His) 16/4 1.60 [ 0.42- 5.98] 0.48 1.29 [0.33 -5.02] 0.71 32/19 3.65 [1.85-7.19] 

<0.001 

3.41 [1.67-6.96]<0.01 

EPHX1 139 

(Exon 4) 

      

AA (His/His) 42/33 Referent (1.0) Referent (1.0 95/118 Referent (1.0) Referent (1.0) 
AG (His/Arg) 37/11 2.64 [1.17-5.95] 0.01 3.12[1.33- 7.33] <0.01 21/39 0.66 [0.36-1.21] 0.18 1.33 [0.66-2.71] 0.41 

GG (Arg/Arg) 8/4 1.57 [0.43-5.67] 0.49 1.11 [0.28-4.31] 0.87 2/5 0.49 [0.09-2.61] 0.40 1.41 [0.21-9.42] 0.72 

Predicted mEH 

activity 

      

slow  44/34 Referent (1.0) Referent (1.0 99/123 Referent (1.0) Referent (1.0) 
Intermediate 23/7 2.53 [ 0.97- 6.61] 0.05 2.83 [1.04 -7.69] 0.04 12/15 0.99 [0.44-2.22] 0.98 1.66 [0.67-4.11] 0.27 

Fast 20/7 2.20 [ 0.83- 5.82] 0.10 2.16 [0.79 -5.88] 0.13 7/24 0.36 [0.44-2.22] 0.02 0.82 [0.30 -2.23] 0.70 

NAT1 T1088A       

TT  23/15 Referent (1.0) Referent (1.0 41/57 Referent (1.0) Referent (1.0) 
TA 48/26 1.20 [ 0.53-2.69] 0.65 1.15 [0.49-2.71] 0.73 63/83 1.05 [0.62-1.77] 0.83 1.13 [ 0.64-1.97] 0.66 

AA 16/7 1.49 [0.49-4.48] 0.47 1.42 [0.45- 4.50] 0.54 14/22 0.88 [0.40- 1.93] 0.75 0.86  [0.37-2.00] 0.73 

NAT1 C1095A       

CC 40/23 Referent (1.0) Referent (1.0 51/83 Referent (1.0) Referent (1.0) 

CA 36/20 1.03 [ 0.48-2.19] 0.92 1.09 [0.48-2.43]  0.83 49/61 1.57 [0.95-2.59] 0.07 1.13 [0.76 -2.27] 0.32 

AA 11/5 1.26 [ 0.39-4.09] 0.69 1.25 [0.37- 4.20] 0.71 18/18 1.62 [0.77-3.41] 0.19 1.59 [0.72- 3.50] 0.24 

Acetylation 

phenotype 

      

slow  45/24 Referent (1.0) Referent (1.0 64/82 Referent (1.0) Referent (1.0) 
Intermediate 32/20 0.85 [0.40-1.80] 0.67 0.80 [0.36-1.75] 0.58 43/65 0.84 [0.51-1.40] 0.52 0.89 [0.52-1.52] 0.67 

Fast 10/4 1.33 [0.37-4.70] 0.65 1.20 [0.31-4.56] 0.78 11/15 0.94 [0.40-2.18] 0.88 0.93 [0.37-2.33] 0.88 

       

NAT2 C481T       

CC 39/28 Referent (1.0) Referent (1.0 62/99 Referent (1.0) Referent (1.0) 
CT 43/17 1.81 [ 0.86-3.81] 0.11 2.14 [0.95-4.83] 0.06 46/55 1.33 [0.80-2.11] 0.26 1.24 [0.73-2.12] 0.41 

TT 5/3 1.19 [ 0.26- 5.42] 0.81 1.41 [0.30-6.58] 0.66 10/8 1.39 [0.74- 5.33]0.16 2.30 [0.79-6.66] 0.12 

NAT 2 G590A       

GG 36/25 Referent (1.0) Referent (1.0 53/93 Referent (1.0) Referent (1.0) 
GA 36/22 1.13 [ 0.54-2.37] 0.73 1.21 [0.54- 2.70] 0.62 55/52 1.85 [1.11-3.08] 0.01 1.93 [1.13-3.31] 0.01 

AA 15/1 10.41 [ 1.29-84.01] 

0.01 

9.48 [1.14-78.85] 0.03 10/17 1.03 [0.44-2.41] 0.94 1.04 [0.43-2.55] 0.91 

NAT2 G857A       
GG 51/27 Referent (1.0) Referent (1.0 61/107 Referent (1.0) Referent (1.0 

GA 30/18 0.89 [ 0.41- 1.86] 0.74 0.86 [0.38-1.91] 0.71 46/47 1.71 [1.02- 2.87] 0.03 1.91 [1.10- 3.2] 0.02 

AA 6/3 1.05 [ 0.24- 4.56] 0.93 0.91  [0.19-4.33]0.90 11/8 2.41 [0.92-6.32] 0.07 1.92 [0.71-5.20] 0.19 

Acetylation 

phenotype 

      

Fast 10/8 Referent (1.0) Referent (1.0 15/36 Referent (1.0) Referent (1.0 
Intermediate 28/19 1.17 [0.39-3.53] 0.76 1.66 [0.50-5.49] 0.40 35/63 1.33 [0.64- 2.76] 0.44 1.12 [0.52-2.42] 0.76 

Slow 49/21 1.86 [0.64-5.39] 0.24 2..33[0.76-7.17] 0.13 68/63 2.59 [1.29- 5.18] 

<0.01 

2.62 [1.26-5.46] 0.01 
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Table 19: Distribution of EPHX113, EPHX139, NAT1, NAT2 genotypes in combined effect off betel nut- 

tobacco and betel nut –tobacco- smoking habits cases of HNC and healthy control       

P<0.05 is consider to be significance, OR (odds ratio), CIs (confidence Intervals), OR a (Adjusted in 

multivariate logistic regression models) including, gender, age, dose of betel nut and dose of smoking 

                                         Betel nut - tobacco                                                                                          Betel nut - tobacco - smoking                     

Genotype Cases/ control 

(n=122/49) 

OR 

[95% CI],   

P- value 

Adjusted  

OR a (95% CI)   

P- value 

Cases/ 

Control  

(n=52/22)  

OR 

[95% CI]  P- 

value 

Adjusted  

OR a (95% CI)   

P- value 

EPHX1 113 (Exon 3)        

TT (Tyr/ Tyr) 42/25 Referent (1.0) Referent (1.0 15/6 Referent (1.0) Referent (1.0 
TC (Tyr/Hi)s 51/19 1.59 [ 0.77-3.29] 

0.20 
1.37 [0.60-3.11] 
0.44 

29/13 0.89 [0.28-2.82] 
0.84 

0.51 [0.14- 1.86] 
0.3 

CC (His/His) 29/5 3.45 [ 1.18- 10.06] 

0.02 

3.45 [1.14 -10.39] 

0.02 

8/3 1.06 [ 0.20-5.44] 

0.93 

0.90  [0.15-5.16] 

0.90 

EPHX1 139 (Exon 4)       

AA (His/His) 76/39 Referent (1.0) Referent (1.0 18/14 Referent (1.0) Referent (1.0 
AG (His/Arg) 38/7 2.78 [ 1.13-6.80] 

0.02 

3.00[1.11-8.08] 

0.02 

28/5 4.35 [1.33-

14.18] 0.01 

5.22 [1.40-19.50] 

0.01 

GG (Arg/Arg) 8/3 1.36 [ 0.34-5.45] 

0.65 

2.00 [0.43 -9.16] 

0.37 

6/3 1.55 [0.32- 7.34] 

0.57 

2.52 [0.44-14.38] 

0.29 

Predicted mEH activity       

slow  80/40 Referent (1.0) Referent (1.0 20/15 Referent (1.0) Referent (1.0 
Intermediate 22/4 2.75 [ 0.88- 8.52] 

0.07 
2.65[0.78-8.98] 
0.11 

17/3 4.25 [1.05-
17.20] 0.04 

4.13 [0.87-19.52] 
0.07 

Fast 20/5 2.00 [ 0.69-5.72] 

0.19 

2.70 [0.84 -8.61] 

0.09 

15/4 2.81 [0.77- 

10.21] 0.11 

4.32  [1.03-18.18] 

0.04 

NAT1 T1088A       

TT  40/18 Referent (1.0) Referent (1.0 15/6 Referent (1.0) Referent (1.0 
TA 67/25 1.20 [0.58- 2.48] 

0.61 
1.22 [0.57- 2.58] 
0.59 

29/13 0.89 [0.28-2.82] 
0.84 

0.90 [0.27-3.04] 
0.87 

AA 15/6 1.12 [0.37-3.37] 

0.83 

0.97 [ 0.30-3.11] 

0.96 

8/3 1.06 [0.20-5.44] 

0.93 

0.95  [0.15-5.70] 

0.95 

NAT1 C1095A       

CC 54/23 Referent (1.0) Referent (1.0 27/10 Referent (1.0) Referent (1.0 
CA 53/18 1.25 [ 0.60-2.58] 

0.53 

1.59 [0.72 -3.35] 

0.25 

18/8 0.83 [0.27-2.51] 

0.74 

1.28 [0.37-4.32] 

0.69 

AA 15/8 0.80 [ 0.29-2.14] 
0.65 

0.82 [0.29-2.29] 
0.70 

7/4 0.64 [0.15-2.69] 
0.55 

0.68 [0.14-3.23] 
0.62 

Acetylation phenotype       

slow  70/24 Referent (1.0 Referent (1.0 26/10 Referent (1.0 Referent (1.0 

Intermediate 39/22 0.60 [0.30-1.22] 

0.16 

0.57 [0.27-1.19] 

0.14 

19/10 0.73 [0.25-2.10] 

0.56 

0.65 [0.20-2.08] 

0.47 

Fast 13/3 1.48 [0.39-5.66] 
0.56 

1.05 [0.28-4.55] 
0.86 

7/2 1.34 [0.23-7.61] 
0.73 

0.80  [0.11-5.56] 
0.82 

NAT2 C481T       

CC 65/34 Referent (1.0) Referent (1.0 27/15 Referent (1.0) Referent (1.0 
CT 52/12 2.26 [ 1.06- 4.81] 

0.03 

1.95[0.88-4.30] 
0.09 

22/5 2.44 [0.76-7.78] 
0.13 

2.20 [0.61-7.85] 
0.22 

TT 5/3 0.87 [0.19-3.86] 

0.85 

1.21 [0.28 -5.22] 

0.79 

3/2 0.83 [0.12-5.55] 

0.85 

0.82 [0.11 -6.09] 

0.84 

NAT 2 G590A        

GG 53/24 Referent (1.0) Referent (1.0 21/10 Referent (1.0) Referent (1.0 
GA 55/19 1.31 [ 0.64-2.66] 

0.45 

1.00 [0.47-2.12] 

0.99 

22/11 0.95 [0.33- 2.70] 

0.92 

0.65 [0.19-2.24] 

0.50 

AA 14/6 1.05 [ 0.36- 3.08] 
0.91 

1.01[0.28-2.68] 
0.82 

9/1 4.28 [0.47-
38.63] 0.19 

3.49 [0.35-33.90] 
0.28 

NAT2 G857A        

GG 65/25 Referent (1.0) Referent (1.0 29/9 Referent (1.0) Referent (1.0 

GA 52/20 1.00 [ 0.50- 1.99] 
1.00 

1.01 [0.49-2.07]  
0.97 

22/11 0.62 [0.21-1.75] 
0.36 

0.56 [0.18-1.74] 
0.32 

AA 5/4 0.48 [ 0.11- 1.93] 

0.30 

0.54 [0.13-.2.26] 

0.40 

1/2 0.15 [0.01- 1.91] 

0.14 

0.18 [0.01-2.57] 

0.20 

Acetylation phenotype       

Fast 18/10 Referent (1.0) Referent (1.0 8/4 Referent (1.0) Referent (1.0 
Intermediate 36/15 1.33 [0.50-3.55] 

0.56 
1.34 [0.47-3.77] 
0.57 

13/5 1.30 [0.26-6.32] 
0.74 

1.89 [0.29-12.13] 
0.49 

Slow 68/24 1.57 [0.63-3.88] 

0.32 

1.31 [0.51-3.40] 

0.56 

31/13 1.19 [0.30- 4.66] 

0.80 

1.08 [0.22-.16] 

0.92 
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Table 20: Interaction of EPHX1 genotypes with doses of betel nut habits for head and neck cancer 

risk factor 

P<0.05 is consider to be significance, OR (odds ratio), CIs (confidence Intervals), OR a (Adjusted in  

multivariate logistic regression models) including, gender, age, doses of betel nut, doses of smoking. 

 

 

 

 

 

 

 

 

 

 

 

 Betel nut                    Betel nut-tobacco                                                          

 Betel nut doses                              Tobacco doses                                                              

Dose/ day Genotype Cases 

/control 

(n=205/210)  

Adjusted 

ORa [95%CI] 

P- value Cases 

/control 

(n=205/210)  

Adjusted 

ORa [95%CI] 

P- value 

EPHX1 EXON 3 

Never 

 

 

≤10 times /day 

 

 

 

>10 times /day 

 

 

 

EPHX1 EXON 4 

 

Never 

 

 

 

≤10 times /day 

 

 

>10 times /day 

 

 

 

Predicted mEH 

activity 

Never 

 

 

 

≤10 times /day 

 

 

>10 times /day 

TT (Tyr/ Tyr) 9/32 Referent (1.0)  24/74 Referent (1.0)  

TC (Tyr/His) 11/20 1.70 [0.58-4.95] 0.32 40/69 1.58 [0.84-2.96] 0.14 

CC (His/His) 3/8 1.02 [0.21-4.87] 0.97 19/18 2.68 [1.19-6.01] 0.01 

       

TT (Tyr/ Tyr) 57/63 2.62 [1.13-6.06] 0.02 42/17 6.99 [3.32-14.73] <0.001 

TC (Tyr/Hi)s 52/62 2.11 [0.89-4.97] 0.08 6/17 0.81[0.26-2.45] 0.71 

CC (His/His) 43/13 9.59 [3.60-25.55] <0.001 27/3 25.40 [7.00-92.18] <0.001 

       

TT (Tyr/ Tyr) 0/4 - - 0/8 - - 

TC (Tyr/His) 
28/6 

11.85 [3.66-

38.30] 
<0.001 

45/2 
59.97 [13.22-271] <0.001 

CC (His/His) 2/2 2.18 [0.25-18.79] 0.47 2/2 4.31 [0.34-54.05] 0.25 

       

AA (His/His) 17/20 Referent (1.0)  61/112 Referent (1.0)  
AG (His/Arg) 5/34 0.19 [0.06-0.60] <0.01 20/43 0.87 [0.46-1.64] 0.66 

GG (Arg/Arg) 1/6 0.23 [0.2-21.6] 0.20 2/6 0.67[1.27-3.57] 0.64 
       

AA (His/His) 101/119 1.00 [0.49-2.03] 0.99 54/30 3.43 [1.96-5.98] <0.001 

AG (His/Arg) 46/16 2.94 [1.20-7.19] 0.01 19/6 5.45 [1.98-15.00] <0.01 

GG (Arg/Arg) 5/3 1.29 [0.25-6.59] 0.75 2/1 2.13 [0.17-15.45] 0.55 

       

AA (His/His) 19/12 1.77 [0.66-4.78] 0.25 22/9 4.88 [2.08-11.43] <0.001 

AG (His/Arg) 7/0 - - 19/1 29.95 [3.78-237.2] <0.01 

GG (Arg/Arg) 4/0 - - 6/2 4.21 [0.77-23.00] 0.09 

       

slow  18/24 Referent (1.0)  63/117 Referent (1.0)  

Intermediate 3/13 0.33 [0.08-1.36] 0.12 13/18 1.25 [0.56.277] 0.57 

Fast 2/23 0.13 [0.02-0.64] 0.01 7/26 0.55 [0.22-1.36] 0.19 

       

slow  106/121 1.15 [0.58-2.26] 0.67 58/30 3.68 [2.13-6.37] <0.001 

Intermediate 25/9 3.08 [1.12-8.51] 0.02 3/3 1.95 [0.36-10.59] 0.43 

Fast 21/8 3.86 [0.99-8.20] 0.05 14/4 5.12 [1.55-16.93] <0.01 

       

slow  19/11 2.00 [0.76-526] 0.16 22/10 4.26 [1.87-9.68] <0.01 

Intermediate 7/0 -  19/1 29.84 [3.77-235.8] <0.01 

Fast 
4/1 

5.17 [0.51-0.49-
.23] 

0.18 
6/1 

9.25 [1.04-82.27] 0.04 
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Table 21: Interaction of NAT1 genotypes with doses of betel nut habits for head and neck cancer risk 

factor 

P<0.05 is consider to be significance, OR (odds ratio), CIs (confidence Intervals), OR a (Adjusted in 

multivariate logistic regression models) including, gender, age, doses of betel nut, doses of smoking.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Betel nut                    Betel nut-tobacco                                                          

 Betel nut doses                              Tobacco doses                                                                

Dose/ day Genotype Cases 

/control 

(n=205/210)  

Adjusted 

ORa [95%CI] 

P- value Cases 

/control 

(n=205/210)  

Adjusted 

OR a [95%CI] 

P- value 

 

NAT1 T1088A 

Never 

 

≤10 times /day 

 

 

 

 

>10 times /day 

 

 

NAT1 C1095A 

Never 

 

 

 

≤10 times /day 

 

 

 

>10 times /day 

 

 

 

Acetylation 

phenotype 

Never 

 

 

≤10 times /day 

 

 

 

 

>10 times 

TT  7/23 Referent (1.0)  24/54 Referent (1.0)  
TA 11/26 1.41 [0.46-4.33] 0.54 44/84 1.16 [0.62-2.17] 0.63 

AA 5/11 1.32 [0.33-5.24] 0.69 15/23 1.34 [0.58-3.09] 0.48 

       

TT 46/47 2.73 [1.06-7.07] 0.03 24/11 5.12 [2.13-12.25] <0.001 

TA 87/77 3.16 [1.26-7.92] 0.01 47/21 4.69 [2.27-9.72] <0.001 

AA 19/14 3.46 [1.13-10.54] 0.02 4/5 1.39 [0.32-6.06] 0.65 

       

TT 11/2 15.10 [2.61-87.30] <0.01 16/7 4.44 [1.57-12.53] <0.01 

TA 
13/6 

5.48 [1.46-20.61] 0.01 
20/4 

10.13 [3.03-

33.086] 
<0.001 

AA 
6/4 

  3.91 [0.83-18.48] 0.08 
11/1 

 23.68 [2.84-
197.1] 

<0.01 

       

CC 9/30 Referent (1.0)  37/83 Referent (1.0)  
CA 10/24 1.30 [0.44-3.78] 0.62 32/63 1.12 [0.61-2.03] 0.70 

AA 4/6 2.20 [0.50-9.67] 0.29 14/15 2.12 [0.91-4.93] 0.07 
       

CC 64/70 2.52 [1.08-5.85] 0.03 28/16 4.08 [1.93-8.62] <0.001 

CA 70/53 3.69 [1.58-8.61] <0.01 40/14 5.90 [2.81-12.38] <0.001 

AA 18/15 3.36 [1.19-9.49] 0.02 7/7 2.13 [0.66-6.82] 0.20 

       

CC 18/6 8.03 [2.38-27.07] <0.01 26/7 6.97 [2.68-18.07] <0.001 

CA 5/4 3.06 [0.64-14.46] 0.15 13/4 7.40 [2.21-24.75] <0.01 

AA 
7/2 

9.54 [1.61-56.58] 0.01 
8/1 

17.80 [2.09-

151.5] 
<0.01 

       

Slow 11/29 Referent (1.0)  39/82 Referent (1.0)  

Intermedi
ate 

10/24 
1.11 [0.40-3.06] 0.83 

36/63 
1.15 [0.65-2.04] 0.62 

Fast 2/7 0.78 [0.13-4.41] 0.78 8/16 0.95 [0.36-2.49] 0.92 

       
Slow 85/74 3.06 [1.43-6.57] <0.01 48/16 5.97 [2.93-12.18] <0.001 

Intermedi

ate 
54/54 

2.69 [1.22-5.95] 0.01 
24/18 

2.55 [1.20-5.38] 0.01 

Fast 13/10 3.45 [1.16-10.21] 0.02 3/3 2.08 [0.39-11.00] 0.38 

       

Slow 13/3 11.85 [2.81-49.94] <0.01 22/8 4.49 [1.78-11.31] <0.01 

Intermedi

ate 
11/7 

4.31[1.32-14.03] 0.01 
15/4 

6.46 [1.95-21.38] <0.01 

Fast 6/2 7.90 [1.37-45.37] 0.02 10/0 - - 
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Table 22: Interaction of NAT2 genotypes with doses of betel nut habits for head and neck cancer risk 

factor 

 

P<0.05 is consider to be significance, OR (odds ratio), CIs (confidence Intervals), OR a (Adjusted in 

multivariate logistic regression models) including, gender, age, doses of betel nut, doses of smoking 
 

 

 

 

 

 

 

 

 

 

 Betel nut Betel nut-tobacco 

 Betel nut doses Tobacco doses 

Dose/ day Genotype Cases/control 

(n=205/210)  

Adjusted 

ORa [95%CI] 

P- 

value 

Cases/control  

(n=205/210)  

Adjusted 

ORa [95%CI] 

P- 

value 

 

NAT2 C481T 

Never 

 

≤10 times /day 

 

>10 times /day 

 

 

 

NAT2 G590A 

Never 

 

 

≤10 times /day 

 

 

>10 times /day 

 

 

 

NAT2 G857A 

    Never 

 

 

≤10 times /day 

 

 

>10 times /day 

 

 

Acetylation 

phenotype 

Never 

 

≤10 times /day 

 

 

>10 times /day 

 

 

CC 11/32 Referent (1.0)  36/93 Referent (1.0)  

CT 12/23 1.45 [0.54-3.91] 0.45 39/60 1.54 [0.87-2.74] 0.13 
TT 0/5 - - 8/8 2.82 [0.97-8.19] 0.05 

CC 77/88 2.16 [1.00-4.65] 0.04 36/24 3.65 [1.88-7.10] <0.00 

CT 60/45 3.29 [1.48-7.33] <0.01 32/10 8.02 [3.53-18.23] <0.001 

TT 15/5 7.43 [2.15-25.64] <0.01 7/3 5.57 [1.32-23.42] 0.01 

CC 13/7 4.34 [134.14.07] 0.01 29/10 6.70 [2.88-15.55] <0.001 

CT 17/4 9.86 [2.65-34.65] <0.01 18/2 21.19 [4.55-18.36] <0.001 

TT 0/1            -  0/0 - - 

       

GG 10/35 Referent (1.0)  35/94 Referent (1.0)  

GA 9/23 1.39 [0.48-4.00] 0.53 36/55 1.74 [0.97-3.14] 0.06 

AA 4/2 5.02[ 0.78-32.89] 0.01 11/12 2.37 [0.93-6.07] 0.07 

GG 67/77 2.73 [1.34-5.99] 0.01 36/18 5.18 [2.55-10.51] <0.001 

GA 69/46 4.43 [1.96-9.98] <0.001 33/15 5.77 [2.74-12.15] <0.001 

AA 1615 3.26 [1.16-9.10] 0.02 6/4 3.84 [0.98-15.04] 0.05 

GG 11/6 5.54 [1.59-19.24] <0.01 17/6 6.94 [2.45-19.69] <0.001 

GA 13/5 7.24 [203-25.87] <0.01 22/4 12.58 [3.96-39.93] <0.001 

AA 6/1 15.78 [1.61- 154.3] <0.01 8/2 11.20 [2.19-57.32] <0.01 

       

GG 12/40 Referent (1.0)  47/109 Referent (1.0)  

GA 9/18 1.76 [0.62-5.01] 0.28 24/45 1.33 [0.71-2.46] 0.36  

AA 2/2 2.21[0.25-19.20] 0.47 12/7 3.98 [1.44-10.99] <0.01 

GG 81/87 2.64 [1.27-5.50] <0.01 35/16 5.17 [2.56-10.44] <0.001 

GA 59/43 3.96 [1.81-8.66] <0.01 36/17 4.97 [2.47-9.99] <0.001 

AA 12/8 4.62 [1.50.14.21] <0.01 4/4 2.26 [0.52-9.88] 0.27 
GG 19/7 7.33 [2.39-22.44] <0.001 30/9 7.08 [3.03-16.54] <0.001 

GA 8/4 5.44 [1.35-21.97] 0.01 16/3 12.89 [3.49-47.61] <0.001 

AA 3/1 8.72 [0.79-96.09] 0.07 1/0 - - 
       

Fast 1/15 Referent (1.0)  7/34 Referent (1.0)  

Intermedi
ate 

9/24 
5.19 [0.59-45-54] 0.13 

27/67 
1.88 [0.74-4.81] 0.18 

Slow 13/21 8.18 [0.95-70.11] 0.05 49/60 3.82 [1.54-9.47] <0.01 

Fast 19/25 9.27 [1.11-77.22] 0.04 10/7 6.22 [1.73-22.41] <0.01 

Intermedi

ate 
49/54 

11.27 [1.42-89.17] 0.02 
21/10 

9.67 [3.15-29.66] <0.001 

Slow 84/59 18.19 [2.321.42] <0.01 44/20 9.59 [3.59-25.59] <0.001 

Fast 6/4 17.25 [1.55-1.99] 0.02 8/3 10.06 [2.06-49.04] <0.01 

Intermedi
ate 

4/4 
14.42 [1.22-170] 0.03 

15/5 
12.51 [3.36-46.57] <0.001 

Slow 20/4 56.19 [5.62-561] <0.01 24/4 26.92 [6.93-104.1] <0.001 
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4.4 Discussion 

In this present study, we investigated the association between seven potential genetic 

variants (EPHX1Tyr113His, EPHX1His139Arg, NAT1T1088A, NAT1 C1095A, NAT2 

C481TA, NAT2 G590A and NAT2 G857A) with BN and tobacco chewing habits in 

order to estimate the risk for HNC in NE population of India. In our study we found that 

the EPHX1Tyr113His, intermediate mEH activity, NAT2 C481T, NAT2 G590A 

genetic variants with slow acetylation phenotype was significantly associated with 

increased risk of HNC. Previous investigations on the association between EPHX1 

polymorphism (Tyr113His and His139Arg) and cancer risk have yielded inconsistent 

results. His/His genotype of EPHX1 Tyr113His polymorphism is a risk factor for 

developing cancer for Asian and mixed population while no evidences were found for 

the association of His139Arg polymorphism and cancer risk [21]. Earlier studies have 

also demonstrated that polymorphism in exon 3 of EPHX1 113 gene increases risk for 

several types of cancers including oropharyngeal [22], ovarian cancer [23], and acute 

leukemia [24]. The association between EPHX1 Tyr113His polymorphism and lung 

cancer and breast cancer risk has been reported in many recent studies but the results 

were inconsistent. Recent meta-analysis conducted by Tan et al. indicated that 

Tyr113His polymorphism may be a risk factor for lung cancer in Asians whereas it may 

decrease the risk among Caucasians [5], but no association was found with breast cancer 

risk [5]. Our study on the North East subjects also demonstrated strong association of 

His/His genotype of EPXH1 Tyr113Arg polymorphism with HNC risk, however, we 

could not observe His139Arg polymorphism as a risk factor in our subject. EPHX1 

His139Arg polymorphism have been reported to be associated with higher risk of 

esophageal cancer in high risk area of India and lung cancer in Asian population [4, 

25].Recent meta-analysis with 10 case-control studies also indicated that EPHX1 

Tyr113His polymorphism may be a risk factor for HNC while His139Arg 

polymorphism was not associated with the risk of HNC [3].  

 

Reports from Jain et al. demonstrated a lower risk for esophagus cancer in low-risk 

Areas of India [1]. Further studies or meta-analysis suggested that EPHX1 Tyr113His 

polymorphism might be a risk factor of HNC, whereas, no evidence was found for the 
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association between the EPHX1 His139Arg polymorphism with HNC [3], esophageal 

[26] and breast cancer [27]. 

 

The polymorphism in NAT1 is reported to have increased the susceptibility to cancers 

occurring in the colon [28], bladder [29], pancreas [30], prostate [31], breast [32] and 

gastric cancer [13]. However, we did not find any association of NAT1 gene 

polymorphism, similar to previous researcher who worked on Caucasians [33], and 

Indian population [34]. Our observation on NAT2 C481T and G590A variant 

demonstrated a high impact in HNC in NE population of India. In context of East India 

population NAT2 C481T and G857A variant has increased risk of oral submucosa 

fibrosis and G590A variant didn’t show any impact [35].  

 

Meta-analysis carried out in 14 case-control studies demonstrated that NAT2 G590A 

may be a risk factor while the NAT2 G857A polymorphism was associated with a 

decreased risk of cancer and likely to act as a protective factor against cancer 

development [36]. In our study population NAT2 G857A was not associated with HNC 

risk. The NAT2 occurs as NAT*5, NAT*6 and NAT*7 alleles and are classified as 

rapid, intermediate, or slow acetylators phenotype respectively [37]. Pervious study 

demonstrated that NAT2 slow genotype was significantly associated with a higher risk 

for colon [38], larynx [39], and bladder cancer [37]. We confirmed that among our study 

cohort the slow acetylator NAT2 has significantly increased risk for HNC as compared 

with healthy controls. Recent meta-analysis carried out with 23 case-control studies also 

demonstrated NAT2 might be a low penetrant risk factor for HNC among Asians and in 

subgroup analysis according to ethnicity, slow acetylators were observed to be 

associated with increased susceptibility for HNC among the Asians but not among 

Caucasians or population with mixed ethnicities [40]. In the present study, we also 

assessed the association and interaction of polymorphism in xenobiotic metabolism 

genes with exposure to chemical carcinogens such as betel nut, tobacco and smoking 

habits, as previous studies have showed that these habits play a contributory role in 

development of HNC [41, 42]. 

In our study we demonstrated that chewing of betel nut enhanced the risk for HNC in 

combination with tobacco chewing. In this region betel nut chewing is a unique, 
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widespread and cultural tradition prevalent in many peoples. The basic component of 

betel nut is a chewing mixture composed of betel nut wrapped with betel leaf spread 

with slaked lime, in addition with tobacco (zarda, gutkha, khaini) or without tobacco 

(pan masala) [43]. BN is known to contain various types of compounds including 

phenolic, alkaloids, and tannins; besides which nitrosamines are formed from an in vivo 

reaction of betel arecoline, nitrite and thiocyanate, all of which act as potent carcinogens 

[44, 45]. Numerous studies have reported that the constituents of BN/betel quid (BQ) 

chewing have significant association with increased risk for oral, oropharyngeal [42], 

stomach [46], esophageal [4] and breast cancer [47]. Tobacco contains highly reactive 

electrophiles such as benzo-a- pyrene (BaP), polycyclic hydrocarbon (PAHs) and 

naphthalene-derivative compounds[48].The nitration of arecoline produces a variety of 

betel quid-specific nitrosamines (BQSN) which interact with protein, DNA and other 

biomolecules and forms adducts to exert its carcinogenic activity [49]. Therefore, we 

can assume that the environmental exposure of BQSN might have an association with 

the increased risk for HNC prevalent in this region [45]. 

 

In consistent with earlier studies, it is quite clear that the genetic polymorphisms and 

their interaction with carcinogenic agents show a significant individualistic risk 

response. Ihsan et al. reported that betel quid chewing and smoking habit among 

EPHX1 113Tyr/His allele have moderate effect and tobacco chewers and betel quid 

users having 139His/Arg possess significant risk for esophageal cancer in NE 

population [4]. Conflicting results have been found that showed 113 His/His allele plays 

a protective role for esophageal cancer among tobacco smokers and betel nut chewers, 

as compared with the 113Tyr/Tyr wild-type genotype in Taiwanese population [50].  

 

However, our study observed that 113 His/His variant with BN and tobacco chewing 

habits had increased the risk of HNC. On the other hand, among smokers the fast mEH 

activity phenotype was associated with an increased risk of colorectal adenomas [51]. 

Our results indicated that the intermediate and fast mEH activity phenotype is 

associated with increased risk for HNC with only BN chewing habit and not with 

tobacco chewers. A comprehensive meta-analysis have demonstrated that putative low 

EPHX1 activity may have a protective role on tobacco related carcinogenesis of lung 
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and upper aero-digestive tract cancers whereas putative higher activity may have 

harmful effect, suggesting that smoking status may influence association of EPHX1 

activity and cancer risk [52] and His/Arg genotype at Exon 4 in prostate cancer risk in 

the Slovak Population [53]. In our study population we observed the association of 

intermediate activity phenotype with HNC risk among the smoker. 

 

We also did not observe any association of NAT1 gene polymorphism with betel nut, 

tobacco chewing and smoking habits. Furthermore, our study is the first to report that 

higher doses of tobacco chewing act synergistically with BN in our subjects. There are 

few studies that demonstrated association of smoking [54], and tobacco chewing [55], 

with NAT1 polymorphism in developing HNC. Also other study reported the associated 

risk for HNC with NAT1 polymorphism within the smoking stratified subgroup in 

Caucasians population [33].  

 

Our result also revealed the association between NAT2 polymorphism and tobacco 

smoking habits as a risk factor for oral cancer in South African population [56]. The 

slow acetlylatorNAT2 genotype might modify the effect of carcinogenic agents present 

in betel quid tobacco, smoking habits, and their intermediate and slow acetylator 

genotype may be responsible for increased risk of cancer [57, 58]. Several other studies 

reported that NAT2 slow acetylation with smoking plays a vital role in increasing the 

risk of several cancers including colorectal [59], and bladder cancer [60], and chewing 

of betel quid increased the risk for oral and pharyngeal cancer in Taiwan population 

[57]. In this context, to best of our knowledge, this study is the first one to investigate 

that betel nut chewing habit with NAT2 slow acetylation activity exhibit higher risk for 

HNC in NE population. Previous study suggested that NAT2 C481T genotype increased 

the risk for HNC among Taiwan population with betel-quid and smoking habits [58], 

which supports our observation that NAT2 C481T (CT) allele showed higher impact 

among betel nut, tobacco chewers and smoking habits. In case of NAT2 C481T (TT) for 

betel nut and NAT2G590A (AA) allele for smoking habit, higher impact on HNC were 

observed. In contrast, earlier studies on NAT2 polymorphism did not show significant 

association with environmental factor like tobacco as for esophagus cancer risk in India 

population [1]. NAT2 A857G showed high synergistic interaction in increasing the risk 
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for oral sub mucous fibrosis (OSF) exposed to betel nut/areca nut-tobacco among 

eastern Indian population [35]. However, we found the doses of BN in slow acetylator 

was associated with higher impact on HNC (56.19 fold) and we also found that higher 

exposure of tobacco with BN increased the risk (26.92 fold) of HNC in NE population.   

 

In conclusion, our finding showed that EPHX1 and NAT2 polymorphism enhances the 

risk of HNC either alone or in combination. However, the study identified diverse forms 

of interaction in betel nut and tobacco habits. Our study suggests that higher exposure of 

tobacco chewing have synergy with BN in developing HNC in the NE population. 

Further, the study sample size limits the polymorphism analysis and with large cohorts 

are warranted to find the risk factor associated with the effect of genetic variation of the 

EPHX1 and NAT genes of this study. 
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