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Introduction: 

1.1 Tobacco consumption in Pakistan:  

Pakistan is the 7
th

 most populous country in the world with an estimated 

160 million people. Annual growth rate is 2.03% due to high birth (29/1000) and 

low death rates (8/1000). The median age is 19 years, which shows that the 

population is young (Hassan et al., 2013). It has been administratively divided into 

four provinces (namely Punjab, Sindh, Khyber Pakhtunkhwa and Baluchistan), 

Federally Administered Tribal Area, Capital Territory (Islamabad), Azad Kashmir 

and the Northern Areas. Khyber Pakhtunkhwa is the North West province, with an 

estimated population of 25 million (Khyber Pakhtunkhwa Bureau of Statistics 

2013). Tobacco consumption is common in Pakistan. About half of the men (54%) 

and one fifth (20%) of women are addicted to one form of it or the other, 

including about 22 million smokers and 55% of the houses have at least one 

individual who smoke tobacco. This accounts for about 32% of the total South 

Asian population that smoke tobacco as given in Figure 1.1 (Pakistan Health 

Education Survey, 1991; Economics of Tobacco for the South Asia (SA) Region). 

According to WHO-EMRO (Eastern Mediterranean Regional Office) 9% of 

women and 36% of men are addicted to cigarette smoking (Tobacco Control 

Country Profiles 2003; Tobacco Control Cell, Ministry of National Health 

Services Regulations and Coordination, Pakistan). According to a recent survey 

reported by daily Dawn, Pakistan is among the top four countries with rising 

tobacco use (Daily Dawn, 2015). Tobacco products include both smoking and 

smokeless tobacco products such as Cigarettes, Beedis (hand-made cigarettes), 

Huqqa, Sheesha, Naswar, Gutka and Paan. Naswar consumption in Khyber 

Pakhtunkhwa is very much common especially among the Pashtun male 
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population  (Bhurgri et al., 2006a). Tobacco consumption is the principal 

preventable cause of premature death worldwide. It is estimated that about 5 

million people die of tobacco related diseases each year, and according to WHO 

this figure will rise to 20 million by the year 2030, the majority of which will be in 

the developing countries (Bhurgri et al. (2006a) (Bile et al., 2010). Tobacco is the 

main independent risk factor for the development of cancer, especially those of 

the head and neck area and upper aero digestive tract (Bhurgri, 2005). 

 

Figure1.1: Percentage of cigarette smokers in South Asian population 

1.2 Cancer statistics of Pakistan with special reference to tobacco related 

cancers: 

In Pakistan data from various cancer registries during 1995-1997 showed 

that the most common types of cancer in males were lung, oral cavity, urinary 

bladder and larynx; while in female’s, breast, oral cavity and ovary cancers were 

the most common malignancies. Data from 1998-2002 showed an increased 
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incidence for lung, larynx and urinary bladder in males; and breast, esophagus and 

cervix in females (Bhurgri et al., 2006a). Similarly data from 50,552 registered 

cancer patients from five major cancer hospitals during period 2004 - 2008 

showed that breast and oropharyngeal cancers were the most  common cancers 

(16.1% and 9.9% respectively) which have significantly higher incidence as 

compared to all other types of cancers (Table 1.1)  (Bile et al., 2010).  

Table 1.1: Cancers most frequently reported from five leading  cancer hospitals of Pakistan 

Cancer JPMC
a
  

No.  

(%) 

CHK
b
 

No.  (%) 

IRNUM
c
 

No.  (%) 

SKMCH 

& RC
d
 

No.  (%) 

NORI
e
 

No.  (%) 

Total 

No.  (%) 

Oropharynx 1922 

(17.7%) 

487 

(14.8%) 

1444 

(9.5%) 

796 

(6.3%) 

395 

(4.6%)  

5044 

(9.9%) 

Breast 1508 

(13.9%) 

613 

(18.6%) 

1392 

(9.2%) 

2856 

(22.6%) 

1790 

(20.9%) 

8159 

(16.1%) 

Liver 361 

(3.3%) 

110 

(3.3%) 

176 

(1.2%) 

725 

(5.7%) 

142 

(1.65%) 

1514 

(3.0%) 

Larynx 343 

(3.2%) 

46 (1.4%) 188 

(1.2%) 

- 189 

(2.2%) 

766 

(1.5%) 

Abdomen and 

anal canal 

698 

(6.4%) 

320 

(9.7%) 

898 

(5.9%) 

540 

(4.3%) 

1017 

(11.9%) 

3473 

(6.9%) 

Esophagus 496 

(4.6%) 

117 

(3.5%) 

1171 

(7.7%) 

- 166 

(1.93%) 

1950 

(3.9%) 

Non- Hodgkin 

Lymphoma 

502 

(4.6%) 

37 (1.1%) 1312 

(8.7%) 

908 

(7.2%) 

- 2759 

(5.5%) 

Hodgkin disease  - - 462 

(3.6%) 

- 462 

(0.9%) 

Lung 798 

(7.3%) 

183 

(5.5%) 

479 

(3.2%) 

399 

(3.2%) 

422 

(4.92%) 

2281 

(4.5%) 

Brain 265 

(2.4%) 

21 (0.6%) 851 

(5.6%) 

257 

(2.0%) 

- 1394 

(2.7%) 

Skin 180 

(1.7%) 

26 (0.8%) 830 

(5.5%) 

- - 1036 

(2.1%) 

Uterus/Cervix 366 

(3.4%) 

96 (2.9%) 529 

(3.5%) 

- 197 

(2.3%) 

1188 

(2.4%) 

Acute 

Lymphoblastic 

Leukemia 

125 

(1.1%) 

2 (0.1%) 748 

(4.9%) 

281 

(2.2%) 

- 1156 

(2.3%) 

Leukemia - - - 401 

(3.2%) 

730 

(8.5%) 

1131 

(2.2%) 

Others 3322 

(30.5%) 

1241 

(37.6%) 

5104 

(33.8%) 

5039 

(39.8%) 

3533 

(41.2%) 

18239 

(36.1%) 

Total 10886 

(%) 

3299 15122 12664 8581 50552 

a
 Jinnah Postgraduate Medical Centre  

b 
Civil Hospital Karachi 

c 
Institute of Radiotherapy & 

Nuclear Medicine 
d 

Shaukat Khanum Memorial Cancer Hospital and Research Centre 
e 

Nuclear Medicine, Oncology & Radiotherapy Institute. (Adapted from K.M. Bile et al., 
2010.) 
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The age-standardized rates (ASR) for all cancers from 1995-1997 were 

139 and 169 per 100000 in males and females respectively which increased to 179 

and 204 per 100000, respectively, in 1998-2002 data. The mean age of the patients 

was 51 years in males and 50 years in females in 1995-1997 data, which changed 

to 49 and 53 years respectively in 1998-2002 data. The data from 2004-2008 

showed an overall drop in the mean age to 45 years for all patients. Majority of 

the patients (65%) at the time of diagnosis were in stage III or IV while about 40% 

were at stage I or II, with a small percentage with no histological confirmation. 

Data from 2004-2008 showed that 53% were male patients. Pashtun represention 

was more (56%) followed by Baluchis and Punjabis (Bhurgri et al., 2006a). 

1.2.1 Tobacco related cancers: 

Tobacco is the main independent risk factor for the development of cancer, 

especially those of the head and neck area and upper aero digestive tract 

(Bhurgri, 2005). In Pakistan, about 50% tumors in males and 25% those of in 

females are associated with consumption of tobacco products.  These include 

seven of the top ten cancers in males (lung, oral cavity, larynx, urinary 

bladder, pharynx, esophagus and prostate) and two of the top ten cancers in 

females (oral cavity and esophagus), along with a dramatic increase in the 

registry of new cases (Bhurgri et al., 2006a); (Bile et al., 2010). In recent 

studies it has been observed that oropharyngeal cancer was the most frequent 

in Jinnah Postgraduate Medical Centre (JPMC) and Institute of Radiotherapy 

& Nuclear Medicine (IRNUM), and ranked second, third and fifth in Civil 

Hospital Karachi (CHK), Shaukat Khanum Memorial Cancer Hospital and 

Research Centre (SKMCH&RC), respectively. Of all the cancer patients about 
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37.4% were users of Smokeless Tobacco (ST) while 23.6% were tobacco 

smokers. The oropharyngeal cancers in males were significantly higher as 

compared to females (OR = 1.59; 95% CI: 1.438–1.82). Similarly OR in these 

patients using ST and/or cigarettes was 4.7 (95% CI: 3.92–5.54) as compared 

to those having no such habit(s) (Bile et al., 2010). Over all oropharyngeal 

cancers have been shown to be the second most common malignancies 

throughout Pakistan and have significantly higher incidence as compared to 

other countries from WHO’s Eastern Mediterranean Region (Bhurgri et al., 

2005, Bhurgri et al., 2006b, Salim et al., 2003, Mousavi, 2006, Al-Kayed and 

Hijawi, 1999, Al-Hattab, 2003). It is worth noting that oropharyngeal cancer is 

the fourth most common cancer in the world (Amtha et al., 2009b); (Amtha et 

al., 2009b). This increased incidence in Pakistan paralleled with the increased 

use of both ST and smoking tobacco reveals a definite public health problem 

to be addressed at government level. Several studies from India and Pakistan 

have shown that there was sufficient evidence that the use of tobacco mixed 

with lime and chewing betel quid containing tobacco were carcinogenic to 

humans (Rao and Desai, 1998, Rao et al., 1994, Nandakumar et al., 1990, 

Balaram et al., 2002, Znaor et al., 2003, Dikshit and Kanhere, 2000). Similarly 

pan with or without tobacco has been associated with oral cancer (Badar et al., 

2005). In all of the above mentioned studies significant dose–response 

relationships were observed for frequency of chewing per day and for duration 

of tobacco consumption. Similarly Naswar and nass has been shown to 

possess an elevated risk for oral cancer in their users (Rao and Desai, 1998) 

(Badar et al., 2005). Smoking has been shown to possess an elevated risk for 

the development of oropharyngeal and laryngeal cancers as compared to 
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chewing tobacco (Rao et al., 1994) (Dikshit and Kanhere, 2000) 

(Sankaranarayanan et al., 1990). 

On the other hand, regions extending from Quetta through Dera Ismail 

Khan into Khyber Pakhtunkhwa have higher incidence rate of esophageal 

cancer (EC) as compared to other areas and some expert suggest it as the 

‘extension of the Asian cancer belt’ (Figure 1.2) that stretches eastwards from 

Iran through Turkmenistan, Afghanistan, Uzbekistan, Kazakhstan into 

Northern China and Mongolia with annual age-standardized incidence rate 

(ASIR) as high as 100 new cases per 100,000 population (Afridi et al., 2000). 

Studies have reported tobacco use including cigarette smoking, naswar intake 

and paan chewing as the main risk factors for EC (OR: 3.3 and 2 for cigarette 

and naswar respectively) (Salim et al., 2003, Afridi et al., 2000, ud Din et al., 

2010). Alongside that many other factors have been implicated in these areas 

in the etiology of the disease including environmental factors such as mineral 

contents of the soil; dietary factors such as diet low in fruits, vegetables and 

animal proteins; and alcoholism (Sharma et al., 2011) (Yi and Li, 2012). 

Besides that, age, gender, poor socioeconomic status and genetic factors also 

contribute towards the higher incidence of the disease (Mao et al., 2011) 

(Amani et al., 2013). 
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Figure 1.2: Possible extension of esophageal cancer belt into Khyber Pakhtunkhwa 

and Baluchistan provinces of Pakistan. 

 

1.2.2 Carcinogens in tobacco products: 

 The association of tobacco (especially of ST) with cancer is confirmed 

by the presence of atleast 30 carcinogens that have so far been reported in both 

smoking and smokeless tobacco products (LYON, 2014). These include the N-

nitrosoamino acids and non-volatile alkaloid-derived tobacco-specific N-

nitrosamines (TSNA) (the most abundant carcinogens), volatile N-

nitrosamines, benzo[a]pyrene, volatile aldehydes, certain lactones, urethane, 

toxic heavy metals, uranium and polonium- 210 (Brunnemann et al., 2002)  

(LYON, 2014). Smokeless tobacco products contain three major types of 

nitroso compounds: (a) N-nitrosamino acids, including 4-

(methylnitrosamino)butyric acids (MNBA), 3-(methylnitrosamino)propionic 

acids (MNPA), and N-nitrososarcosine (NSAR); (b) Volatile N-nitrosamines, 

including N-nitrosopyrrolidine (NPYR), N-nitrosopiperidine (NPIP), N-
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nitrosomorpholine (NMOR) and N-nitrosodimethylamine (NDMA); (c) 

Nonvolatile TSNA, including 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone 

(NNK) and N′-nitrosonornicotine (NNN). TSNA content of fresh green leaves 

of N. tabacum species grown in India is up to 0.0115 μg/g of NNK and up to 

0.035 μg/g of NNN, while that of N. rustica is 2.34 μg / g NNK and 46.1 μg/g 

NNN (Bhide et al., 1987). However, TSNA are formed primarily during 

fermentation, curing and aging processes from their alkaloidal precursors 

(namely nicotine, anatabine, anabasine and nornicotine) and nitrite/nitrate. The 

contents of nitrate and nitrite, and curing and other such processes are 

therefore the determining factors for the formation of TSNA in tobacco. NNN, 

N’-nitrosoanatabine (NAB) and N′-nitrosoanatabine (NAT) arise primarily 

from their corresponding secondary amines during curing process, while NNK 

is produced from the tertiary amine nicotine in the fermentation process 

(Spiegelhalder and Fischer, 1991). Tobacco addicts, especially snuff users are 

exposed on a daily basis to at least 100-fold higher quantities of N-

nitrosamines, including the TSNA. Polycyclic aromatic hydrocarbons (PAHs) 

come from polluted air and from fire-curing of tobacco. Acetaldehyde, 

crotonaldehyde and formaldehyde are also present, which are possible 

carcinogens. The aromatic alkyl aldehydes are formed from sugars and amino 

acids through heating during tobacco processing (Coleman and Perfetti, 1997). 

The α- and β-angelica lactones are naturally present in tobacco. Among poly 

phenols, coumarines, especially scopoletin, are also present. Urethane in 

fermented Burley tobacco comes from fermentation process. Hydrazines are 

present in both air- and flue-cured tobacco. Toxic heavy metals such as 
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arsenic, lead, cadmium, nickel, chromium etc. may come from soil, lime and 

ash that are added to tobacco products (Weeks et al., 1989). 

 

1.2.3  Mechanism of carcinogenesis of various tobacco carcinogens: 

Among tobacco carcinogens three classes are of major importance i.e., 

Tobacco Specific Nitrosamines (TSNAs), Poly Aromatic Hydrocarbons 

(PAHs) and aromatic amines (Rickert et al., 2009). These compounds are 

actually procarcinogens and are metabolized by Xenobiotic metabolizing 

enzymes, namely Cytochrome P450 (CYPs) and Glutathione-S-transferases 

(GSTs). The former is involved in their activation to carcinogenic species; 

while the latter is involved in their detoxification and excretion from the body  

(Bhurgri et al., 2006a). Various isoforms of CYPs such as Cyp1A1, Cyp1A2, 

Cyp2A6, and Cyp2E1 are reportedly involved in activation process (Olshan et 

al., 2000) (D'errico et al., 1996) (Bartsch et al., 2000) (Nebert et al., 2004) 

(Mace et al., 1998) (Hecht, 2004) (Tiano et al., 1994) (Le Marchand et al., 

1999)  (Villard et al., 1998). Similarly among GSTs, M1 (GSTM1) and T1 

(GSTT1) enzymes are more important in detoxification (Masood et al., 2013). 

These reactive carcinogenic species then react with DNA to form adducts that 

ultimately leads to the initiation of carcinogenesis as explained below.  

1.2.4 DNA Adducts 

Covalent binding of carcinogens to DNA (DNA adducts formation) is 

believed to be the principle mechanism involving chemical carcinogenesis. 

This fact is supported by several observations - Majority of the carcinogens 

are also mutagens - The mutagenicity and carcinogenicity of many 

carcinogens involve their conversion to activated species that attach with 

nucleophilic sites within DNA - dose-response relationship between DNA 
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adducts and carcinogenic and mutagenic responses - and the accomplishment 

of proto-oncogenes to oncogenes with the help of interaction of carcinogens 

(Beland and Poirier, 1994). 

 

1.2.5 The role of DNA adducts: 

DNA adducts play important role in the carcinogenesis of various 

tobacco related cancers as well (Hecht, 1999). Majority of tobacco 

carcinogens require metabolic activation before they react with the DNA, 

although some may react directly such as formaldehyde, acetaldehyde and 

ethylene oxide. This activation is accomplished by CYPs specially CYP1A1, 

1A2, 2A6, 2A13 and 2B6 (Guengerich, 2001) (Nademanee, 1992) (Patten et 

al., 1996) (Smith et al., 1996) (Smith et al., 1995) (Su et al., 2000) (Jalas et al., 

2003) (Jalas et al., 2005). Most of the time P450-catalysed reactions are 

detoxifying and the metabolites are excereted directly or further undergo 

detoxification reactions, but some time electrophilic species are generated that 

subsequetly react with DNA (Fig 1.3, 1.4, & 1.5) (Hecht, 1999); (Hecht, 1998) 

(Preussmann et al., 1984) (Cooper et al., 1983) (Talaska et al., 1991). 

Metabolism of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), PAH 

metabolism and aromatic amines are discussed below.  

1.2.5.1  NNK metabolism:  

Major reactions involving NNK metabolism include carbonyl 

reduction, hydroxylation, and pyridine oxidation (Fig 1.6). Principal 

metabolite of carbonyl reduction pathway is NNAL, catalyzed by cytosolic 

carbonyl reductase, 11-hydroxysteroid dehydrogenase and aldo-keto reductase 

(Maser, 2004). This reaction generally occurs in many tissues including upper 
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aerodigestive tract and liver. When NNK is administered into the body, NNAL 

is rapidly produced as a predominate metabolite in blood (Hecht, 1998). 

NNAL has carcinogenic activity and can undergo further bioactivation 

(Rivenson et al., 1988) (Castonguay et al., 1983). The oxidation of NNAL 

back to NNK does not occur extensively; still it is of interest as it could play a 

role in its carcinogenicity. The hydroxylation reactions of NNK and NNAL 

are of principal concern as they produce reactive intermediates that can 

covalently bind DNA, RNA and proteins. The carcinogenic effect of NNK and 

its metabolites, like most carcinogens, is due to this metabolic activation. 

Hydroxylation occurs on the methyl or methylene carbons adjacent to the N-

nitroso group. Methyl carbon hydroxylation results in the formation of 4-

(hydroxymethylnitrosamino)-1-(3-pyridyl)-1-butanone (1), which 

subsequently converts to 4-oxo-4-(3-pyridyl)-1-butanediazohydroxide (2) and 

formaldehyde. Compound (2) is highly reactive and can form bulky 

pyridyloxobutyl (POB) adducts on DNA, RNA and protein. It can also react 

with water producing 4-hydroxy-1-(3-pyridyl)-1-butanone (keto alcohol or 

HPB) (III), which can be quantified to determine the extent of hydroxylation 

at NNK’s methyl carbon. NNAL also undergoes similar hydroxylation 

reactions to generating electrophilic metabolites. The α-hydroxylation of the 

methyl carbon of NNAL forms an intermediate (3), which decomposes to 

formaldehyde and the 4-hydroxy-4-(3-pyridyl)-1-butanediazohydroxide (4), 

that can also pyridyloxobutylate DNA. Compound (4) can combine with water 

to form 4-hydroxy-1-(3-pyridyl)-1-butanol (Diol) (VI) or cyclizes to 2-(3-

pyridyl) tetrahydrofuran (pyridyl-THF) (VII). Hydroxylation of the methylene 

carbon of NNK results in the formation of 4-hydroxy-4-(methylnitrosamino)-
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1-(3-pyridyl)-1-butanone (5) that spontaneously decomposes to methane 

diazohydroxide and 4-oxo-4-(3-pyridyl)butanal (keto aldehdye or OPB) (6). 

Methane diazohydroxide is a methylating agent and interacts with DNA at 

several bases. OPB can undergo further oxidation to form 4-oxo-4-(3-pyridyl) 

butyric acid (IV) (keto acid of OPBA), and can also be separated through its 

bisulfite adduct to know the extent of methylene hydroxylation. NNAL (7) 

methylene carbon hydroxylation ultimately generates methane diazohydroxide 

(8), a methylating species; and a hydroxy aldehyde which can cyclize to 5-

hydroxy-2-(3-pyridyl)tetrahydrofuran (lactol) and could be further oxidized to 

4-hydroxy-4-(3-pyridyl)butyric acid (hydroxy acid) (V). 

As mentioned above, the reactive metabolites can pyridyloxobutylate 

and methylate DNA. The bulky NNK-induced pyridyloxobutyl (POB) DNA 

adducts are detected at O2- positions of cytosine and thymine, and N7-, N2- 

and O6-positions of guanine (Jalas et al., 2005). The methane diazohydroxide 

metabolite generated from NNK metabolism, methylates DNA at several bases 

producing 7-methylguanine (7-mG), O6-methylguanine (O6-mG), and O4-

methylthymine (O4-mT). The extent of NNK-induced DNA methylation and 

POB adduction are dependent on a number of factors including the levels of 

bioactivation and detoxification, site of hydroxylation (the methyl or 

methylene carbon of NNK), and ability to repair DNA adducts. Some 

individuals activate NNK and/or NNN more efficiently than others; an 

observation which requires further investigation. Identification of such 

individuals through genotyping or phenotyping may be of value in 

identification of such ‘cancer susceptible’ individuals. Similarly individuals 

with greater capability for endogenous conversion of Nicotiana alkaloids to N-



    
 

  14 
 

nitrosamines may be identified. The capability of NNK to produce both 

methyl and POB adducts differentiate it from other TSNA carcinogens that 

can induce only one type of DNA damage. Treatment with either N-

nitrosodimethylamine or NNN, agents that can only methylate or 

pyridyloxobutylate DNA respectively, have lower carcinogenicity compared 

to NNK which induce both types of adducts (Hoffmann et al., 1984) (Hecht et 

al., 1986).  

NNK induced DNA adducts have been detected in the lungs of human 

smokers. Peripheral lung and tracheobronchial tissue from smokers had 

significantly higher levels of DNA-POB adducts compared to non-smokers 

(Foiles et al., 1991) (Hölzle et al., 2007). Higher levels of 7-mG adduct has 

been reported in smokers compared to non-smokers (Mustonen et al., 1993). 

Similarly, O6-mG has also been detected in the lungs of smokers (Wilson et 

al., 1989). The latter has been demonstrated to have important role in 

pulmonary carcinogenesis in mice; and is strongly correlated with tumour 

multiplicity in NNK or acetoxymethyl-methylnitrosamine (a DNA 

methylating NNK analog) (Hecht, 2003); (Peterson et al., 2001). It induce 

G→A (GGT→GAT) transition mutations in DNA that are resistant to DNA 

repair mechnisms, and has been reported in codon 12 of the K-ras oncogene of 

lung adenocarcinomas in NNK treated mice (Belinsky et al., 1989). G→A and 

G→T in codon 12 of K-ras gene in lung tumours of NNK-treated mice have 

also ben reported for POB adducts. Mutations of K-ras at codon 13, 61, and 

specially 12 can potentially develop cancer and has been reported in 15 to 

20% of all non-small cell lung cancers and 20 to 30% of human lung ACs 

(Belinsky et al., 1989). It has been more frequently reported in lung AC from 
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smokers as compared to ACs from former smokers and never-smokers (Sekido 

et al., 2003) (Slebos et al., 1991) (Westra et al., 1993). It should however be 

noted that methyl and POB adducts detected in smokers may not only be 

derived from NNK, but also from other nitrosamines including NNN and N-

nitrosodimethylamine present in tobacco (Hecht, 2003). Similarly NNK has 

also been reported to silence p16 tumour suppressor gene by epigenetic 

changes through methylation of cytosine residues in CG dinucleotides that are 

found near the promoter region (Belinsky et al., 1998). This change is 

associated with reduced p16 protein levels that could contribute to 

carcinogenesis by impairing cell cycle checkpoints. NNK may cause this 

effect through in vivo alteration of DNA methyltransferases activity (Belinsky, 

1998). 
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Figure 1.3: Formation of Tobacco specific nitrosamines (TSNA) from tobacco 

derived alkaloids (nicotine, nornicotine, anatabine and anabasine) 
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Figure 1.4: Metabolic activation of NNK and NNN to intermediates which binds to 

DNA and protein. 

 

 

 

Figure 1.5: Scheme linking nicotine via NNK to formation of DNA adducts, to 

activation of K-ras oncogene to lung tumours. 
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Figure: 1.6: Pathways of NNK metabolism. (Metabolites I and II are 

detoxified products produced by pyridine oxidation .Metabolites III-VII are 

endpoints of alpha-hydroxylation are generated by reactive metabolites that 

are pyridiloxybutylate (1), methylate (2) and pyridylhydroxobutylate (3). DNA 

(Source: Smith et al, 2003) 

 

1.2.5.2  PAH metabolism:  

The principal PAH carcinogen is benzo- (a) pyrene, which is activated 

to the carcinogen metabolite benzo (a) pyrene- dihydrodihydroxy epoxide 

(also called bay region epoxides) by combined action of CYPs and epoxide 

hydrolase  (Guengerich, 2001) (Fig 1.7). Both (+) - and (–) forms are formed 

which are highly reactive towards DNA. B[a]P is first oxidized by liver 

microsomes to (+)- and (–)-B[a]P-7,8 oxides, with the (+) enantiomer being 

the major metabolite, that are subsequently converted to (+)-and (–)-B[a]P- 

7,8-diol. Cyps finally activate both the enantiomers to highly reactive bay 

region epoxides, namely (+)-B[a]P-7,8-diol-9,10-epoxide-2, (–)-B[a]P-7,8-
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diol-9,10-epoxide-1, (+)-B[a]P-7,8-diol-9,10-epoxide-1, and (–)-B[a]P-7,8-

diol-9,10-epoxide-2.  Among these four diol-epoxides (+)-B[a]P-7,8-diol-

9,10-epoxide-2 has been reported to be the most reactive in producing tumors 

in newborn mice, although all are mutagenic in Ames Salmonella tester strains 

and Chinese hamster V-79 cells models. This mechanism has also been 

applied to other PAHs to explain their carcinogenic activation by CYPs and 

epoxide hydrolase.1), such as  7,12-DMBA and DB[a,l]P  which are converted 

to 7,12-DMBA-3,4-oxide and DB[a,l]P-11,12-epoxide, respectively (Fig. 1.8). 

These epoxides are hydrolyzed by epoxide hydrolase to form 7,12-DMBA- 

3,4-diol and DB[a,l]P-11,12-diol, which are finally oxidized again by CYPs to 

the ultimate carcinogenic metabolites, 7,12-DMBA-3,4-diol-1,2-epoxide and 

DB[a,l]P-11,12-diol-13,14-epoxide, respectively. Other PAH compounds 

considered to be activated by human CYPs to DNA-modifying products by 

same mechanism include benzo[b]fluoranthene, benz[a]anthracene, 

benzo[g]chrysene, benzo[c]phenanthrene, chrysene, 5-me-thylchrysene and 

5,6-dimethylchrysene, which has been shown in Salmonella typhimurium 

NM2009 tester strain using 5-methylchrysene 1,2-diol as a Substrate. These 

metabolites react with DNA to form predominantly guanosine adducts and if 

not detoxified by GSTs can lead to initiation of carcinogenesis. 
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Figure 1.7: Metabolic Activation of B[a] P to bay region by P-450 and epoxide 

hydroxylase. 

 

Figure 1.8: Metabolic activation of DB [a, l] P (A) and 7, 12-DMBA (B) to 

bay region epoxides by P450 and epoxide hydrolase 
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1.2.5.3  Aromatic amines metabolism: 

Various industrial processes, tobacco consumption and certain foods 

expose human beings to various aromatic amines and amides (Beland and 

Kadlubar, 1990). Nitropolycyclic aromatic hydrocarbons exposure is also 

common, which result from incomplete combustion and subsequently give rise 

to aromatic amines by nitroreduction (Tokiwa et al., 1986). Aromatic amines 

and amides are generally activated by an initial N-oxidation to yield N-

hydroxy arylamines and N-hydroxy arylamides (arylhydroxamic acids), 

respectively. Similarly, nitropolycyclic aromatic hydrocarbons give rise to N-

hydroxy arylamine via nitroreduction. N-Hydroxy arylamines can be further 

activated to acetate and sulphate esters and may also react directly with DNA. 

On the other hand, arylhydroxamic acids do not react directly and are 

converted to reactive esters (Figure 1.9). Major DNA adducts of these 

electrophiles arise from their covalent linkage to the carbon of guanine, while 

minor adducts arise from reaction between  artho carbon of amines and 

amides and the exocyclic oxygens and nitrogens of adenine and guanine. 

Distribution of these adducts appear to be non-random and depends upon the 

surrounding nucleotides at the binding site of the carcinogen. Almost all 

aromatic amines follow the same pattern of adduct formation although 2-

acetylaminofluorene is the prototype and most extensively studied among 

them. These include but are not limited to N-hydroxy-2-aminofluorene 

(Bichara and Fuchs, 1985), N-acetoxy-2-trifluoroacetoxy-2- aminofluorene 

(Mah et al., 1989), and N-hydroxy-l-aminopyrene. Chromatin structure 

strongly influences the reaction of DNA with aromatic amines. For example, 

more extensive binding occurs in intemucleosomal linker regions as compared 
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with the nucleosome core in N-acetoxy-2-acetylaminofluorene treated cells 

(Kaneko and Cerutti, 1980). Similarly, more extensive binding has been 

observed in transcriptionally active DNA, and repetitive DNA sequences, 

staphylococcal nuclease-sensitive and DNAse I-resistant regions of chromatin, 

when 2-acetylaminofluorene or its arylhydroxamic acid are administered 

(Metzger et al., 1976, Ramanathan et al., 1976, Metzger et al., 1977, Baranyi-

Furlong and Goodman, 1984, Moyer et al., 1977, Schwartz and Goodman, 

1979, Gupta, 1984). A linear correlation has been observed between 

concentration of 2-Acetylaminofluorene and the extent of DNA binding in 

hepatic carcinoma experiments in rats and mice, although it is more 

carcinogenic in former than latter (Pereira et al., 1981). This relationship has 

also been observed for benzidine and hepatic DNA adducts level in liver of 

mice and rats, when administered intraperitoneally, but it has failed to induce 

tumour in the liver (Talaska et al., 1987, Neumann, 1983, Gupta et al., 1988, 

Beland and Kadlubar, 1990). Dose related steady-state concentrations of the 

amines (specially 2-acetylaminofluorene and 4-aminobiphenyl) in blood and 

tissues, and hepatic and bladder DNA adducts appear approximately one 

month of dosing of aromatic amines to rats and mice  that show a linear 

correlation with hepatic tumor incidence (Jackson et al., 1980, Buss and Lutz, 

1988, Beland and Kadlubar, 1990). Similar relationship has also been 

observed between bladder tumor incidence and bladder DNA adducts 

concentration in male mice for 4-aminobiphenyl administration; but not 

females (Beland and Kadlubar, 1990). Tumorigenesis by 2-

acetylaminofluorene in rats and mice is gender related, with relatively high 

yield of tumors in males at same level of DNA adducts (Pereira et al., 1981). 
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Aromatic amines are shown to be associated clearly in the induction of bladder 

cancer in humans. Higher concentration of 4-aminobiphenyl haemoglobin 

adducts have been detected in blood samples of smokers than in non-smokers 

(Bryant et al., 1987), an observation consistant with tobacco-related increases 

in the incidence of bladder cancer (Mommsen and Aagaard, 1983). 

Immunoassay and P
32

 – labelling studies have shown the presence of 4-

aminobipheny1 DNA adducts in human bladder and lung samples, with 

increased concentrations found in smokers and ex-smokers as compared to 

non-smokers (Wilson et al., 1989, Talaska et al., 1990). 

 

Figure 1.9: Metabolic activation pathways of aromatic amines, aromatic 

amides and nitropolycyclic aromatic hydrocarbons. 
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The above mentioned pathways point to the complex mechanisms of 

tumor induction, but it can be concluded that tobacco carcinogens and their 

activated metabolites induce mutations through DNA adduct formation; and 

these mutations are then associated with chromosomal instability, cell-cycle 

checkpoints disruptions and other change that leads to cancer (Hecht, 1998) 

(Boysen et al., 2003) (Adriaenssens et al., 1983) (Miller, 1994). 

1.3 CYPs and GSTs and thier role and significance in carcinogen metabolism 

The CYPs isoenzymes are a group of heme-containing enzymes mainly 

found in the membranes of the endoplasmic reticulum of hepatocytes, and 

involved in the metabolism of steroids and xenobiotics such as drugs and 

carcinogens (Schwarz, 2003). The most important and well studied route of 

xenobiotic metabolism is the CYPs catalysed mixed-function oxidation 

reaction with the following stoichiometry  

NADPH + H
+ 

+ O2 + RH → NADP
+ 

+ H2O + ROH 

Where, RH is oxidisable drug substrate and ROH is the hydroxylated 

metabolite, which is subsequently processed in Phase II conjugation reactions. 

The UDP-glucuronosyltransferases (UGT), glutathione-S-transferases (GST), 

sulfotransferases (SULT), epoxide hydrolases (EPH), NAD (P) H: 

Quinoneoxidoreductase (NQO) or N-acetyltransferases (NAT) are the major 

phase II drug-conjugation enzymes that leads to the increased hydrophilicity 

of the drug, and in turn  excretion in the the bile and / or urine and 
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consequently leads to its detoxification (Iyanagi, 2007). An over all sketch of 

phase I and II metabolism of a lipophilic substance is presented in Fig. 1.10.  

 

Figure 1.10: Phase I and II metabolism of a lipophilic xenobiotic 

A number of CYP isoenzymes are expressed by mammals including 

humans that have specific role in metabolism (Anzenbacher and 

Anzenbacherova, 2001). Names given to each isozyme has three parts based 

on the conventions of molecular biology. The first part represents family 

(members of the same family have more than 40% similarity in their amino 

acid sequences); the second part represents subfamily (55% homology); and 

third part represents individual gene (Zuber et al., 2002). Family is represented 

by Arabic numeral, subfamily is represented by a capital letter and individual 

gene is represented by another Arabic numeral. For example in isozyme 

CYP1A2, ‘1’ represents family, ‘A’ represents subfamily, while ‘2’ represents 

the individual gene. The most important in drug metabolism are the CYP 

families 1–4, although more than 30 human CYP isozymes have been 
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identified so far. Almost 90% human drug oxidation is accomplished by six 

main enzymes (CYP1A1/2, 2C9, 2C19, 2D6, 2E1 and 3A4/5).  

However, activity of these enzymes is variable in different individuals 

due to genetic differences. Single nucleotide polymorphisms (SNP) are mainly 

responsible for these genetic variations. SNP is defined as ‘a deviation in 

DNA sequence with an allele frequency of at least 1%. Therefore, 

heterozygotes for such alleles occur with a frequency of at least 2%’. 

Genetically determined rates of drug metabolism and thus elimination or 

activation can lead to variable responses, clinically giving rise to as decreased 

activity or the manifestation of toxic effect in ‘predisposed’ individuals 

(Schwarz, 2003). Fot this reason genetic polymorphisms with respect to their 

clinical relevance are one of the most active areas of research nowadays.  

Three different types of mutations are present based on SNP – 

substitution (exchange), insertion (addition) and deletion (loss). These small 

alterations may give rise to mutations or it may be translated into a stop codon. 

Insertion or deletion causes ‘frame shift mutations’ by shifting the reading 

frame that results in a gene that no longer codes for a functional gene product. 

This type of mutation is known as ‘nonsense mutation’. SNPs are present 

throughout the genome but only few of them are of functional significance. 

Generally four major phenotypes of CYPs could be expected based on 

the genotype. Poor metabolizers (PM) with decreased or loss of activity, being 

homozygous for either functionally variant alleles or having a complete 

deletion of the gene; Ultrarapid metabolisers (UM) with extensive metabolic 

activity resulting from gene duplications or multiplications; Intermediate 
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metabolizers (IM), who are heterozygous for specific variant alleles; and 

extensive metabolisers (EM) possessing two functionally competent alleles. 

1.4 Genetic polymorphism in CYPs and GSTs and its significance in genetic 

susceptibility towards cancer: 

As discussed above CYPs and GSTs are involved in the processing of 

tobacco carcinogens. Various isoforms of CYPs including CYP1A1 are 

reportedly involved in activation process (Olshan et al., 2000). Similarly 

among GSTs, M1 (GSTM1) and T1 (GSTT1) enzymes are more important in 

detoxification (Nair et al., 1999). However, the expression of these enzymes 

differs in individuals resulting in differences in the metabolic processing of 

carcinogens. Certain individuals are genetically more susceptible to cancer 

when exposed to carcinogens owing to their genotype for enzymes 

responsible for their activation or detoxification (Abbas et al., 2014). This is 

evident from the general observation that only a small number of individuals 

among those exposed to tobacco or alcohol under the same environmental 

conditions develop cancer in their life time. Allelic variants influencing the 

enzyme activity of CYP1A1 along with environmental factors such as 

tobacco use play key roles in making individuals susceptible to different 

types of cancers (Xia et al., 2013). The CYP1A1 gene located on 

chromosome 15q22-q24 (Genomic coordinates (GRCh37): 15:75,011,882 - 

75,017,950 (from NCBI)) encodes an enzyme with aryl hydrocarbon 

hydroxylase activity that plays important role in the metabolism of 

polycyclic aromatic hydrocarbons (PAH) and nitrosamines from tobacco, 

and inherited differences in metabolic capacity are considered to contribute 

significantly in carcinogenesis (Sabitha et al., 2010). Certain allelic 

http://genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr15:75011882-75017950&dgv=pack&knownGene=pack&omimGene=pack
http://genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr15:75011882-75017950&dgv=pack&knownGene=pack&omimGene=pack
http://www.ncbi.nlm.nih.gov/
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variations in the CYP1A1 gene and prolonged exposure to tobacco products 

could lead to higher levels of reactive metabolites, thereby causing DNA 

damage in addition to other contributing factors (Prokopczyk et al., 1997, 

Velema et al., 2002).  

High inducibility phenotype of CYP1A1 gene (that is present in 

approximately 10% of the human population) has been shown to be at high 

risk for developing cigarette smoke-induced bronchogenic and squamous cell 

carcinoma of lungs than low-inducibility individuals, specially at a 

polymorphic site located 450 bases downstream from the CYP1A1 gene 

(Kouri et al., 1982, Petersen et al., 1991, Kawajiri et al., 1990, Perera, 1997). 

Two major relevant polymorphic sites of the CYP1A1 gene have been 

studied in several types of cancer that lead to large inter-individual 

differences in the activity of Arylhydrocarbon Hydroxylase (AHH) enzyme 

involved in the processing of PAH and nitrosamines. One site (known as 

Msp1 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 Ile/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). More PAH-DNA adducts levels (and p53 

mutations) has been reported in various studies for both polymorphic sites in 

smokers having variant alleles (Mooney et al., 1997). The 23.3-kb spacer 

region between CYP1A1 and CYP1A2 genes (that lie head-to-head on 

chromosome 15) suspectedly contain distinct regulatory regions for both of 

these genes. One study has reported striking ethnic differences in SNP 
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frequencies and haplotype evolution in a sample population of 

geographically isolated subgroups (containing Africans, Asians and 

Caucacians) (Jiang et al., 2005).  

Similarly Glutathione S-transferases (GSTs) family is involved in 

detoxification by conjugating many electrophilic and hydrophobic 

compounds with reduced glutathione. Various distinct classes of GSTs 

include alpha, kappa, mu (M1), omega, pi (P1), sigma, theta (T1) and zeta 

classes, among which M1, T1 and P1 are the most extensively studied GSTs. 

GSTM1 is present on chromosome 1p13.3 (Genomic coordinates (GRCh37): 

1:110,230,417 - 110,240,827 (from NCBI)), while GSTT1 and GSTP1 are 

located on chromosomes 22q11.2 (Genomic coordinates (GRCh37): 

22:24,376,134 - 24,384,283 (from NCBI)) and 11q13, respectively. Deletion 

of these genes results in a lack of enzyme activity and consequently a 

decrease in the elimination of carcinogenic species. Two of the GSTs i.e., 

GSTM1 and GSTT1 have been extensively explored in relation to several 

types of cancers (Amtha et al., 2009a). They both detoxify major tobacco 

related carcinogens and their absences increase the risk of a variety of 

cancers of different areas including that of the upper aerodigestive tract, 

bladder and breast. Loss of GSTM1 enzymatic activity due to homozygous 

null genotype reportedly occurs in about 50% of Asians and Caucasians 

(Amtha et al., 2009a).  

Previous studies on the association of cancer with polymorphism in 

these genes have shown varying results. Some studies have shown the 

association of polymorphisms in CYP1A1 and GSTM1 genes with oral cancer 

(Wogan et al., 2004, Tanimoto et al., 1999), while some studies have 

http://genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr1:110230417-110240827&dgv=pack&knownGene=pack&omimGene=pack
http://www.ncbi.nlm.nih.gov/
http://genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr22:24376134-24384283&dgv=pack&knownGene=pack&omimGene=pack
http://www.ncbi.nlm.nih.gov/
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reported a lack of association (Sharma et al., 2006, Sreelekha et al., 2001, 

Cha et al., 2007, Park et al., 2000a, Olshan et al., 2000). These seemingly 

conflicting observations are due to geographic and ethnic variations in the 

distribution of genotype frequencies of both CYP and GST alleles along with 

other environmental factors.  

A recent study has emphasized on the inclusion of country of study, 

source of population, specific ethnicity and characteristics of general 

demographic variables in future studies to deduce conclusive and more 

reliable results. Association of genetic polymorphisms of the above 

mentioned genes with any type of cancer has not been so far reported in 

Pashtun population of Khyber Pakhtunkhwa province of Pakistan. Therefore, 

potential role of CYP1A1, GSTM1 and GSTT1 gene polymorphisms in the 

susceptibility to oral, pharyngeal, esophageal cancers and Non-Hodgkin 

Lymphoma (NHL) in Pashtun population of Khyber Pakhtunkhwa province 

of Pakistan has been investigated in this study. 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. 

1.5 Methods of detection of polymorphisms: 

 Polymorphisms of CYP activity can be determined by following two 

methods. 

1.5.1 Genotyping: 

Genotyping is based on relatively simple molecular biology methods 

that have a number of practical benefits in comparison to phenotyping. 

This rapidly developing area of study is known as Pharmacogenomics that 
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deals with the influence of genetic variation on drug response in patients 

by correlating gene expression or SNPs with a drug's efficacy or toxicity 

(Wang, 2010). It has applications in diseases like cancer, cardiovascular 

disorders, depression, bipolar disorder, attention deficit disorders, HIV, 

tuberculosis, asthma, and diabetes etc. In cancer, pharmacogenomic tests 

are used to identify genetically susceptible individuals in certain types; and 

also to determine which patients are most likely to respond to certain 

cancer drugs. In behavioral health, pharmacogenomic tests provide tools 

for physicians and care givers to better manage medication selection and 

side effect amelioration. Pharmacogenomics is also known as companion 

diagnostics, meaning tests being bundled with drugs. Examples include 

KRAS test with cetuximab and EGFR test with gefitinib. Beside efficacy, 

germline pharmacogenetics can help to identify patients likely to undergo 

severe toxicities when given cytotoxics showing impaired detoxification in 

relation with genetic polymorphism, such as canonical 5-FU (Ciccolini et 

al., 2010). In cardio vascular disorders, the main concern is response to 

drugs including warfarin, clopidogrel, beta blockers, and statins. 

1.5.2 Phenotyping: 

Phenotyping involves the measurement of drug/ metabolite 

concentrations in blood, urine etc., or enzyme activity or protein levels in 

blood. It may involve administration of probe drug metabolized by the 

pathway to be studied, followed by measurement of drug/metabolite 

concentration ratio in blood, urine or other secretions; or methods without 

administration of probe drugs by direct measurement of enzyme activity 

or protein levels.  

http://en.wikipedia.org/wiki/Genetics
http://en.wikipedia.org/wiki/Gene_expression
http://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
http://en.wikipedia.org/wiki/Efficacy
http://en.wikipedia.org/wiki/Toxicity
http://en.wikipedia.org/wiki/Cancer
http://en.wikipedia.org/wiki/Cardiovascular_disorders
http://en.wikipedia.org/wiki/Cardiovascular_disorders
http://en.wikipedia.org/wiki/Depression_(mood)
http://en.wikipedia.org/wiki/Bipolar_disorder
http://en.wikipedia.org/wiki/Attention_deficit_disorder
http://en.wikipedia.org/wiki/HIV
http://en.wikipedia.org/wiki/Tuberculosis
http://en.wikipedia.org/wiki/Asthma
http://en.wikipedia.org/wiki/Diabetes
http://en.wikipedia.org/wiki/Cancer_treatment
http://en.wikipedia.org/wiki/Cancer_drugs
http://en.wikipedia.org/wiki/KRAS
http://en.wikipedia.org/wiki/Cetuximab
http://en.wikipedia.org/wiki/Epidermal_growth_factor_receptor
http://en.wikipedia.org/wiki/Gefitinib
http://en.wikipedia.org/wiki/Cardio_vascular_disorder
http://en.wikipedia.org/wiki/Warfarin
http://en.wikipedia.org/wiki/Clopidogrel
http://en.wikipedia.org/wiki/Beta_blocker
http://en.wikipedia.org/wiki/Statin
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1.5.3 Advantages and disadvantages: 

Both the methods have certain advantages and disadvantages. 

Certain undeniable advantages of genotyping exist. Analysis is not affected 

by factors associated with phenotyping like intraindividual variability, co- 

administration of another drug, and environmental or constitutional 

factors. It is not so time-consuming as compared to phenotyping. There is 

no compliance issue as small volume of whole blood is required for PCR-

based assays to be taken from patient once and for all; thus adherence to 

strict regimens during the study period or unloading of the organism of the 

probe is not required. Moreover, one time genotyping in the life time is 

sufficient for the patient. Genotyping tests can be performed in screening 

of large poulations, and the techniques used can be easily adapted in any 

molecular biology laboratory. It also has certain disadvantages. Indirect 

determination and cost of analysis are major concerns. Genotyping may 

misclassify the subject with regards to enzyme activity in case of unknown 

functional SNPs. Advantages of phenotyping include the necessity to 

know the real enzyme activity although the genotype may be known. 

Disadvantages of the phenotyping include the risk of adverse drug reaction 

to the probe, non compliance of the subjects, intra-individual variations 

extending from enzyme induction or inhibition, variant levels of 

endogenous factors, and diet or concurrent disease. 

Finally, by genotyping we describe genetic predisposition and 

through phenotyping we determine actual enzyme activity. As a 

consequence the patients can be assigned into one of the phenotypes (PM, 

UM, IM, EM). 
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1.5.4 Methods of detection of SNPs/Genotyping: 

SNPs are most commonly detected by Polymerase chain reaction 

(PCR) based analysis that allows massive exponential amplification of the 

target DNA sequence. Different PCR methods available include single 

strand conformation polymorphism (SSCP), restriction fragment length 

polymorphism (RFLP), and allele specific and sequence specific PCR 

analysis methods. The principle of SSCP is the differences in the mobility 

patterens of nucleic acids in a non-denaturing gel under electrophoretic 

conditions. In contrast to double- strand DNA, the flexible single-strand 

DNA adopts a specific conformation due to intramolecular interactions, 

determined by unique sequence and composition. Even one single base 

substitution can induce conformational changes that can be detected as a 

variation in electrophoretic mobility pattern of the single-strand DNA in 

non-denaturing polyacrylamide gels. RFLP is based on the the principle 

of digestion of the amplified target sequence using a specific restriction 

enzyme that differentiate between wild type and variant sequence that 

differes only by one nucleotide. The restriction fragments are 

subsequently analyzed by either agarose or polyacrylamide gel 

electrophoresis depending on the size differences among the fragments. 

Agarose gels can separate fragments having differences of greater than 40 

bp (Daly, 2004). Allele specific and sequence specific PCR analysis 

methods utilize specific probes for allelic discrimination. These methods 

are highly specific and work on the principle of fluorescence resonance 

energy transfer (FRET) for signal generation. Variability in the energy 

levels required to dissociate bonds between base pairs in double stranded 
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DNA fragments of the amplified sequence is used to detect various SNPs 

in an amplified PCR product. In case of wild-type DNA strand the probe 

is completely complimentary and melts off at a characteristic temperature 

that is higher than in the presence of SNP. Any mismatch under the probe 

causes a decrease in Tm. A specific example is TaqMan probe in which 

G-T transformation may change the Tm by as little as 3°C and as much as 

10°C for A–C substitutions (Bustin, 2000). Melting temperatures are 

observed in real time by decline of fluorescent signal at the time of 

loosing the probes. Another approach to analyse SNPs is minisequencing 

that is based on annealing of 3’ end primer with one marked nucleotide 

that is annealed only when it is complementary to template 

oligonucleotides. Based on minisequencing, DNA chips and 

pyrosequencing methods have been developed. Pyrosequencing is actually 

sequencing by synthesis in which repeated incorporation of dNTP is 

accompanied by a release of proportional amount of pyrophosphate that 

instantly emits visible light from luciferase reaction (Zackrisson and 

Lindblom, 2003). Signal peak in the pyrogram in real-time indicate 

nucleotide sequence and the differences are directly visible. New 

technologies are now a day emerging that allows rapid screening for 

clinically relevant CYP genes. These technologies can identify many 

SNPs during one reaction. Examples include commercial diagnostic chips 

for detection of SNPs in CYP2D6 and CYP2C19 genes. Similarly DNA 

chips utilizing a small piece of silicon glass (~ 1 cm2) are available to 

which a large number of synthetic, single-stranded DNA oligos have been 

chemically bonded as a probe. They selectively anneal only to DNA 
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sequences that are completely complementary allowing thier 

identification in a heterogeneous mixture of genes.  

*************************************************************** 
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Methodology 

2.1 Materials 

2.1.1 General chemicals 

Chemicals Source 

Agarose Invitrogen Cat # 75510-011 (Carlsbad CA USA) 

Boric acid Serva Cat # 15165 (Germany) 

DNA Ladder Fermentas Cat # SM0323 

EDTA Invitrogen Cat # 75576-028 (Carlsbad CA USA) 

Ethanol Merck Cat # 26225745 (Germany) 

Ethidium bromide Sigma Cat # E7637 (USA) 

Magnesium chloride Invitrogen Cat #AM9530G (Carlsbad CA USA) 

DNTPs Promega Cat #U1515 (USA)  

Taq polymerase  Thermo Scientific Cat #EP0402 (USA) 

PCR primers Macrogen Cat #0G140311-175 

PCR grade distilled 

water 

Thermo Scientific Cat # R0581  

Sucrose Invitrogen Cat #15503-022 (Carlsbad CA USA) 

Tris EDTA solution 

(50X) 

USB Cat # 75834 (USA) 

2 X PCR Master mix Fermentas Cat #K0171 (EU) 

Phenol USB Cat # 75829 (USA) 

Sodium Chloride Invitrogen Cat #24740-011 (Carlsbad CA USA) 

Tris Invitrogen Cat #15504-020 (Carlsbad CA USA) 
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2.1.2 General solutions  

Some solutions were frequently used in this study. These solutions 

were prepared as per following procedures. 

Solution A 

Solution A for DNA extraction was prepared by dissolving sucrose 

(0.32 M), Tris (10 mM) and MgCl2 (5 mM) in distilled water and the solution 

was autoclaved. Subsequently 1% v/v triton 100X was added and the container 

was properly labelled. 

Solution B 

Solution B for DNA extraction was prepared by adding Tris (10 mM), 

NaCl (100 mM) and EDTA (2mM) in distilled water. 

Solution C 

Isoamylalcohol (1 volume) and chloroform (24 volumes) were mixed 

to prepare a 1:24 solution. 

Loading Dye 

Sucrose (4 g) and bromophenole blue (0.024 g) was dissolved in 10 ml 

distilled water to make prepare loading dye for gel electrophoresis.  

5X Tris, Boric acid, EDTA (TBE) 

Boric acid (275 g), Tris (540 g) and disodium EDTA (46.5 g) were 

dissolved in distilled water to make up a final volume of 10 L of 5 X TBE 

solutions. It was properly labelled and stored at room temperature to be diluted 

to 1 X concentration prior to be used in electrophoresis. 
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Ethidium Bromide (EtBr) 

Ethidium bromide powder (0.1 g) was dissolved in 10 ml of distilled 

water and the container was wrapped in aluminum foil to protect the solution 

from light and was subsequently labelled properly.  

70% Ethanol 

Pure alcohol (70 ml) was added to 30 ml of distilled water to prepare 

70% ethanol solution. 

10% Ammonium Persulphate 

Ammonium persulphate (1 g) was dissolved in 10 ml of distilled water. 

Aliquots of 2.5 ml were separated and stored at 4 
o
C until required. 

20% SDS 

Sodium dodecyl sulphate (20 g) was dissolved in 100 ml of distilled water. 

2.2 Patient identification and preparation of samples: 

Before commencement of the study, ethical approval was obtained 

from the Ethical Committee of the Department of Pharmacy; University of 

Peshawar (No. 440, dated 17.12.2011).A copy of the approval is attached as 

annexure I at the end of the thesis. The patients were registered as per 

exclusion/inclusion criteria at various centers of Khyber Pakhtunkhwa, 

namely, Institute of Radiotherapy and Nuclear Medicine (IRNUM) Peshawar, 

Department of Clinical Oncology BINOR cancer hospital Bannu and 

Oncology Unit of Northwest General Hospital and Research Centre. Likewise 

controls were recruited from various districts of Khyber Pakhtunkhwa namely, 

Bannu, Charsadda, Nowshera, Peshawar, Swabi, and Southern and Northern 

districts. A questionnaire was designed based on various contributing factors 

towards cancer, on the basis of through literature search, such as age, place, 



    
 

  40 
 

occupation, socioeconomic status, cancer type and tobacco use habits etc. A 

copy of the proforma is attached at the end of the thesis as annexure II. Three 

milliliters of whole blood was collected from subjects in properly labelled 

EDTA tubes. Informed consent and thorough interview was taken by expert in 

the relevant field before blood collection. Study subjects comprised of 151 

healthy controls, 200 oral cancer patients, 140 esophageal cancer patients 130 

Pharyngeal cancer patients and 183 NHL cases that encompassed the 

exclusion/inclusion criteria. Samples collected were shifted to the Department 

of Pharmacy, University of Peshawar and stored at -20
 o

C. The study period 

was from between June, 2012- June, 2013. Patient exclusion/inclusion criteria 

were as mentioned below. 

Inclusion Criteria: 

 Age between 35 and 70 years with Pashtun ethnicity. 

 Histo-pathologically proven cancer (IRNUM does not admit patients 

without confirmed histopathological report). 

 Not less than 20 years of tobacco exposure in any form 

Exclusion criteria for patients: 

 Age >70 years. 

 Patients with non-Pashtun ethnicity 

Criteria for selection of control subjects: 

 Normal healthy age-matched subjects of Pashtun ethnicity with not less 

than 20 years of exposure to tobacco in any form, and free from any 

evident cancer. 
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2.3 DNA extraction and quantification 

2.3.1 DNA extraction: 

DNA was extracted using both conventional procedures as well as 

through extraction kit. DNA extracted through phenol/chloroform method was 

used in conventional PCR, while that obtained through kit was used in real 

time PCR analysis. 

2.3.1.1: Phenol chloroform method:  

The method of  (Köchl et al., 2005) was exploited for DNA extraction 

with minor modifications. In Eppendorf tube (1.5 ml) already aliquoted blood 

(700ul) was gently mixed with solution A (700ul). After mixing 

homogeneously it was incubated at room temperature for 10 minutes and then 

centrifuged at 14000 rpm for 1 min. For backup approximately 1ml of 

supernatant was taken and stored in another tube, (100-150 ul) pellet was 

utilized for further use. 

Resuspension of pellet was done in 400ul of solution A and 

centrifugation was repeated according to prior conditions. About 1200ul of 

supernatant was taken from it and was transferred to another sterile tube in a 

gentle manner so that the pellet is not disturbed. The pellet was further added 

with 400ul of solution B, 12ul of 20% SDS and 25ul of proteinase K. The 

sample was further incubated at 56
o
C for 120 min or 37

 o
C for overnight.   

The overnight digested suspension was mixed with phenol and 500ul 

of solution C. The Eppendorf tube was mixed homogenously and centrifuged 

for 5 min at 14000 rpm. The supernatant (Aqueous phase) was shifted to a 

fresh tube with the help of sterile tip and mixed gently for 30 sec with solution 

C and further centrifuged for 5 min at 14000 rpm. The supernatant (Aqueous 
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phase) was transferred again into a fresh tube. The Aqueous phase was treated 

with   approximately 1000 ul of chilled ethanol (95%) and 55 ul of sodium 

acetate, after homogenous mixing for 10 minutes centrifugation was done for 

1 min at 14000 rpm. The supernatant was discarded in a manner so that pellet 

is not disturbed. The Eppendorf tubes rim was blot dried followed by 2-3 

minutes of air drying. In 100ul of distilled water (P.H 8) the pellet was gently 

dissolved and incubated at 56
 o

C until complete dissolution of pellet occurs. 

After complete dissolution, the tubes were properly labelled and stored at – 20 

o
C.    

2.3.1.2: DNA extraction using commercial kit (Invitrogen): 

DNA extraction kit (Invitrogen) was used for extraction. The following 

procedure was followed as supplied with the kit. 200 µl whole blood was 

taken in a clear centrifuge tube and 20 µl each of proteinase K and RNAase 

were added and briefly vortexed and incubated at room temperature for 2 

minutes. Then 200 µl Lysis/ Binding buffer was added, briefly vortexed and 

incubated at 55 ºC for 10 minutes. Alcohol (95-100 %, 200µl) was then added 

to the lysate and briefly vortexed. The lysate was then immediately shifted to 

spin column previously placed in separation tubes and centrifuged at 10,000 g 

for one minute and the eluate discarded. The columns were then transferred to 

clear separation tubes and 500 µl wash buffer 1 was added and centrifuged at 

10,000 g for one minute followed by the addition of 500 µl of wash buffer 2 

and centrifugation at maximum speed for 3 minutes. A two-step elusion was 

done by consecutively adding 100 µl elusion buffer and centrifugation at 

10,000 for one minute. The DNA was stored at -20 ºC for further processing. 

Proper labelling was assured at each step of separation. 
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2.3.2 Detection and quantification of DNA:  

DNA was detected through gel electrophoresis and then quantified 

using spectrophotometric techniques as follows. 

2.3.2.1 Gel electrophoresis:  

DNA was detected via electrophoresis by following procedure: 

Agarose powder (1 gm) was boiled in 100ml of 1x TBE solution to prepare 

1% of Agarose gel (10x7 cm). Approximately 10ul of 5 mg/ml of ethidium 

bromide was added to the gel as the temperature lowered. After pouring of the 

gel into caster (EASYCAST B2®) two combs one of 12 teeth and another of 

14 teeth were gently fixed in the caster and the gel was allowed to cool and 

solidify. 

Diluted DNA samples were prepared in the following proportion 1:1:3 

of Stock DNA, 10X Loading dye and distill water respectively. All diluted 

samples were loaded in separate wells along with a known concentration of 

DNA as a control in each lane. The electrophoresis was conducted at 60 v/cm 

and 47 mA for 60minutes. U-V trans-illuminator system (Alphalmager MINI) 

was exploited for detection of DNA samples. 

2.3.2.2 Spectrophotometry 

After extraction of DNA from whole blood samples it was quantified 

using UV-Spectrophotometry by (Perkin Elmer series 200 system, Norwalk, 

USA). as follows. DNA stock solutions were taken out of freezer and left for 

about an hour for thawing. Centrifuge tubes were properly labeled and loaded 

into rack and then 1:100 ratio diluted solutions of DNA were prepared by 

accurately pipetting 10 µl of DNA and subsequently adding 990 µl of 

autoclaved distilled water. After that the caps of tubes were closed and 
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vortexed to properly mix the solutions. UV-Spectrophotometer was turned on 

and the method was loaded as per protocol. After auto zeroing the samples 

were analyzed by observing there absorbance’s at 260 and 280 nm wavelength 

and the results noted.  

The concentration of the DNA was then calculated for each sample 

using following formula.  

Concentration of DNA = A260 × 50 × Dil. Factor (100). Purity of the DNA 

samples was determined using A260 / A280 ratio. 

After quantification, dilution solutions of all DNA samples were prepared in 

properly labeled centrifuge tubes for subsequent analysis and the DNA stock 

solutions were stored at -20 ˚C. 

2.4 Polymerase chain reaction (PCR) 

2.4.1 Conventional PCR procedure: 

2.4.1.1 Primer designing: 

Information regarding clinical association of the selected genes was 

obtained from OMIM website and then the Human Genome Mutation 

Database (HGMD) was used to determine the potential sites that may be 

studied. Gene sequences of all genes were downloaded from University of 

California San Crutz (UCSC) genome database and Ensemble, and the 

potential Single Nucleotide Polymorphisms (SNP’s) were identified using 

HGMD codon sequence. Primers were then designed using Primer3 Plus 

software as shown in Table 2.1. Gene sequences are provided in Annexure III. 
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Table 2.1: Primer details of CYP1A1 and GST genes 

No Primer Sequence 5’ to 3’ Size 

(bp) 

GC GC 

(%) 

Tm Amplicon 

Size 

1 CYP1A1-

RegF 

CAGTGAAGAGGTGTAGCCGCT 21 12 57 61 345 bp 

CYP1A1-

RegR 

TAGGAGTCTTGTCTCATGCCT 21 10 47 57 

3 GSTM1 

EXON4F 

CATGTGACAGTATTCTTATTTC  20 7 35 49 298 bp 

 GSTM1 

EXON4R 

ACTCAATCTCAGCATCACAGC 20 10 50 55 

4 GSTT1 

EXON5 F 

ATCTGTGGTCCCCAAATCAG 20 10 50 55 632 bp 

 GSTT1 

EXON5R  

GGGGGTTGTCTTTTGCATAG 20 10 50 55 

 

2.4.1.2 Optimization of PCR condition 

Optimization of PCR conditions for all the genes were carried out with 

different concentrations of the reagents as well as annealing temperatures to 

reduce nonspecific primer binding and amplification as follows. 

2.4.1.2.1 Optimization of concentrations:  

PCR is a very sensitive procedure and each reaction component must 

be carefully accounted for, in order to obtain successful amplification of the 

product. Any problem in a single component with regards to quality or 

concentration may lead to failure of the reaction or an inadequate amplified 

product. Each component must be of high purity and quality and having 

known optimum concentration. These components include deoxynucleotide 

triphosphates (dNTPs), Magnesium ion (Mg
++

) (as MgCl or MgSO4), properly 

designed primers, Thermus aquaticus (Taq) polymerase, PCR grade water and 

highly quality DNA template of known concentration.  

dNTPs solution comprise of equal concentrations approximately 0.2 

mM of individual nucleotide required for DNA synthesis namely Adenine, 

Cytosine, Guanidine and Thiamine (each as triphosphate). Concentrations 
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must be equal and optimized for successful amplification of the product and 

deficiency of any of the four nucleotides may lead to inadequate product. As 

Mg
2+

 binds to dNTPs the Mgcl2 needs to be adjusted accordingly for 

maximum product yield. The recommended concentration range is 1-4 mM; if 

the concentration of Mg
2+

 is too low the product yield will be reduced and vice 

versa non-specific PCR products may appear if the concentration is too high. 

More than necessary concentration of primers increases the probability of 

mispriming and non-specific PCR products generation. The recommended 

concentration of primers ranges between 0.1-1uM. Taq DNA polymerase is a 

highly thermostable polymerase enzyme one unit of which catalyzes the 

incorporation of 10nmol of dNTPs into polynucleotide fraction in 30 min at 70 

o
C. Recombinant Taq DNA Polymerase is ideal for standard PCR of amplicon 

size 5 kb or less. Highly sterile PCR grade water is the key need of successful 

PCR reaction any contamination can directly affect the quantity as well as 

quality of PCR product. Pure and optimum amount of template DNA is highly 

curtail for a PCR reaction. High amounts of template increases the risk of non-

specific PCR product generation and lower amount of template DNA 

ultimately reduces the accuracy of amplification. Optimized concentrations for 

PCR reactions are provided in  Table 2.2. 

2.4.1.2.2 Optimization of temperature:  

Different denaturation and annealing temperatures with varying cycles 

were screened for selective amplification. Denaturation temperature range was 

from 92 
o
C to 95 

o
C, while annealing temperature range was between 45 

o
C 

and 65 
o
C.  Cycles ranged from 30 – 45. Optimized temperatures are provided 

in Table 2.3. 
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Table 2.2  : PCR reaction mix compositions 

Reagents Volume of 

reaction 

No. of 

reactions 

Volume for all 

reactions 

10X PCR buffer 2.5 µl 10 25 µl 

dNTPs (10mM) 0.5 µl 10 5 µl 

Primer Mix 0.5 + 0.5 µl 10 10 µl 

PCR grade water 20.3 µl 10 203 µl 

Taq Polymerase 

(5U/µl) 

0.2 µl 10 2 µl 

DNA (~ 1 µg/ul) 0.5 µl 10 5 µl 

Total volume 25 10 250 µl 

 

Table 2.3: Optimization conditions for CYP1A1, GSTT1 & GSTM1  

GENE AMPLIFIED 

REGION 

TEMPERATURE 

(
o
C) 

CYCLES 

CYP1A1 CYP1A1 Msp1 52
 o

C 40 

GSTT1  EXON 5 55
 o

C 40 

GSTM1  EXON 4 52
o
C 40 

 

2.4.1.3 Post amplification agarose gel electrophoresis 

2.4.1.3.1 Preparation of Gel:  

Agarose gel (1 % w/v) was prepared by melting 1 gm of agarose in 100 

ml 1 X TBE buffer in microwave oven. Ethidium bromide (10 ul of 5 mg/ml 

concentration) was added to the gel as the temperature lowered. After pouring 

of the gel into caster (EASYCAST B2
®
) combs were fixed and gel was 

allowed to cool and solidify. 

2.4.1.3.2 Loading of DNA into gel 

The amplified product was gently mixed with loading dye on a para 

film prior to loading in a ratio of 6:2. The homogeneous mixture was then 

added to the respective wells of gel in a gentle manner so that no leakage 

occurs in the Electrophoresis tank.   

2.4.1.3.3 Gel electrophoresis: 

The electrophoresis was conducted at 60v/cm and 47 mA for 60minutes. 
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2.4.1.3.4 Visualization and documentation of gel:  

After electrophoresis amplified products were detected by placing the 

gel in U-V trans-illuminator system (GelDoc system by Alphalmager MINI), 

and the pictures were saved properly. 

2.4.2 Real Time PCR procedure: 

TheCYP1A1m1 (T>C, rs4646903) polymorphism were analyzed using 

a highly specific Real Time Polymerase Chain Reaction (RT-PCR). Light 

SNiP rs4646903 was purchased from Tib-Molbiol Germany that contained 

all primers and probes to run the reaction. Similarly, FastStart DNA Master 

Hyprobe kit required for the reaction as per supplier’s recommendations was 

purchased from Roche Diagnostics Germany. Reaction was performed as per 

recommended guidelines with minor changes as follows. Reaction mix were 

prepared using Reagent Mix (1µl), FastStart DNA Master (2 µl), Magnesium 

chloride (25mm, 1.6 µl), and water (14.4µl). Finally, DNA (1µl, 100–150 ng) 

was added to the reaction mix to make the final volume 20 µl.  

Thermocycler (MiniOpticon Model CFB-3120EDU USA) conditions 

as per protocol were as follows: Denaturation at 95 ºC for 10 minutes; 

Cycling for 45 cycles of 95ºC for 10 seconds, 45ºC for 60 seconds and 72ºC 

for 15 seconds; followed by melting curves analysis at 95ºC for 10 seconds, 

40ºC for 2 minutes through 75ºC for 0 seconds. Duplicate samples were used 

as control. Melting peaks at 51-52 ºC represented wild type (T/T) allele; the 

one at 59-60 º C represented variant (C/C) allele, while samples giving two 

peaks at 51 ºC and 59 ºC were heterozygous (T/C) allele. 
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2.5 Data analysis: 

Chi-square (χ2) test was used to detect whether there were significant 

(α = 0.05) differences in frequencies of genes. Student t-test was used to 

determine stratification of different factors such as age, place of residence, 

tobacco use etc. between cases and control group. Odds Ratios (OR) for each 

polymorphism using binary logistic regression model were estimated with 

95% confidence intervals (CIs), and the difference in genotype 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 CYP1A1 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).  

2.5.1 SPSS commands:  

Following are SPSS commands used to determine various statistics. 

2.5.1.1 Frequencies and Pie charts: 

FREQUENCIES VARIABLES=Ageyrs Sex Address Occupation Cancertype Race 

cigarrete Naswar Both OtherTobacco ageat1stexposure dailyuse GSTT1 

GSTM1 GSTT1GSTM1 

  /STATISTICS=STDDEV RANGE MINIMUM MAXIMUM SEMEAN MEAN MEDIAN 

  /PIECHART PERCENT/ORDER=ANALYSIS 
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2.5.1.2 Chi Square values: 

GET 

  FILE='D:\PHD\RESULTS\GSTs spss\Mouth\MOUTH.sav'. 

DATASET NAME DataSet1 WINDOW=FRONT. 

DATASET ACTIVATE DataSet1. 

SAVE OUTFILE='D:\PHD\RESULTS\GSTs spss\Mouth\MOUTH.sav' 

 /COMPRESSED. 

CROSSTABS 

  /TABLES=GSTT1 GSTM1 GSTT1GSTM1 Cyp1A1 BY Cancertype 

  /FORMAT=AVALUE TABLES 

  /STATISTICS=CHISQ 

  /CELLS=COUNT 

  /COUNT ROUND CELL. 

2.5.1.3 Logistic regression:  

Binary logistic model was used to determine ORs for determing 

genetic susceptibility to various cancers as well as the effect of various 

confounding factors. 

2.5.1.3.1 Individual gene OR: 

GET DATA /TYPE=XLSX 

  /FILE='D:\PHD RESEARCH\RESULTS\GSTs spss\GSTs coded.xlsx' 

  /SHEET=name 'Esophagus' 

  /CELLRANGE=full 

  /READNAMES=on 

  /ASSUMEDSTRWIDTH=32767. 

EXECUTE. 

DATASET NAME DataSet2 WINDOW=FRONT. 

LOGISTIC REGRESSION VARIABLES Cancertype 

  /METHOD=ENTER GSTT1 
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  /CONTRAST (GSTT1)=Indicator 

  /PRINT=CI(95) 

  /CRITERIA=PIN(0.05) POUT(0.10) ITERATE(20) CUT(0.5). 

2.5.1.3.2 Adjusted OR for confounding factors: 

DATASET ACTIVATE DataSet1. 

GET DATA /TYPE=XLSX 

  /FILE='D:\PHD RESEARCH\RESULTS\GSTs spss\GSTs coded.xlsx' 

  /SHEET=name 'Esophagus' 

  /CELLRANGE=full 

  /READNAMES=on 

  /ASSUMEDSTRWIDTH=32767. 

EXECUTE. 

DATASET NAME DataSet6 WINDOW=FRONT. 

LOGISTIC REGRESSION VARIABLES Cancertype 

  /METHOD=ENTER Ageyrs Sex Address Occupation Race cigarrete Naswar 

Both OtherTobacco ageat1stexposure dailyuse GSTM2 

  /CONTRAST (GSTM2)=Indicator 

  /PRINT=CI(95) 

  /CRITERIA=PIN(0.05) POUT(0.10) ITERATE(20) CUT(0.5). 

2.5.1.3.3 Two gene combination OR: 

LOGISTIC REGRESSION VARIABLES Cancertype 

  /METHOD=ENTER Ageyrs Sex Address Occupation Race cigarrete Naswar 

Both OtherTobacco ageat1stexposure dailyuse GSTT1GSTM1 

  /CONTRAST (GSTT1GSTM1)=Indicator 

  /PRINT=CI(95) 

  /CRITERIA=PIN(0.05) POUT(0.10) ITERATE(20) CUT(0.5). 

2.5.1.3.4 All three gene combination ORs: 

DATASET ACTIVATE DataSet2. 

LOGISTIC REGRESSION VARIABLES Cancertype 
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  /METHOD=ENTER GSTCYPcombined 

  /CONTRAST (GSTCYPcombined)=Indicator 

  /PRINT=CI(95) 

  /CRITERIA=PIN(0.05) POUT(0.10) ITERATE(20) CUT(0.5). 

********************************************************************* 
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RESULTS: 

3.1 Demographic characteristics of cancer patients: 

3.1.1  Overall subjects characteristics: 

3.1.1.1 Age: 

Age of cancer patients is given in Table 3.1 and Figure 3.1. Mean age 

was 51.14±07.91. Highest number of patients (cumulative 60.1%) was in 

the range of 41-60 years of age with almost equal distribution in the 5
th

 

and 6
th

 decade of life (29.5% and 30.6% respectively). Lowest number of 

patients (15%) was in the age range of 20-40 years. 

Table 3.1: Age of cancer patients 

Age in years Frequency Percent Valid 

Percent 

Cumulative 

Percent 

20-40  98 15.0 15.0 15.0 

41-50  200 30.6 30.6 45.6 

51-60  193 29.5 29.5 75.1 

60+ 163 24.9 24.9 100.0 

Total 654 100.0 100.0  

 

 
Figure 3.1: Age of cancer patients 
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3.1.1.2 Gender: 

Gender of cancer patients is given in Table 3.2 and Figure 3.2. 

Interestingly, during hole of our study period, we observed only male 

cancer patients fulfilling our criteria although female cancer patients were 

frequently observed at the hospital. Possible causes of this observation has 

been detailed in discussion section. 

 

Table 3.2: Gender of the patients 

     Frequency Percent Valid 

Percent 

Cumulative 

Percent 

     

 Male 654 100.0 100.0 100.0 

 

 
Figure 3.2: Gender of the patients 

3.1.1.3 Address: 

Address of cancer patients is given in Table 3.3 and Figure 3.3. 

Highest incidence of cancer (24.5 %) was observed in Tribal areas; 

followed by Peshawar (14.4 %), Charsadda (11.5 %) and Swabi (10.6 %). 
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Table 3.3: Address of the patients 

Area of 

residence 
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Tribal 160 24.5 24.5 24.5 

Charsadda 75 11.5 11.5 35.9 

Bannu DI Khan 52 8.0 8.0 43.9 

Nowshera 41 6.3 6.3 50.2 

Peshawar 95 14.5 14.5 64.7 

Swabi 69 10.6 10.6 75.2 

Swat malakand 58 8.9 8.9 84.1 

Mardan 60 9.2 9.2 93.3 

Kohat 12 1.8 1.8 95.1 

Dir chitral etc. 32 4.9 4.9 100.0 

Total 654 100.0 100.0  

 

 
 

Figure 3.3: Address of the patients 

 

3.1.1.4 Occupation: 

Occupation of cancer patients is given in Table 3.4 and Figure 3.4. 

Almost all the patients were having hard jobs like farming, driving and 

such other laborious jobs. Highest incidence (cumulative 49.5 %) was 

observed in patients with laborious jobs (labour and other odd jobs); 
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followed by farming (cumulative 35.9 %) with 11.3 % having tobacco 

farming/labour in tobacco fields or industry.  

Table 3.4: Occupation of the patients 

Occupation Frequency Percent 
Valid 

Percent 

Cumulative 

Percent 

Coal labour 28 4.3 4.3 4.3 

Driver 39 6.0 6.0 10.2 

Farmer 161 24.6 24.6 34.9 

Labour 201 30.7 30.7 65.6 

Press 10 1.5 1.5 67.1 

Odd jobs (laborious) 123 18.8 18.8 85.9 

Farmer/labour (tobacco) 74 11.3 11.3 97.2 

Teacher 18 2.8 2.8 100.0 

Total 654 100.0 100.0  

 

 

 
Figure 3.4: Occupation of the patients 

3.1.1.5 Tobacco use pattern:  

Several aspects of tobacco use habit were noted including type of 

tobacco product used, age at 1
st
 exposure and amount of tobacco used per 

day.  
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3.1.1.5.1 Cigarettes: 

Cigarettes use by cancer patients is given in Table 3.5 and Figure 3.5. 

In our study patients relatively small percentage (37.5) was smokers 

 

Table 3.5: Cigarettes use by the patients 

Cigarettes use Frequency Percent Valid Percent 
Cumulative 

Percent 

Non smokers 409 62.5 62.5 62.5 

Smoker 245 37.5 37.5 100.0 

Total 654 100.0 100.0  

 

 
Figure 3.5: Cigarettes use by the patients 

3.1.1.5.2 Naswar: 

Naswar use by cancer patients is given in Table 3.6 and Figure 3.6. In 

our study patients’ majority of the patients (94.3 %) were naswar users. 

Table 3.6: Naswar use by the patients 

Naswar use Frequency Percent Valid Percent 
Cumulative 

Percent 

Non-user 37 5.7 5.7 5.7 

Naswar user 617 94.3 94.3 100.0 

Total 654 100.0 100.0  
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Figure 3.6: Naswar use by the patients 

 

 

3.1.1.5.3 Combined use of cigarettes and naswar: 

Combined use of cigarettes and naswar by cancer patients is given in 

Table 3.7 and Figure 3.7. About 1/3
rd

 of the patients (31.8 %) were having 

combined use of both cigarettes and naswar. 

Table 3.7: Combined use of cigarettes and naswar by the patients 

Combined use Frequency Percent Valid Percent 
Cumulative 

Percent 

Non User 446 68.2 68.2 68.2 

Use of Cig.+ Naswar 208 31.8 31.8 100.0 

Total 654 100.0 100.0  

 

 
Figure 3.7: Combined use of cigarettes and naswar by the patient 
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3.1.1.5.4 Other tobacco products: 

Use of tobacco products other than cigarettes and naswar (such as 

chillum, cigar etc.,) by cancer patients is given in Table 3.8 and Figure 3.8. 

A relatively small percentage (22.3 %) was having use of such tobacco 

products. 

Table 3.8: Use of other tobacco products by the patients 

Other 

tobacco use 
Frequency Percent Valid Percent 

Cumulative 

Percent 

Non-users 508 77.7 77.7 77.7 

Other 

tobacco use 
146 22.3 22.3 100.0 

Total 654 100.0 100.0  

 

 
Figure 3.8: Use of other tobacco products by the patient 

3.1.1.6 Age at first exposure: 

Age of cancer patients at 1
st
 exposure is given in Table 3.9 and Figure 

3.9. Majority of the patients (cumulative 86.2 %) started tobacco at the age 

of 10-15 years with a mean age of 17 years. 
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Table 3.9: Age of the patients at 1
st
 exposure 

Age Frequency Percent 
Valid 

Percent 

Cumulative 

Percent 

10-15 years 302 46.2 46.2 46.2 

16-20 years 262 40.1 40.1 86.2 

21-25 years 59 9.0 9.0 95.3 

25+ years 31 4.7 4.7 100.0 

Total 654 100.0 100.0  

 

 
Figure 3.9: Age of the patients at 1

st
 exposure 

 

3.1.1.7 Daily use: 

Daily use of tobacco by cancer patients is given in Table 3.10 and 

Figure 3.10. Subjects were divided into three categories on the basis of 

amount of tobacco used per day. Mild users were those taking less than 0.5 

packs to 1.5 packs of either naswar or cigarettes alone or in combination. 

Moderate users were those taking more than 1.5 packs to 3 packs of either 

naswar or cigarettes alone or in combination. Heavy users were those 

using more than 4 packs of either naswar or cigarettes alone or in 

combination. Majority (cumulative 79.5 %) of the patients were mild users 

of tobacco. 
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Table 3.10: Daily tobacco use by patients 

Daily use Frequency Percent 
Valid 

Percent 

Cumulative 

Percent 

0.5 Pack 294 45.0 45.0 45.0 

One Pack 226 34.6 34.6 79.5 

1.5 Packs 41 6.3 6.3 85.8 

Two packs or 

more 
93 14.2 14.2 100.0 

Total 654 100.0 100.0  

 

 
Figure 3.10: Daily tobacco use by the patients 

3.1.2 Socio-demographic characteristics of individual cancers:  

3.1.2.1 Subject characteristics of oral cancer patients:  

Demographic and other subject characteristics are shown in Table 

3.11. Mean age of healthy subjects (controls) and oral cancer patients was 

56.14±07.91 and 54.88±9.83 years, respectively (t test p value=0.931). 

Thirty four percent (34%) of patients were in the age range of 41-50 years; 

same percentage (34%) was in the age range of 51-60 years, while 25% of 

the patients were in the range of 60+ years of age. Highest incidence 

(20%) of oral cancer was observed in district Charsadda, followed by 

Tribal areas (18%), Southern districts (Bannu & DI Khan) (13%), Swabi 
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and Peshawar (12% each). To estimate the socioeconomic status and 

occupational exposure profession of the subjects was noted. Almost all the 

patients were having hard jobs like driving, farming and other laborious 

jobs. Highest incidence (57.5%) was observed in farmers of which 19% 

were those involved in tobacco farming or working labour in local tobacco 

industry. Several aspects of tobacco use habit were noted including type of 

tobacco product used, age at 1
st
 exposure and amount of tobacco used per 

day. Cases and control were having similar tobacco habits (t test p values = 

0.853, 0.45 and 0.931 for types of tobacco used (naswar, both cigarettes 

along with naswar, and other types), age at first exposure, and amount of 

tobacco used respectively. All the patients were naswar addicts, while 

30.5% were using cigarettes along with naswar. Twenty percent of the 

patients were using other tobacco products such as chillum (huqqa) and 

charas/cannabis filled cigarettes. 37% patients started tobacco at the age of 

10-15 years, while 57% started at the age of between 16-20 years, with 

mean age of 17 years. Majority (71%) of the patients were mild users 

followed by moderate users (16.5%). Only about 7% were heavy users. 
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Table 3. 11: Demographic characteristics of cases and control of oral cancer 

subjects 

S. 

No. 
Variables 

Control N (% 

within group) 

Cases N (% within 

group) 

p-

value 

1 
Geographic Area 

(district)   
0.304 

 Tribal 45 (29.8) 36 (18.0) 
 

 Charsadda 15 (9.9) 40 (20.0) 
 

 Bannu DI KHan 13 (8.6) 26 (13.0) 
 

 Nowshera 11 (7.3) 14 (7.0) 
 

 Peshawar 19 (12.6) 24 (12.0) 
 

 Swabi 9 (6.0) 24 (12.0) 
 

 Malakand division 10 (6.6) 14 (7.0) 
 

 Mardan 15 (9.9) 10 (5.0) 
 

 Kohat 1 (0.7) 12 (6.0) 
 

 Dir chitral etc. 13 (8.6) - 
 

2 Age (yrs) 
  

0.931 

 20-40 24 (15.9) 14 (7.0) 
 

 41-50 42 (27.8) 68 (34.0) 
 

 51-60 41 (27.2) 68 (34.0) 
 

 60+ 44 (29.1) 50 (25.0) 
 

3 Occupation 
  

0.786 

 Driver 9 (6.0) 14 (7.0) 
 

 Farmer 45 (29.8) 77 (38.5) 
 

 Labour 39 (25.8) 34 (17.0) 
 

 Odd jobs (laborious) 44 (29.1) 37 (18.5) 
 

 Farmer/labour 

(tobacco) 
14 (9.3) 38 (19.0) 

 

4 Tobacco type used 
  

0.853 

 Naswar 142 (94.0) 200 (100.0) 
 

 Cigarrete along with 

Naswar 
55 (36.4) 61 (30.5) 

 

 

Other types (see 

text) 
46 (30.5) 40 (20.0) 

 

5 
Age at 1st exposure 

(yrs)   
0.45 

 10-15 66 (43.7) 74 (37.0) 
 

 16-20 57 (37.7) 114 (57.0) 
 

 21-25 11 (7.3) - 
 

 25+ 17 (11.3) 12 (6.0) 
 

6 Daily use 
  

0.931 

 Mild 54 (35.8) 142 (71.0) 
 

 Moderate 62 (41.1) 33 (16.5) 
 

  Heavy 9 (6.0) 13 (6.5)   
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3.1.2.2 Subject characteristics of oesophageal cancer patients:  

Demographic and other subject characteristics of oesophageal cancer 

patients are shown in Table 3.12. Mean age of healthy subjects (controls) 

and cancer patients was 54.14±9.91 and 55.02±10.83 years, respectively (t 

test p value=0.304). Twenty nine percent (29.28%) of the patients were in 

the age range of 41-50 years; same percentage (29.28%) was in the age 

range of 51-60 years, while 28% of the patients were in the range of 60+ 

years of age. All the patients were male and no female patient during study 

period was observed. Highest incidence (27.14%) of EC was observed in 

tribal areas, followed by Northern areas (15.71%), Charsadda and 

Peshawar (12.85% each).To estimate the socioeconomic status occupation 

of the subjects was observed. Highest incidence (cumulative 49.27%) was 

observed in patients with laborious odd jobs followed by farmers 

(37.85%). Several aspects of tobacco use habit were noted including type 

of tobacco product used, age at 1
st
 exposure and amount of tobacco used 

per day. Cases and control were having similar tobacco habits (t test p 

values = 0.786, 0.591and 0.853 for types of tobacco used (cigarettes, 

naswar, both types), age at first exposure, and amount of tobacco used 

respectively. Majority (48.57%) of the patients were naswar addicts 

followed by combined use of naswar and cigarettes (38.57%). Only 

12.14% were addicted to cigarettes alone. Forty one percent patients 

started tobacco at the age of 10-15 years, while 40% started at the age of 

between 16-20 years, with mean age of 17 years. Majority (46.42%) of the 

patients were mild users followed by moderate users (42.14%). Only about 

11% were heavy users. 
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Table 3.12: Demographic characteristics of cases and control of 

oesophageal cancer subjects 
 

S. 

No. 
Variables 

Control N (% within 

address group) 

*Esophageal  Cancer N (% 

within address group) 
P-value 

1 Geographic Area (district) 

0.243 

 Charsadda 47 (23.97%) 18 (12.85%) 

 Haripur 10 (5.10%) 1 (0.7%) 

 Kohat 24 (12.24%) 5 (3.57%) 

 Mardan 10 (5.102%) 11 (7.85%) 

 
Northern 

areas 
34 (17.34%) 22 (15.71%) 

 Nowshera 10 (5.10%) 6 (4.28%) 

 Peshawar 20 (10.20%) 18 (12.85%) 

 
Southern 

areas 
10 (5.10%) 10 (7.14%) 

 Swabi 5 (2.55%) 8 (5.71%) 

 Tribal areas 26 (13.26%) 38 (27.14%) 

2 Age (yrs) 

0.304 

 20-40 13 (6.63%) 18 (12.85%) 

 41-50 64 (32.65%) 41 (29.28%) 

 51-60 61 (31.12%) 41 (29.28%) 

 60+ 58 (29.59%) 39 (27.85%) 

3 Occupation 

0.931 

 Civil jobs 5 (2.55%) 8 (5.71%) 

 Farmer 84 (42.85%) 53 (37.85%) 

 Forces 0 0.0% 7 (5%) 

 Labour 77 (39.28%) 39 (27.85%) 

 Odd jobs 25 (12.75%) 30 (21.42%) 

4 Tobacco type used  

 Cigarrete 14 (7.14) 17 (12.14%) 0.786 

 Naswar 74 (37.75%) 68 (48.57%) 0.591 

 Both 108 (55.10%) 54 (38.57%) 0.853 

5 Age at 1st exposure (yrs) 

0.931 

 10-15 66 (33.67%) 58 (41.42%) 

 16-20 104 (53.061%) 56 (40%) 

 21-25 26 (13.26%) 14 (10%) 

 26+ 0 (0.0%) 11 (7.85%) 

6 Daily use 

0.853 
 Mild 83 (42.34%) 65 (46.42%) 

 Moderate 103 (52.55%) 59 (42.14%) 

 Heavy 10 (5.10%) 15 (10.71%) 

* %ages were calculated on the basis of 139 patients as one patient information were 

missing 

 

3.1.2.3 Subject characteristics of pharyngeal cancer patients: 
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Demographic and other subject characteristics of pharyngeal cancer 

patients are shown in Table 3.13. Mean age of healthy subjects (controls) 

and cancer patients were 54.14±10.91 and 56.02±10.83 years, respectively. 

Almost equal distribution was found in the 5
th

, 6
th

 and 7
th

 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 pharyngeal 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
st
 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 huqqa 

(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. 
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Table 3.13: Demographic characteristics of Pharyngeal cancer subjects 

S. 

No. 
Variables 

Control N (% within 

group) 

Pharyngeal  Cancer N (% 

within group) 

P-

value 

1 Geographic Area (district) 

0.948 

 Charsadda 15 (9.93 %) 0 (0 %) 

 Bannu DI Khan 12 (7.94 %) 18 (13. 84%) 

 Kohat 1 (0.6 %) 0 (0 %) 

 Mardan 15 (9.93%) 18 (13.84 %) 

 Swat malakand 23 (15.23 %) 19 (14.61 %) 

 Nowshera 11 (7.28 %) 0 (0 %) 

 Peshawar 19 (12.58%) 19 (14.61 %) 

 Dir chitral etc. 8 (5.29 %) 0 (0 %) 

 Swabi 9 (5.96 %) 19 (14.61 %) 

 Tribal 38 (25.16 %) 37 (28.46 %) 

2 Age (yrs) 

0.955 

 20-40  24 (15.89 %) 18 (13.84 %) 

 41-50  42 (27.81 %) 37 (28.46 %) 

 51-60  41 (27.15 %) 38 (29.23 %) 

 60+  44 (29.13 %) 37 (28.46 %) 

3 Occupation 

0.000 

 Coal labour 5 (3.31 %) 19 (14.61 %) 

 Driver 9 (5.96 %) 0 (0 %) 

 Farmer 44 (29.13 %) 0 (0 %) 

 Labour 36 (23.84 %) 37 (28.46 %) 

 Press 1 (0.66 %) 0 (0 %) 

 
Odd jobs 

(laborious) 
35 (23.17 %) 28 (21.53 %) 

 
Farmer/labour 

(tobacco) 
19 (12.58 %) 28 (21.53 %) 

 Teacher 2 (1.32 %) 18 (13.84 %) 

4 Tobacco type used  

 Smoker 68 (45.03 %) 74 (56.92 %) 0.56 

 Naswar user 132 (87.41 %) 130 (100 %) 0.591 

 Other tobacco users 53 (35.09 %) 74 (56.92 %) 0.853 

5 Age at 1st exposure (yrs) 

0.38 

 10-15 66 (43.70 %) 37 (28.46 %) 

 16-20 57 (37.74 %) 56 (43.07 %) 

 21-25 11 (7.28 %) 18 (13.84 %) 

 25+ 17 (11.25 %) 19 (14.61 %) 

6 Daily use 

0.853 
 Mild 109 (72.18 %) 93 (71.53 %)  

 Moderate 12 (7.94 %) 0 (0 %) 

 Heavy 30 (19.86 %) 37 (28.46 %) 
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3.1.2.4 Subject characteristics of Lymphoma patients: 

Demographic and other subject characteristics of pharyngeal cancer 

patients are shown in Table 3.14. Mean age of healthy subjects (controls) 

and cancer patients were 56.02±10.83 and 49.14±15.91 years, respectively. 

Almost equal distribution was found in the 4
th

, 5
th

 and 6
th

 decades of life 

with twenty six percent of the patients in the age range of 20-40 years; 

similar percentage in the age ranges of 41-50 and 60+ years each. All the 

patients were male and no female patient during study period was 

observed. Highest equal incidence (17.48 %) of lymphoma was observed 

in Dir & Chitral, Mardan, Peshawar districts and tribal belt. Lowest 

incidence (4%) was observed in Bannu DI Khan, Nowshera and Swabi 

districts; while no patient (0 %) was observed from district Kohat. Highest 

incidence (cumulative 56.82 %) was observed in patients having laborious 

jobs followed by patients having farming as profession (30.60 %). Ninety 

six percent of the patients were naswar addicts while 39.34 % were 

smokers. Majority   (48.08 %) started tobacco at the age of 10-15 years, 

with mean age of 14 years. Similarly, majority (91.25%) were mild users 

with interestingly no patient (0%) having moderate use. 

3.2 DNA extraction and quantification: 

DNA extracted from samples was quantified as per mentioned 

protocols in section 2.3. A sample of DNA of both cases and control is 

shown in Figure 3.11.  
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Table 3.14: Demographic characteristics of lymphoma subjects  

S. 

No. 
Variables 

Control N (% within 

group) 

Lymphoma N (% within 

group) 

P-

value 

1 Geographic Area (district) 

0.948 

 Tribal 45 (29.80 %) 32 (17.48 %) 

 Charsadda 15 (9.93 %) 16 (8.74 %) 

 Bannu DI Khan 12 (7.94 %) 8 (4.37 %) 

 Nowshera 11 (7.28 %) 8 (4.37%) 

 Peshawar 19 (12.58 %) 32 (17.48%) 

 Swabi 9 (5.96%) 7 (3.82%) 

 Swat malakand 16 (10.59 %) 16 (8.74%) 

 Mardan 15 (9.93 %) 32 (17.48%) 

 Kohat 1 (0.66 %) 0 (0 %) 

 Dir chitral etc. 8 (5.29 %) 32 (17.48%) 

2 Age (yrs) 

0.955 

 20-40  24 (15.89 %) 48 (26.22 %) 

 41-50  42 (27.81 %) 48 (26.22 %) 

 51-60  41 (27.15 %) 40 (21.85 %) 

 60+  44 (29.13 %) 47 (25.68 %) 

3 Occupation 

0.000 

 Coal labour 2 (1.32 %) 0 (0 %) 

 Driver 9 (5.96 %) 16 (8.74 %) 

 Farmer 45 (29.80 %) 56 (30.60 %) 

 Labour 58 (38.41 %) 64 (34.97 %) 

 Odd jobs (laborious) 25 (16.55 %) 40 (21.85 %) 

 
Farmer/labour 

(tobacco) 
12 (7.94 %) 7 (3.82 %) 

4 Tobacco type used  

 Smoker 68 (45.03 %) 72 (39.34 %) 0.56 

 Naswar user 132 (87.41 %) 175 (95.62 %) 0.591 

 Other tobacco users 46 (30.46 %) 39 (21.31%) 0.853 

5 Age at 1st exposure (yrs.) 

0.38 

 10-15 66 (43.70 %) 88 (48.08 %) 

 16-20 57 (37.74 %) 63 (34.42 %) 

 21-25 11 (7.28 %) 32 (17.48 %) 

 25+ 17 (11.25 %) 0 (0 %) 

6 Daily use 

0.853 
 Mild 109 (72.18 %) 167 (91.25%)  

 Moderate 9 (5.96 %) 0 (0 %) 

 Heavy 33 (21.85 %) 16 (8.74%) 
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Figure 3.11: Electropherogram of DNA. Ca1 - Ca9 represent cancer samples 

while C1 – C8 are control samples. H is DNA ladder (100bp). 

 

3.3 Real time PCR analysis:  

CYP1A1 gene variants of control and all cancer cases were analysed 

through real time polymerase chain reaction using specific primers and 

probes. Details of the analysis are provided in section 2.4.2. 

Representative peaks and curves of wild type (TT), heterozygous (TC) 

and homozygous (CC) alleles are given in Figures 3.12, 3.13, 3.14, 3.15 & 

3.16, respectively. 

 

 

Figure 3.12: Representative melting peaks of RT-PCR of CYP1A1 rs4646903 

polymorphism: Pink peaks represent CYP1A1 wild type (T/T), while blue peaks 

show variant alleles (T/C and C/C) 
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Figure 3.13: Melting peaks of RT-PCR: Pink, brown and blue peaks represent 

T/T, C/C and heterozygous (T/C) alleles of CYP1A1 rs4646903. 

 

 

Figure 3.14: Representative melting curves of T allele of CYP1A1 rs4646903 
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Figure 3.15: Representative melting curves of Heterozygous (T/C) allele of 

CYP1A1 rs4646903 

 

 

 

Figure 3.16: Representative melting curves of C allele of CYP1A1 rs4646903 

 

3.4 Conventional PCR analysis: 

GSTT1 and GSTM1 genes were amplified using conventional polymerase 

chain reaction technique. Specific primers were designed for exon 5 of GSTT1 and 

exon 4 of GSTM1 gene and then amplification was done under optimized 
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conditions that ensured specific primer binding. Amplified products were then 

visualized on 2 % agarose electrophoresis. Details of the method are provided in 

section 2.4.1. Representative Electropherograms of both GSTT1 and GSTM1 

genes are provided in Figures 3.17 & 3.18, respectively. 

 

 

Figure 3.17: Representative image of PCR analysis of GSTT1 Polymorphism. (L 

is molecular weight marker (100bp) while N is negative control. Ca1 to Ca 31 are 

oral cancer samples. Duplicate sample Ca7 was used as positive control (shown in 

square). GSTT1 wild type was shown at 632 bp as indicated by vertical arrow, 

whereas GSTT1 Null has been shown in circles.) 
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Figure 3.18: Representative image of PCR analysis of GSTM1 polymorphism. (L 

is molecular weight marker (1kb). N is negative control. Ca1 to Ca32 are oral 

cancer samples. Duplicate samples Ca4 was used as positive control (shown in 

square). GSTN1 wild type was shown at 298bp as indicated by vertical arrow, 

whereas GSTM1 Null has been shown in circles. 

 

 

3.5 Genetic susceptibility 

3.5.1 Oral cancer: 

3.5.1.1 Genetic susceptibility to oral cancer due to CYP1A1 gene: 

The allele frequencies and genotype of CYP1A1 rs4646903 

polymorphism among controls and cases are given in Table 3.15. In control 

group they were not departure from Hardy-Weinberg equilibrium. The 

distributions of genotypes of CYP1A1 rs4646903 were significantly different 

between the cases and controls groups (Pearson chi Square χ2 0.05, 2=0.015, 

P>0.05). The prevalence of CC and TC genotypes was more in cases (8.33 % 

and 33.33 % respectively) when compared to controls (3.57 % and 25 %). 

Homozygous variant type (C/C) had an almost 3-fold increased risk for oral 

cancer, compared with wild genotype (T/T) (OR: 2.857 (1.125-7.257), p-
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value=.027); while heterozygous variant (T/C) had a 1.5 times increased risk 

for oral cancer, compared with wild genotype (T/T)(OR: 1.633 (1.036-2.572), 

p-value = .034) at 95% CI. The risk interestingly showed a decrease when the 

data were adjusted for age, gender, place of residence, tobacco type used, 

amount of tobacco used per day and age at first exposure (Adjusted OR=2.542 

(.939-6.880), p-value= .066 and 1.550 (.961-2.500), p-value= .072. 

respectively). Overall the C allele had a 2.4 times more susceptibility to oral 

cancer as compared to T allele (OR=2.455 (1.280-4.708), p-value= .007) with 

almost no effect of confounding factors (Adjusted OR=2.455 2.180 (1.089-

4.366, p-value= 0.028). Carriage rate Allele carriage rate showed that the 

absence of T allele is associated with the susceptibility to oral cancer 

(OR=2.455 (.977-6.166), p-value= .056). 

Table 3.15: Genotypic, allelic and carriage rate frequencies of CYP1A1 m1 (T>C) gene 

polymorphism in controls and oral cancer cases. 

Genotype/allele Case N 

(%) 

Control N 

(%) 

Unadjusted OR 

(95% CI) 

P Adjust OR 

(95% CI) 

p 

T/T 116 

(58.33) 

109 (71.42) Ref.    

C/C 17 (8.33) 5 (3.57) 2.857  (1.125-

7.257) 
.027 

2.542 (.939-

6.880) 

.066 

T/C 67 

(33.33) 

37 (25) 1.633 (1.036-

2.572) 
.034 

1.550 (.961-

2.500) 

.072 

*T allele 300 (75) 253(83.92) Ref.    

*C allele 100 (25) 49 (16.07) 2.455 (1.280-

4.708) 

.007 2.180 

(1.089-

4.366) 

.028 

Allele carriage 

rate 

      

T (+) 183 

(91.67) 

146 (96.42) 
Ref.    

T (-) 17 (8.33) 5 (3.57) 2.455 (.977-

6.166) 

.056 2.180 (.816-

5.822) 

.120 

C (+) 83 

(41.67) 

43 (28.57) 
Ref.    

C (-) 117 

(58.33) 

108 (71.42) .560 (.365-.860) .008 .669 (.523-

.856) 

.001 

*Alleles, total number of chromosomes in control = 302 and cases = 400; Ref. = Reference 

or 1.0 
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3.5.1.2 Genetic susceptibility to oral cancer due to GSTT1 and 

GSTM1 gene: 

The allele frequencies and genotype of GSTs of both control and oral 

cancer cases are given in Table 3.16. The distribution of GSTM1 and GSTT1 

genotypes were significantly different between the cases and controls groups 

(Pearson chi Square χ2 0.05, 2=0.000, P>0.05). When analyzed for individual 

genes the prevalence of null genotypes of GSTM1 and GSTT1 was more in 

cases (79.5% and 47.5% respectively) when compared to controls (57% and 

23.2% respectively). Null genotypes of both GST genes were having almost 3-

fold increased risk of oral cancer compared with wild type, which slightly 

increased when OR were adjusted for confounding factors such as tobacco use 

habits, age and area of residence etc. (Table 2). Similarly when analysed for 

two GST gene combinations the association further increased to (3.422 (1.890-

6.194), p-value = 0.000) and (8.986 (4.424-18.253), p-value 0.000) for 

GSTM/GSTT either one expressed or GSTM/GSTT both null genotypes, 

respectively. This association further strengthened when adjusted for 

confounding factors; with 2-fold increase for GSTM/GSTT both null 

genotype.  

3.5.1.3 Combined effect of all three genes on oral cancer: 

When all three genes were analysed in combination the association 

further strengthened, with individuals possessing all three gene variant alleles 

showing a 16-fold increased risk of oral cancer as compared to control in the 

presence of other confounding risk factors. 
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Table 3.16: Crude and adjusted Odds Ratios (OR) of GSTs and CYP1A1 and Oral 

Cancer 

Genotype

/allele 

Genetic 

polymorphism 

Cases 

N (%) 

Control 

N (%) 

Crude 

OR 

(95% 

CI) 

p 

Adjusted 

OR (95% 

CI) 

p 

GSTM1 Wild type  
41 

(20.5) 
65 (43.0) *Ref. 

   

 
Null  

159 

(79.5) 
86 (57.0) 

2.931 

(1.831-

4.693) 

0 
3.019 (1.861-

4.898) 
0.000 

GSTT1 Wild type  
105 

(52.5) 

116 

(76.8) 
Ref. 

   

 
Null  

95 

(47.5) 
35 (23.2) 

2.999 

(1.876-

4.793) 

0 
3.011 (1.865-

4.862) 
0.000 

CYP1A1 Wild type  
124 

(62.0) 
96 (63.6) Ref. 

   

 
Polymorphism  

76 

(38.0) 
55 (36.4) 

1.070 

(0.691-

1.657) 

0.

7

6

2 

1.121 (0.717-

1.752) 
0.617 

Combina

tions 2 

genes 

GSTM/GSTT 

both wild type  

20 

(10.0) 
51 (33.8) Ref. 

   

 

GSTM/GSTT 

either1 

expressed 

124 

(62.0) 
79 (52.3) 

3.422 

(1.890-

6.194 

0 
3.627 (1.981-

6.642) 
0.000 

 

GSTM/GSTT 

both null  

76 

(38.0) 
21 (13.9) 

8.986 

(4.424-

18.253) 

0 
9.261 (4.495-

19.079) 
0.000 

Combina

tion 3 

genes 

GTSM/GSTT/ 

CYP1A1 wild 

type  

9 (4.5) 27 (17.9) Ref. 
   

 

GSTM/GSTT 

null and 

CYP1A1 wild 

type  

69 

(34.5) 

53 

(35.09) 

4.145 

(1.871-

9.183) 

0 
4.576 (2.038-

10.273) 
0.000 

 

GSTM/GSTT 

either null and 

CYP1A1  

103 

(51.5) 
64 (42.4) 

5.182 

(2.382-

11.273) 

0 
5.593 (2.530-

12.362) 
0.000 

 

All 3 gene 

polymorphisms 
19 (9.5) 7 (4.6) 

8.143 

(2.647-

25.054) 

0 
16.10 (3.854-

67.260) 
0.000 

*Ref. = Reference or 1.0 
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3.5.2 Pharyngeal cancer: 

3.5.2.1 Genetic susceptibility to pharyngeal cancer due to CYP1A1 

gene: 

The allele frequencies and genotype of CYP1A1 rs4646903 

polymorphism among controls and cases are given in Table 3.17. In control 

group they were not departure from Hardy-Weinberg equilibrium. The 

distributions of genotypes of CYP1A1 rs4646903 were significantly different 

between the cases and controls groups (Pearson chi Square χ2 0.05, 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 significantely 

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 pharyngeal cancer (Adjusted OR=3.224 (1.291-

8.052), p-value= .012).   
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Table 3.17: Genotypic, allelic and carriage rate frequencies of CYP1A1 m1 (T>C) 

gene polymorphism in controls  and Pharyngeal cancer cases. 

Genotype/allele Case N 

(%) 

Control N 

(%) 

Unadjusted 

OR (95% CI) 

p Adjusted 

OR (95% 

CI) 

p 

T/T 73 (56) 107(71.42) *Ref.    

C/C 14 

(10.66) 

7 (3.57) 
3.810 (1.505-

9.640) 
.005 

3.260 

(1.252-

8.486) 

.016 

T/C  43 

(33.33) 

37 (25) 1.701 (1.055-

2.743) 
.029 

1.556 

(.944-2.562 
.083 

*T allele 189 

(72.66) 

253 (83.92) Ref.    

*C allele 71 

(27.33) 

49 (16.07) 3.224 (1.688-

6.159) 

.000 2.834 

(1.454-

5.523) 

.002 

Allele carriage 

rate 

      

T (+) 116 

(89.34) 

146 (96.42) 
Ref.    

T (-) 14 

(10.66) 

5 (3.57) 3.224 (1.291-

8.052) 

.012 2.834 

(1.103-

7.282) 

.031 

C (+) 57 (44) 43 (28.57) Ref.    

C (-) 73 (56) 108 (71.42) .509 (.326-

.796) 

.003 .934 (.731-

1.194) 

.587 

*Alleles, total number of chromosomes in control = 302 and cases = 260; Ref. = 

Reference or 1.0. 

 

3.5.2.2 Genetic susceptibility to pharyngeal cancer due to GSTT1 and 

GSTM1 gene: 

The allele frequencies and genotype of GSTs of both control and 

pharyngeal cancer cases are given in Table 3.18. The distribution of GSTM1 

and GSTT1 genotypes were significantly different between the cases and 

controls groups (Pearson chi Square χ2 0.05, 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 
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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 analysed 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 

adjustement for confounding factors. 

Table 3.18: Crude and adjusted Odds Ratios (OR) of GSTs for Pharyngeal cancer 

Genotype/allele 
Genetic 

polymorphism 

Cases 

N (%) 

Control 

N (%) 

Crude 

OR 

(95% 

CI) 

p 

Adjusted 

OR 

(95% 

CI) 

p 

GSTM1 Wild type  
25 

(19.23) 

65 

(43.04) 
*Ref. 

   

 
Null  

105 

(80.76) 

86 

(56.95) 

3.174 

(1.846-

5.459) 

.000 

3.952 

(2.113-

7.392) 

.000 

GSTT1 Wild type  
81 

(62.3) 

116 

(76.82) 
Ref. 

   

 
Null  

49 

(37.69) 

35 

(23.17) 

2.005 

(1.194-

3.367) 

.009 

. 2.012 

(1.126-

3.595) 

.018 

Combinations 2 

genes 

GSTM/GSTT 

both wild type  

19 

(14.61) 

51 

(33.77) 
Ref. 

   

 

GSTM1 

Null/GSTT1 

62 

(47.69) 

65 

(43.04) 

2.560 

(1.362-

4.814) 

.004 

3.001 

(1.441-

6.252) 

.003 

 

GSTM1 

/GSTT1Null 

6 

(4.61) 

14 

(9.27) 

1.457 

(.637-

3.336) 

.373 

1.043 

(.301-

3.614) 

.948 

 
GSTM/GSTT 

both null  

43 

(33.07) 

21 

(13.9) 

5.496 

(2.618-

11.537) 

.000 

6.452 

(2.772-

15.020) 

.000 

 
       

*Ref. = Reference or 1.0 
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3.5.2.3 Combined effect of all three genes on pharyngeal cancer: 

Combined effect of GST and CYP1A1 gene variants on susceptibility to 

pharyngeal cancer was analysed as given in Table 3.19. Presence of all three 

gene variants showed very strong and significant association with pharyngeal 

cancer as compared to control. Presence of both null and GSTM1 null along 

with wild type CYP1A1 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 CYP1A1 variant showed weak and non significant association.  

Table 3.19: Crude and adjusted Odds Ratios (OR) of GSTs and CYP1A1 gene 

combination for Pharyngeal Cancer 

Genetic 

polymorphism 

Control 

N (%) 

Cases 

N (%) 

Crude OR 

(95% CI) 
p 

Adjusted OR 

(95% CI) 
p 

GSTMGSTT 

and CYP1A1 

wild type 

40 13 *Ref.    

All 3 gene 

polymorphisms 
7 24 

10.549 

(3.695-

30.116) 

.000 
10.062(3.253-

31.122 
.000 

GSTM1 Null 

and CYP1A1 
33 23 

2.145 

(.943-

4.877) 

.069 
1.941(.761-

4.954 
.165 

GSTT null and 

CYP1A1 
4 4 

3.077 

(.673-

14.077) 

.147 
1.875(.342-

10.277 
.469 

Both GSTs and 

CYP1A1 
11 6 

1.678 

(.518-

5.436) 

.388 
1.354(.370-

4.954 
.647 

GST both null 

and CYP1A1 

wild type 

14 19 

4.176 

(1.645-

10.602) 

.003 
4.882(1.669-

14.274 
.004 

GSTM null and 

CYP1A1 wild 

type 

32 39 

3.750 

(1.717-

8.189) 

.001 
4.711(1.928-

11.511 
.001 

GSTT null and 

CYP1A1 wild 

type 

10 2 
.615 (.119-

3.179) 
.562 

.581(.098-

3.434 
.550 

*Ref. = Reference or 1.0 
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3.5.3 Esophageal cancer: 

3.5.3.1 Genetic susceptibility to esophageal cancer due to CYP1A1 

gene: 

The allele frequencies and genotype of CYP1A1 rs4646903 polymorphism 

among controls and cases are given in Table 3.20.  In case of controls they 

were not departure from Hardy-Weinberg equilibrium. The distributions of 

genotypes of CYP1A1 rs4646903 were significantly different between the 

cases and controls groups (Pearson chi Square χ2 0.05, 2=0.000, P>0.05) (Table 

2). The prevalence of CC and TC genotypes was more in cases (20% and 40% 

respectively) when compared to controls (3.57% and 25%). Homozygous 

variant type (C/C) had a 10-fold increased risk for EC, compared with wild 

genotype (T/T) (OR: 10 (4.130-24.213)); while heterozygous variant (T/C) 

had almost 3-fold increased risk for EC, compared with wild genotype 

(T/T)(OR: 2.85 (1.745-4.678)) at 95% CI. The risk showed a further increase 

(5-fold in case of C/C allele) when the data were adjusted for age, gender, 

place of residence, tobacco type used, amount of tobacco used per day and age 

at first exposure (OR=15.709 (6.065-40.686) and 3.256 (1.902-5.574 

respectively). 
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Table 3.20: Genotypic, allelic and carriage rate frequencies of CYP1A1 m1 (T>C, 

rs4646903) gene polymorphism in controls and Esophageal cancer cases 

Genotype/allele Case 

N (%) 

Control 

N (%) 

Unadjusted 

OR (95% CI) 

p Adjusted 

OR (95% 

CI) 

p 

T/T 56 

(40) 

108 

(71.42) 

**Ref.  Ref.  

C/C 28 

(20) 

5 (3.57) 10 (4.130-

24.213) 

.000 15.709 

(6.065-

40.686) 

.000 

T/C 56 

(40) 

38 (25) 2.85 (1.745-

4.678) 

.000 3.256 

(1.902-

5.574) 

.000 

*T allele 168 

(60) 

253 

(83.92) 

Ref.    

*C allele 112 

(40) 

49 

(16.07) 

6.811 (3.706-

12.518) 

.000 9.967 

(5.229-

18.997) 

.000 

Allele carriage 

rate 

      

T (+) 112 

(80) 

146 

(96.42) 

Ref.    

T (-) 28 

(20) 

5 (3.57) 6.811 (2.880-

16.107) 

.000 9.967 

(4.003-

24.815) 

.000 

C (+) 84 

(60) 

43 

(28.57) 

Ref.    

C (-) 56 

(40) 

108 

(71.42) 

.267 (.169-

.422) 

.000   

*Alleles, total number of chromosomes in control = 302 and cases = 280; **Ref. = 

Reference or 1.0 

 

3.5.3.2 Genetic susceptibility to esophageal cancer due to GSTT1 and 

GSTM1 gene: 

The allele frequencies and genotype of GSTs of both control and 

esophageal cancer cases are given in Table 3.21. The distribution of GSTM1 

and GSTT1 genotypes were significantly different between the cases and 

controls groups (Pearson chi Square χ2 0.05, 2=0.000, P>0.05). When analyzed 

for individual genes the prevalence of null genotypes of GSTM1 and GSTT1 

was less in cases (31.12% and 61.58 % respectively) when compared to controls 
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(46.42% and 82.85% respectively). Null genotypes of both genes were having 

non-significant association with esophageal cancer, with little effects of 

confounding factors. Association of two gene combination was also weak and 

non significant.  

Table 3.21: Crude and adjusted Odds Ratios (OR) of GSTs for oesophageal cancer 

Genotype/allele 
Genetic 

polymorphism 

Control 

N (%) 

Cases 

N (%) 

Crude 

OR 

(95% 

CI) 

p 

Adjusted 

OR 

(95% 

CI) 

p 

GSTM1 Wild type  
86 

(61.42) 

93 

(61.58) 
*Ref. 

   

 
Null  

65 

(46.42) 

47 

(31.12) 

. 1.496 

(.929-

2.408) 

.098 

. 1.060 

(.525-

2.139) 

871 

GSTT1 Wild type  35 (25) 
47 

(31.12) 
Ref. 

   

 
Null  

116 

(82.85) 

93 

(61.58) 

1.675 

(1.000-

2.805) 

.050 

1.652 

(.727-

3.755) 

.231 

Combinations 2 

genes        

 

GSTM/GSTT 

both wild type  
21(15) 

47 

(31.12) 
Ref. 

   

 

GSTM1 

Null/GSTT1 
65(46.42) 

46 

(30.46) 

.768 

(.444-

1.328) 

.344 

.616 

(.277-

1.369) 

.234 

 
GSTM1 

/GSTT1Null 
11(7.85) 

10 

(7.14) 
.000 (-) .998 .000 (-) .998 

 

GSTM/GSTT 

both null  
51(36.42) 

47 

(31.12) 

2.429 

(1.269-

4.649) 

.007 

1.763 

(.656-

4.740) 

.261 

*Ref. = Reference or 1.0 

3.5.3.3 Combined effect of all three genes on esophageal cancer: 

Combined effect of GST and CYP1A1 gene variants on susceptibility to 

esophageal cancer was analysed as given in Table 3.22.Presence of all three 

gene variants showed strong and significant association with esophageal 
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cancer as compared to control. Presence of both GSTs along with variant type 

CYP1A1 gene also showed significant association with esophageal cancer, 

which further enhanced in the presence of confounding factors.  Where as all 

other combinations showed weak and non-significant association. 

Table 3.22: Crude and adjusted Odds Ratios (OR) of GSTs and CYP1A1 gene 

combination for oesophageal Cancer 

Genetic 

polymorphism 

Control 

N (%) 

Cases 

N (%) 

Crude OR 

(95% CI) 
p 

Adjusted 

OR (95% 

CI) 

p 

GSTMGSTT and 

CYP1A1 wild 

type 

34 22 *Ref.    

All 3 gene 

polymorphisms 
7 28 

6.182  

(2.305-

16.582) 

.000 

4.687 

(1.357-

16.186) 

.015 

GSTM1 Null and 

CYP1A1 
29 31 

1.652 

(.790-

3.454) 

.182 

1.915 

(.714-

5.131) 

.197 

GSTT null and 

CYP1A1 
2 0 .000 (000) .999 

.000 

(.000) 
.999 

Both GSTs and 

CYP1A1 
17 25 

2.273  

(1.004-

5.144) 

.049 

3.212 

(1.131-

9.121) 

.028 

GST both null and 

CYP1A1 wild 

type 

14 19 

2.097 

(.875-

5.027) 

.097 

2.381 

(.677-

8.371) 

.176 

GSTM null and 

CYP1A1 wild 

type 

36 15 
.644 (.287-

1.442) 
.285 

.576 

(.196-

1.696) 

.317 

GSTT null and 

CYP1A1 wild 

type 

12 0 .000(.000) .999 
.000 

(.000) 
.998 

*Ref. = Reference or 1.0 

3.5.4 Lymphoma: 

3.5.4.1 Genetic susceptibility to NHL due to CYP1A1 gene: 

The allele frequencies and genotype of CYP1A1 rs4646903 polymorphism 

among controls and cases are given Table 3.23. In control group they were not 

departure from Hardy-Weinberg equilibrium. The distributions of genotypes 
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of CYP1A1 rs4646903 were significantly different between the cases and 

controls groups (Pearson chi Square χ2 0.05, 2=0.000, P>0.05). The prevalence 

of CC genotype was almost equal, while that of TC genotypes was more in 

cases (3 % and 47.5 % respectively) when compared to controls (3.57 % and 

25 %). Interestingly, homozygous variant type (C/C) had an almost no 

association with NHL compared with wild genotype (T/T), both in the absence 

and presence of other confounding factors (OR: 1.212 (.395-3.716), p-

value=.736); while heterozygous variant (T/C) had a significant association 

with NHL, compared with wild genotype (T/T)(OR: 2.742 (1.783-4.216), p-

value = .000) at 95% CI; which further increased when the data were adjusted 

for age, gender, place of residence, tobacco type used, amount of tobacco used 

per day and age at first exposure (Adjusted OR=2.885 (1.796-4.634), p-value= 

.000). Overall the C allele confer no susceptibility to NHL as compared to T 

allele (OR=.835 (.381-1.829), p-value=.652). Allele carriage rate showed no 

association with the susceptibility to NHL. 
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Table 3.23: Genotypic, allelic and carriage rate frequencies of CYP1A1 m1 (T>C) 

gene polymorphism in controls and NHL cancer cases 

Genotype/allele Case N 

(%) 

Control 

N (%) 

Unadjusted 

OR (95% CI) 

p Adjusted 

OR (95% 

CI) 

p 

T/T 91 

(49.5) 

108 

(71.42) 

*Ref.  Ref.  

C/C 6 (3) 5 (3.57) 1.212  (.395-

3.716) 

.736 1.1469 

(.344-3.816) 

.825 

T/C 86 

(47.5) 

38 (25) 2.742 (1.783-

4.216) 

.000 2.885 

(1.796-

4.634) 

.000 

*T allele 268 

(73.25) 

253 

(83.92) 

Ref.    

*C allele 98 

(26.75) 

49 

(16.07) 

.835 (.381-

1.829) 

.652 .663 (.286-

1.534) 

.337 

Allele carriage 

rate 

      

T (+) 178 

(97) 

146 

(96.42) 
Ref.    

T (-) 5 (3) 5 (3.57) .835 (.276-

2.530) 

.750 .663 (.202-

2.172) 

.497 

C (+) 92 

(50.5) 

43 

(28.57) 
Ref.    

C (-) 91 

(49.5) 

108 

(71.42) 

.392 (.259-

.594) 

.000 .815 (.647-

1.028) 

.084 

*Alleles, total number of chromosomes in control = 302 and cases = 366; *Ref. = 

Reference or 1.0 

 

3.5.4.2 Genetic susceptibility to NHL due to GSTT1 and GSTM1 

gene: 

The allele frequencies and genotype of GSTs of both control and NHL 

cancer cases are given in Table 3.24. The distribution of GSTM1 and GSTT1 

genotypes were significantly different between the cases and controls groups 

(Pearson chi Square χ2 0.05, 2=0.000, P>0.05). When analyzed for individual 

genes the prevalence of null genotypes of GSTM1 was more in cases (69.39%) 

when compared to controls (56.95%), whereas null genotype of GSTT1 was 

less prevalent in cases as compared to controls. Null genotypes of GSTM1 

gene were having weak association with the  increased risk of NHL cancer 
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compared with wild type, which became non significant 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 non-

significant association, with little/no effect of confounding factors. Similarly 

when analysed 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. 

Interestingly, GSTM/GSTT both null genotype was having non significant 

association. 

Table 3.24: Crude and adjusted Odds Ratios (OR) of GSTs for NHL 

Genotype/allele 
Genetic 

polymorphism 

Cases N 

(%) 

Control 

N (%) 

Crude 

OR 

(95% 

CI) 

P 

Adjusted 

OR (95% 

CI) 

p 

GSTM1 Wild type  
56 

(30.60) 

65 

(43.04) 
*Ref. 

   

 
Null  

127 

(69.39) 

86 

(56.95) 

1.714 

(1.093-

2.689) 
.019 

1.664 

(.976-

2.838) 
.061 

GSTT1 Wild type  
143 

(78.14) 

116 

(76.82) 
Ref. 

   

 
Null  

40 

(21.85) 

35 

(23.17) 

.927 

(.554-

1.552) 

.773 

. 1.569 

(.852-

2.890) 
.149 

Combinations 2 

genes        

 

GSTM/GSTT 

both wild type  

40 

(21.85) 

51 

(33.77) 
Ref. 

   

 

GSTM1 

Null/GSTT1 

103 

(56.28) 

65 

(43.04) 

2.020 

(1.204-

3.390) 

.008 

1.968 

(1.087-

3.563) 
.025 

 
GSTM1 

/GSTT1Null 

16 

(8.74) 

14 

(9.27) 

1.457 

(.637-

3.336) 

.373 

2.632 

(.951-

7.280) 

.062 

 

GSTM/GSTT 

both null  

24 

(13.11) 

21 

(13.90) 

1.457 

(.711-

2.985) 

.304 

2.352 

(1.011-

5.470) 
.047 
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3.5.4.3 Combined effect of all three genes on NHL: 

Combined effect of GST and CYP1A1 gene variants on susceptibility to 

NHL was analysed as given in Table 3.25. Presence of all three gene variants 

showed strong and significant association with NHL as compared to control. 

Presence and absence of both GSTs along with variant type CYP1A1 gene 

also showed significant association with NHL, with slight effects of 

confounding factors. Whereas, presence of both null GSTs or GSTT1 

genotypes alone, along with wild type CYP1A1 showed weak and non 

significant association. 

Table 3.25: Crude and adjusted Odds Ratios (OR) of GSTs and CYP1A1 gene 

combination for NHL Cancer 

Genetic 

polymorphism 

Contr

ol N 

(%) 

Cases 

N (%) 

Crude OR 

(95% CI) 
p 

Adjusted 

OR (95% 

CI) 

p 

GSTMGSTT 

and CYP1A1 

wild type 

40 16 *Ref.    

All 3 gene 

polymorphisms 
7 12 

4.286 

(1.430-

12.846) 

.00

9 

5.288(1.5

93-

17.551) 

.007 

GSTM1 Null 

and CYP1A1 
34 49 

3.712 

(1.791-

7.693) 

.00

0 

3.156(1.4

36-6.937) 
.004 

GSTT null and 

CYP1A1 
4 12 

7.500 

(2.103-

26.745) 

.00

2 

9.123(2.3

16-

35.943) 

.002 

Both GSTs and 

CYP1A1 
11 24 

5.455 

(2.175-

13.680) 

.00

0 

4.974(1.8

31-

13.514) 

.002 

GST both null 

and CYP1A1 

wild type 

15 11 

1.833 

(.695-

4.838) 

.22

1 

2.870(.98

0-8.401) 
.054 

GSTM null 

and CYP1A1 

wild type 

32 55 

4.297 

(2.081-

8.874) 

.00

0 

5.125(2.2

74-

11.549) 

.000 

GSTT null and 

CYP1A1 wild 

type 

10 4 

1.000 

(.274-

3.656) 

1.0

00 

1.371(.32

9-5.716) 
.665 

*Ref. = Reference or 1.0 
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DISCUSSION: 

4.1 Socio-demographic characteristics of cancer patients: 

Mean age of the cancer patients was 51.14±07.91. While in case of 

oral, pharyngeal, esophageal and NHL cancers it was 54.88±9.83 years, 

56.02±10.83 years, 55.02±10.83 years and 49.14±15.91 years, 

respectively. Highest incidence age group generally, and specifically in 

oral and esophageal cancer cases, was 41-60 years of age; while in case of 

pharyngeal cancer and NHL it was 41-70 years and 30-50 years, 

respectively. This incidence pattern has also been reported in many 

countries throughout the world (Welsh Cancer Intelligence and 

Surveillance Unit, 2010; Northern Ireland Cancer Registry, 2010; ISD 

Online, 2010; Office for National Statistics, 2010). This data clearly 

demonstrates the age as contributing factor towards different types of 

cancer, and ≥ 45 years of age should be considered as risk factor for above 

mentioned cancers, as has been reported in previous studies (Llewellyn et 

al., 2004). However in case of NHL our study reveals that the 4
th

 decade of 

life is important as much as 5
th

 and 6
th

 decades. 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 (our 

society does not allow such information pertaining to females), as our 

main stay regarding tobacco habits were through questionnaire. Also 

overall, consumption of tobacco by females is relatively low as compared 

to males as provided in introduction chapter. Similarly address of the 
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patients revealed that esophageal and pharyngeal cancers were more 

prevalent in Tribal belt and adjacent districts; whereas oral cancer was 

more prevalent in Charsadda district. NHL was prevalent equally in many 

districts like Dir & Chitral, Mardan, Peshawar and Tribal belt. An 

observation worth further exploration was noted. Differential distribution 

of pharyngeal cancer and NHL cases among different districts were 

observed in such a way that districts with highest pharyngeal cancer were 

having lowest NHL cases and vice versa. For example Bannu DI Khan and 

Swabi districts were having highest incidence of pharyngeal cancer with 

no NHL cases; while Dir and Chitral districts were having highest equal 

incidence of NHL with no pharyngeal cancer cases. This distribution 

points towards certain specific etiologic factors that need to be explored. 

For example one of the reasons for the parallel incidence of pharyngeal 

and esophageal cancers may be the intake of hot tea, as residence of tribal 

belt and adjacent areas are accustomed to it. Our finding confirms various 

studies that have previously reported the high prevalence of EC in Khyber 

Pakhtunkhwa and other Pashtun population areas (‘stretching of 

esophageal cancer belt’) (Jamal et al., 1997, Afridi et al., 2000). A detailed 

account of this has been provided later and in introduction chapter. 

Regarding occupation (that reflects socioeconomic status) it was observed 

that generally the patients were very poor having laborious jobs. Highest 

incidence of oral cancer was observed in farmers, of which a significant 

percentage was those involved in tobacco farming or working labour in 

local tobacco industry; whereas highest incidence of pharyngeal, 

esophageal and NHL cancer cases were observed in patients having 
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laborious jobs. Interestingly, significant portion of pharyngeal cancer 

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, tobacco 

farmig in oral cancer cases, whereas teaching and coal mining in case of 

pharyngeal cancer. Several tobacco use habits were analysed to assess 

exposure to tobacco carcinogens. Almost hundred percent of all cancer 

cases were naswar addicts with majority having started it in teen age. 

Majority were mild users of tobacco products alone or in combination. 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 

oropharyngeal and EC (Jamal et al., 1997, Afridi et al., 2000). 

4.2 Genetic susceptibility: 

4.2.1 Individual gene effect: 

It is well recognized fact that some individuals are more susceptible to 

certain types of cancers within similar environmental conditions. Different 

factors are involved 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 CYP1A1 are among the most important enzymes 

involved in the processing of tobacco related carcinogens.  
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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 I enzyme CYP1A1 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 CYP1A1 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.  

Similarly GSTs like GSTT1 and GSTM1 are involved in the phase II 

metabolism that causes detoxification of the electrophilic/toxic species 

generated in phase I metabolism. Polymorphisms in these three genes have 

been linked with increased risk of several types of cancer like Head and 

Neck Cancers (HNC) (especially Oral and Pharyngeal), Esophageal and 

other types of cancers (Hiyama et al., 2008).  

4.2.1.1 CYP1A1: 

CYP1A1 is the major enzyme involved in the metabolism of PAH to 

carcinogenic moieties and mutations at various sites may lead to imbalanced 

functional activity (Hecht et al., 1993, Bartsch et al., 2000). Two major 

relevant polymorphic sites of the CYP1A1 gene have been studied in several 

types of cancer that lead to large inter-individual differences in the activity 

of Arylhydrocarbon Hydroxylase (AHH) enzyme involved in the processing 

of PAH and nitrosamines. One site (known as Msp1 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 Ile/Val) (A4889G) is located in exon 7 (at codon 462) that alters 
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the protein structure by replacing an isoleucine for a valine, making the 

carriers more susceptible to some tobacco-associated cancers (Wang et al., 

2002). Polymorphism studies of CYP1A1 at rs4646903 site have shown 

different results in different types of cancers. In a study in Lung cancer 

patients of Japanese population 3-methylcholanthrene induced AHH activity 

was significantly higher in homozygous alleles (C allele) as compared to 

wild type (T allele); whereas polymorphism at the other site showed no 

association. This study has shown high AHH inducibility as an independent 

risk factor for the said cancer (Kiyohara et al., 1998). Similarly studies in 

Caucasian population have shown controversial results. The presence of at 

least one CYP1A1 MspI variant allele was associated with an increased risk 

of lung cancer, whereas no association was found for the exon 7 

polymorphism (Le Marchand et al., 1998). For breast cancer, no overall 

increase with the variant CYP1A1 genotype has been observed. However, a 

slight increase in breast cancer risk has been shown in tobacco users with 

either heterozygous (T/C) or homozygous (C/C) genotype, especially when 

the subjects started tobacco use before the age of 18 years (Ishibe et al., 

1998). Similarly for esophageal cancer some have reported association (Guo 

et al., 2005), while others have shown no or weak association (Wang et al., 

2004, Casson et al., 2003). Association has been reported in Asians but not 

in Caucasian population in several meta-analysis studies (Guo, 2005, Wang 

et al., 2004, Casson et al., 2003). These observations have shown the 

importance of ethnic differences among the study population (Gupta and 

Johnson, 2014).  
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Our observations are consistant with the previous results. C allele is 

associated with an increased incidence of oral, pharyngeal and esophageal 

cancers in Pashtun population of Khyber Pakhtunkhwa. The order of 

association is that esophageal cancer is more strongly associated than 

pharyngeal; and pharyngeal cancer is more strongly associated than oral 

cancer. In case of NHL some interesting results have been observed. 

Heterozygous allele (T/C) has shown association; while homozygous (C/C) 

allele has no association. C allele carriage has also shown no association. 

This may indicate to certain complex type of metabolic pathways that need 

further exploration.   

4.2.1.2 GSTs:  

Similarly GSTM1 and GSTT1 gene deletions have been studied in 

different study poulations. These genes have been frequently observed in 

both cancer (especially HNC) as well as control polulation, although the 

frequencies in cases were significantly different than that of controls. GSTs 

major role is in the detoxification of carcinogens thus helping in preventing 

malignant transformations. They convert/detoxify carcinogens specially 

epoxide moities through glutathione conjugation. Ingested carcinogens from 

environment and tobacco use are mostly detoxified by these micro class of 

GST isozymes (Comstock et al., 1994).  

 4.2.1.2.1 GSTM1:  

GSTM1 enzyme is the most active member of GST family in 

detoxification (Seidegard et al., 1986). Homozygous deletions in this gene 

occur in gene cluster at chromosome 1p13.3 resulting in loss of GSTM1 
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gene expression and loss of GSTM1 enzyme activity (Xu et al., 1998, 

Strange and Fryer, 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 

(Seidegård et al., 1988, Hayes and Pulford, 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 and 

Fryer, 1998). Same type of deletion has been reported in a population based 

study in Chinese and Koreans (Setiawan et al., 2000, Park et al., 2000b, 

KIM 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 (Stücker et al., 1999) populations. We have for the first time 

reported it in different cancer types of Pashtun population of Khyber 

Pakhtunkhwa. Our results are in strong agreement with the previous studies. 

GSTM1 null genotype is more prevalent in our population as more than 

50% of controls are having GSTM1 deletion. Similarly it is also associated 

with increase incidence of oral and pharyngeal cancers, and NHL; while it 

has shown no association with esophageal cancer. 

4.2.1.2.2 GSTT1:    

Similarly GSTT1 gene deletion has been studied in different populations. 

Some populations have shown association while other have shown weak or 

no association (Guo, 2005, Wang et al., 2004, Casson et al., 2003). Asians 

are reportedly possessing highest GSTT1 deletion genotype. One study have 
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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). Our findings are in partial agreement of the previous studies. GSTT1 

null genotype is less prevalent in Pashtun population (less than 30% as 

compared to 50% in Chinese and Malaysians), although it is significantly 

more in cases than in control. Similarly null genotype is associated with 

increased incidence of oral and pharyngeal cancer; have shown weak 

association, if any, with esophageal cancer; and no association with NHL. 

4.2.2 Combined effect of all three genes along with other risk factors on 

individual cancer:  

 Combination of genes has shown interesting effects in the presence of other 

risk factors on the susceptibility to individual cancers as discussed below. 

4.2.2.1 Oral cancer:  

Our study has thrown light on the involvement of genetic, ethnic and 

demographic factor differences in the incidence of oral cancer. Present data 

shows that genetic polymorphisms in GSTM1, GSTT1 and CYP1A1 genes 

have important contribution towards the occurrence of oral cancer in 

Pashtun population. GSTM1 and GSTT1 have shown a 3-fold independent 

association, while CYP1A1 is weakly involved. Combined effects of both 

GSTs alone, and in combination with CYP1A1, further increase the 

association. The risk is 8-fold high in those patients that have variant alleles 

of all three genes, showing the importance of CYP1A1 gene. Similarly when 

adjusted for age, gender, place of residence, occupation, tobacco type used, 
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amount of tobacco used per day and age at first exposure the risk further 

increased showing the importance of these environmental and demographic 

factors. The risk of oral cancer doubled, when these factors were adjusted in 

individuals that have variant alleles of all three genes. The occurrence of 

oral cancer increases with age, with incidence rates peaking at 70 years. In 

this study almost 70% of the patients were in the age range of 40-60 years. 

Regarding tobacco habits it was observed that hundred percent were 

exposed to naswar. About 87% were mild to moderate users, while mean 

age at first exposure was 17 years. This shows that majority of the patients 

were exposed for more than 30 years to tobacco carcinogens. Area of 

residence showed that Tribal belt, Charsadda, Peshawar and Swabi districts 

were having more cases of oral cancer as compared to other districts. This 

observation is consistent with increased exposure to tobacco in these 

districts due to tobacco farming (especially in Charsadda and Swabi) and 

naswar consumption. Similarly, under-nutrition associated with low 

socioeconomic status has been an established risk factor for various types of 

cancers including that of oral cavity, and our data showed that almost 100% 

were having laborious low paid jobs.  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 oral cancer. In conclusion, our study shows that the 

GSTM1, GSTT1 and CYP1A1 genes may be associated with the risk of oral 

cancer, especially in the presence of tobacco (naswar) use.  
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4.2.2.2 Pharyngeal cancer:  

We have addressed genetic, ethnic and demographic factors associated 

with the incidence of pharyngeal cancer in Pashtun population. Present data 

shows that genetic polymorphisms in GSTM1, GSTT1 and CYP1A1 genes 

have very important contribution towards the occurrence of pharyngeal 

cancer in Pashtun population. CYP1A1 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 previousely. But independent association of GSTT1 

shows that it also has significant contribution in the detoxification of 

carcinogens, although to a lesser extent than GSTM1. 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; p-value = 0.000) 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. 

The occurrence of pharyngeal cancer is consistant in 5
th

, 6
th

 and 7
th

 decades 

of life, showing the importance of old age as important contributing factor 
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as already discussed. Hundred percent (100 %) of the patients were naswar 

addicts while 56.92 % each were also smokers or using other tobacco 

products specially huqqa (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 having moderate use. 

This shows that majority of the patients were exposed for more than 30 

years to tobacco carcinogens. Use of chillum (huqqa) as a contributing 

factor can be explained with fact that the huqqa is forcefully inhaled through 

pharynx, thus exposing it more than the oral cavity. Highest incidence of 

pharyngeal cancer was observed in tribal areas. Interestingly, equal 

distribution was observed in Bannu DI Khan, Malakand, Mardan, Peshawar 

and Swabi districts; while no patient was observed from Charsadda, Chitral, 

Dir, Kohat and Nowshera areas. This observation is consistent with 

increased exposure to tobacco in these districts due to tobacco farming 

(especially in Swabi) and naswar consumption. Differential distribution in 

these districts points towards certain other factors that may further be 

explored. Highest incidence was observed in patients having laborious jobs 

with a significant portion working in tobacco fields/industry. Interestingly, a 

significant portion was involved in teaching as profession and coal mining. 

These observations may be explained by continuous irritation of the 

pharynx. For example teaching involve rigorous use of the pharynx specially 

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. Similarly, under-nutrition associated with low 
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socioeconomic status has been an established risk factor for various types of 

cancers including that of pharynx, and our data showed that majority were 

having laborious low paid jobs.  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 previously. 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.  

4.2.2.3 Conclusion and recommendations for prevention of oral-

pharyngeal cancers: 

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 oral cancer in Khyber Pakhtunkhwa province. Similarly, projects should 

be designed by governmental agencies to screen for genetically susceptible 

individuals and awareness campaigns regarding genetic susceptibility and 

environmental risk factors be initiated in general public. 

4.2.2.4 Esophageal cancer: 

Our data showed that the replacement from T to C at Msp1 site can 

significantly increase the risk of esophageal cancer. Variant allele (CC) ten 

times increases the risk of EC in Pashtun population while heterozygous 

allele (T/C) increases the risk about three fold. Null genotypes of both GST 

genes were having non-significant association with esophageal cancer, with 

little effects of confounding factors. Association of two gene combination 
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was also weak and non significant, except when both genes were absent 

(both null genotype). Presence of all three gene variants showed strong and 

significant association with esophageal cancer as compared to control. 

Presence of both GSTs along with variant type CYP1A1 gene also showed 

significant association with esophageal cancer, which further enhanced in 

the presence of confounding factor. These observation points to the fact that 

null GSTs have synergistic effect with the presence of variant CYP1A1 

allele, although their independent association is weak. After adjusting for 

age, gender, place of residence, tobacco type used, amount of tobacco used 

per day and age at first exposure the risk further increases (Adjusted 

OR=15.709 and 3.256 respectively). This shows that the above mentioned 

environmental factors also significantly contribute towards the risk of 

developing EC. The gender, place of residence and naswar use in this study 

are among the factors that increase the risk. This confirms various studies 

that have previously reported the high prevalence of EC in Khyber 

Pakhtunkhwa and other Pashtun population areas (Jamal et al., 1997; Afridi 

et al., 2000; Shahid Jamal 2010). Remarkable proportional differences have 

been observed between male and female regarding occurrence of EC. 

Studies have reported differences up to 1:5 between females and males 

(Cook et al., 2009, Hajmanoochehri et al., 2013). Interestingly we have not 

observed any female patient of EC in our one year time period. The 

occurrence of EC increases with age, with incidence rates peaking at 70 

years of age. The peak age in majority of patients with EC is over the age of 

50 years. In this study almost constant proportion has been observed in 

patients above 40 years up to 70 years of age. Associated risk factors for EC 
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are well known. Risk factors previously reported for ESCC include tobacco 

use, alcohol consumption, and under-nutrition. Low socioeconomic status is 

associated with under-nutrition in developing countries. As a risk factor, 

under-nutrition includes low intake of fresh fruits and vegetables and low 

intake of micronutrients such as vitamin A, C, E, riboflavin, zinc and 

selenium. Studies have demonstrated a reduced risk of EC associated with 

regular intake of fresh fruits and vegetables with former to be more 

beneficial than latter (Yang et al., 2005, Yamaji et al., 2008, Mao et al., 

2011). Same finding were observed over here. Almost all patients were of 

low socioeconomic status that was evident from their life long profession. 

High prevalence in certain geographical areas has been reported for EC as 

discussed previously. Our observations were consistent with those studies 

and  high prevalence of EC in areas adjacent to Afghanistan border (Tribal 

areas, Northern areas, Charsadda and Peshawar) further provides yet another 

evidence for the hypothesis that Pashtun population areas of Pakistan are an 

extension of ‘Asian cancer belt’ (Jamal et al., 1997). Regarding tobacco 

habits our study showed consistent results with previous studies. Almost 

eighty percent of the patients started tobacco at 10-20 years of age. 

Similarly, almost eighty percent of the patients were mild to moderate users. 

This shows that routine doses of tobacco play important role in the 

incidence of EC. Naswar was observed to be the main tobacco product 

consumed by the patients. Its association with EC has been shown 

previously (Afridi et al., 2000). This may be because naswar is a smokeless 

tobacco product and is swallowed with the saliva that comes in direct 

contact with esophagus. Naswar contains various carcinogenic species 
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especially TSNAs, and also has a basic pH of more than 8 (Saeed et al., 

2012).Basic pH has the same effect as that of alcohol in making 

carcinogenic species more soluble, leading to their more efficient absorption 

into esophageal epithelium. That may explain that why naswar is an 

important risk factor for the development of EC. 

Polymorphism studies at rs4646903 site have shown different results. 

Some have reported association (Guo, 2005), while others have shown no or 

weak association (Wang et al., 2004, Casson et al., 2003) with EC. This 

shows that factors such as ethnicity, study population, different 

environmental exposure and sample size may affect the results. Therefore, 

large population based studies should be designed in specific ethnic groups 

exposed to similar risk factors to analyze the relationship of CYP1A1 

rs4646903 genetic polymorphism and esophageal cancer. 

In conclusion, our study suggests that the CYP1A1 rs4646903 gene 

variations may be associated with the risk of esophageal cancer. However, 

large population based epidemiologic studies should be conducted in future 

to consider interactions between genetic polymorphisms and exposure to 

environmental carcinogens to make the tests results more objective and 

reliable. 

4.2.2.4.1 Conclusion and recommendations 

Despite high prevalence in Khyber Pakhtunkhwa the precise etiologic 

factors for EC have not been elucidated. As discussed in the risk factors, 

reducing consumption of tobacco (especially naswar in Pashtun population) 

and more consumption of fruits and vegetables must be regarded as the 

primary preventive strategies. Similarly, projects should be designed by 
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governmental agencies to screen for genetically susceptible individuals and 

awareness regarding genetic susceptibility and environmental risk factors be 

generated in general public. Also, further research is recommended to 

understand the precise etiology and epidemiology of EC to prevent the 

general public from this fatal and costly disease. 

4.2.2.5 NHL:  

In order to improve our understanding of the Etiology of NHL in 

Pakistani Pashtun population, we have accounted for genetic, ethnic and 

demographic factors associated with the incidence of the disease. Present 

data shows that genetic polymorphisms in GSTM1, GSTT1 and CYP1A1 

genes have complex type of association with the occurrence of NHL in 

Pashtun population. Our data shows that CYP1A1 homozygous variant 

type (C/C) had an almost no association with NHL compared with wild 

genotype (T/T), both in the absence and presence of other confounding 

factors; while heterozygous variant (T/C) had a significant association 

with NHL, compared with wild genotype (T/T); which further increased 

when the data were adjusted for age, gender, place of residence, tobacco 

type used, amount of tobacco used per day and age at first exposure. 

Overall the C allele confers no susceptibility to NHL as compared to T 

allele; also allele carriage rate showed no association with the 

susceptibility to NHL. As far as GSTs are concerned, null genotype of 

GSTM1 gene were having weak association with the increased risk of 

NHL cancer compared with wild type, which became non significant 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 
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having non-significant association, with little/no effect of confounding 

factors. Similarly when analysed 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. Interestingly, GSTM/GSTT both null genotype was having 

non significant association. Interestingly and confusingly, presence of all 

three gene variants showed strong and significant association with NHL as 

compared to control. Presence and absence of both GSTs along with 

variant type CYP1A1 gene also showed significant association with NHL, 

with slight effects of confounding factors. Whereas, presence of both null 

GSTs or GSTT1 genotypes alone, along with wild type CYP1A1 showed 

weak and non significant association. 

These observations are partially consistant with the previous 

studies that have shown controvertial results regarding the associations 

between polymorphisms of drug-metabolizing genes and NHL risk. In four 

separate studies, no association was observed between CYP1A1 in 

California (De Roos et al., 2006), Connecticut (Kilfoy et al., 2009), Saudi 

Arabia (Al-Dayel et al., 2008) and Australia (Kerridge et al., 2002). In this 

study, CYP1A1 variant allele has shown partial association with 

homozygous C/C having no association, while heterozygous T/C showing 

significant association. This might point towards certain complex aspect of 

xenobiotic metabolism that is yet to be explored. One of the reasons may 

be the effect of gene induction, not the original enzyme activity, as 

previousely reported for yet another site (CYP1A14889 GG genotype) that 

is not addressed in this study (Crofts et al., 1994). This hypothesis is 



    
 

  110 
 

strengthened by the effect of confounding factors such as tobacco use (that 

induce CYP1A1). Our analysis of these polymorphisms suggests that 

CYP1A1 gene inducibilty may be more important than does CYP1A1 

enzyme activity in modifying the risk of NHL. 

Our results of GST association with NHL are also interesting. It 

points towards certain indirect type of association with NHL. GSTM1 null 

genotype seems to be more important than GSTT1 null. Independently 

weak or no association was observed for both isoforms, that is in partial 

agreement with the previous studies (Al-Dayel et al., 2008, De Roos et al., 

2006, Kerridge et al., 2002, Chiu et al., 2005), as previousely two reports 

have shown the association of GSTT1 null genotype (Al-Dayel et al., 2008, 

Kerridge et al., 2002). Reverse finding of our study may points towards 

differences in environmental exposure and/or other socio-demographic 

factors in the study population. The effect of all three gene polymorphisms 

shows strong association that point towards the importance of these 

enzymes/genes although the picture continues to be blurred and further 

explorable. 

Apart from xenobiotic metabolizing gene variation, other well known 

risk factors for NHL include family history, dietary habits (ingestion of 

charbroiled meat and fish etc) immune dysfunction, immune stimulation, 

and infections. Similarly, identified environmental exposures (e.g., 

tobacco, alcohol etc) among others are also risk factors for NHL, although 

the results are variable and inconsistent (Morton et al., 2005b, Nieters et 

al., 2006, Lim et al., 2007, Monnereau et al., 2008, Besson et al., 2006, 
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Morton et al., 2005a, Chiu et al., 1996, De Stefani et al., 1998, Purdue et 

al., 2004).  

In our study population, almost equal distribution was found in the 4
th

, 

5
th

 and 6
th

 decades of life with twenty six percent of the patients in the age 

range of 20-40 years; similar percentage in the age ranges of 41-50 and 

60+ years each. This shows the importance of old age as important 

contributing factor as already discussed. Highest equal incidence of 

lymphoma was observed in Dir & Chitral, Mardan, Peshawar districts and 

tribal belt. Lowest incidence (4%) was observed in Bannu DI Khan, 

Nowshera and Swabi districts; while no patient was observed from district 

Kohat. Differential distribution in these districts points towards certain 

other factors that may further be explored. Highest incidence was observed 

in patients having laborious jobs followed by patients having farming as 

profession. Ninety six percent of the patients were naswar addicts while 

39.34 % were smokers. Majority started tobacco at the age of 10-15 years, 

with mean age of 14 years. Similarly, majority were mild users with 

interestingly no patient having moderate use. This shows that majority of 

the patients were exposed to tobacco carcinogens for almost life long 

period. Highest incidence was observed in patients having laborious jobs. 

Under-nutrition associated with low socioeconomic status has been an 

established risk factor for various types of cancers including that of NHL, 

and our data showed that majority were having laborious low paid jobs.   

In summary, these complex observations may be due to different 

lymphoma subtypes, different genotypes frequencies in with respect to 
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ethnicity (Pashtun population), sample size variation, differential 

environmental exposure and/or dietary and life style habits.  

In conclusion, our study shows that the CYP1A1, GSTM1 and 

GSTT1 genes play role in the pathogenesis of NHL, especially in the 

presence of local confounding factor like tobacco use. 

4.2.2.5.1 Conclusion and recommendation:  

 Despite high prevalence in Khyber Pakhtunkhwa the precise etiologic 

factors for NHL have yet to be elucidated. Further studies with larger 

sample size in local ethnicities taking account of various lifestyle factors 

such as chemical exposures such as to tobacco, alcohol and HCAs and 

consumption of fresh fruits and vegetables should be conducted to further 

envisage the associations between genetic polymorphisms of drug-

metabolizing enzyme genes and lymphomagenesis. Future large 

epidemiologic studies are necessary to come to a definite conclusion 

regarding interaction between these polymorphisms and NHL risk. 

************************************************************* 
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