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ABSTRACT

Glutathione transferases (GSTs), a multiple gene family of phase Il enzymes, catalyses
detoxification of endogenous compounds with glutathione and thus protects macromolecules
from damage caused by carcinogenic agents. We carried out the study to investigate the
potential role of GSTT1, GSTM1 and GSTP1 polymorphisms in likelihood of development of
lung cancer, either separately or in combination. This case-control study consisted of 270
cases with lung cancer and 270 age and gender matched cancer free controls from
Department of Pulmonary Medicine, Post Graduate Institute of Medical Education and
Research (PGIMER) Chandigarh, India. The frequencies for the GSTM1 null genotypes were
49.6 and 38.14 % among cases and controls, and for the GSTT1 null genotype 18.52 and
13.70 % respectively. The distribution of the GSTPL1 lle/lle, lle/\VVal and Val/VVal genotypes
was 83.33, 14.82 and 1.85 % in cases and 86.30, 11.85 and 1.85% in controls respectively..
In our studies GSTML1 null genotype showed an elevated risk for lung cancer (OR= 1.65,
95%CI=1.16-2.3, p=0.005) but neither GSTT1 null genotype nor the genotypes of GSTP1
showed increased risk for overall lung cancer but when analysis was done for histological
subtypes, GSTT1 and GSTM1 null genotype showed a significant risk for developing ADCC
(OR=2.32, 95%CI =1.27-4.25, p=0.006; OR=2, 95%CI =1.21-3.3, p=0.006). When analyzed
in combinations, GSTM1, GSTT1 and GSTP1 genotypes did show an association with overall
lung cancer and further these combinations had an elevated risk for ADCC and SCLC.
Smoking is considered to be associated with lung cancer but in our case none of the
genotypes of GSTM1, GSTT1 and GSTP1 suggested any relationship between smoking and
lung cancer. Whereas, GSTM1 null genotype showed an elevated risk for lung cancer in case
of non smokers (OR=3.03, 95% CI- 1.48-6.39, p=0.002). The genotypes of three GSTs in

triplet combinations did not show any significant relationship with overall lung cancer.
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CHAPTER 1

INTRODUCTION

Cancer is characterised by uncontrolled proliferation of cell. This uncontrolled growth leads
to the accumulation of mass of the tissue i.e. “tumor”. Every cell undergoes apoptosis and the
cells which do not follow programmed cell death process become cancerous and one of the
reasons may be mutation in DNA or damage to the genes involved in cell division or

carcinogen metabolism.

Lung cancer is the leading cause of deaths in men and women worldwide. Over the past
several years, it has been reckoned that tobacco smoking is related to lung cancer. But
individual susceptibility to lung cancer could be different due to genetically determined
variations in metabolism of tobacco derived carcinogens. Not that all smokers develop lung
cancer but yes, people developing lung cancer do have smoking history. This indicates that
identification of genetic variations can play a vital role in finding out the susceptibility factors

for developing lung cancer.

Tobacco, asbestos and radon are the major risk factors of lung cancer. Human body has an
inbuilt mechanism of detoxification for such carcinogens to prevent cancer. Xenobiotics
metabolising enzymes are responsible for metabolism of many exogenous chemicals that are
toxic, mutagenic or carcinogenic. Carcinogen detoxifying enzymes include the phase |
enzymes and Phase Il enzymes. Removal of undesirable or harmful compounds is done by
phase | (transformation) and phase Il (conjugation) enzymes. Both phase | and phase Il

enzymes work in unison for the removal of xenobiotic compounds.

Principally phase | detoxification system is mediated by cytochrome P450 multigene family.
Various phase | metabolic reactions such as C, N and S oxidation and dealkylation are
performed by cytochrome P450s (Androutsopoulos et al., 2009). A number of genetic
polymorphisms have now been established for several isoenzymes of the P450 enzyme
system (i.e., in the CYP1Al, CYP2A6, CYP2C9, CYP2C18, CYP2C19, CYP2D6, and
CYP2E1 genes). Considering the fact that bioactivation by P450 enzymes may play an



important role in human drug toxicity and human cancer, these polymorphisms may result in

large interindividual variations in the metabolism and toxicity of xenobiotics.

Phase Il detoxification system mainly consists of Glutathion - S- Transferases which are
soluble dimeric enzymes and are further classified as Alpha, Kappa, Mu, Pi and Theta. All
act on different substrates converting them into soluble compound and facilitating them out
of the body. GSTs are mainly involved in the detoxification of reactive compounds generated
by phase | enzymes. Apart from detoxification of xenobiotics compounds, they have a potent
role in chemical carcinogenesis. The genetic polymorphism so far detected in human
population is in the genes encoding GSTM1, GSTT1 and GSTP1 (Wormhoudt et al., 1999).

The polymorphism found in the different GSTs has been found to be playing a vital role in
determining the metabolism capacity of an individual to detoxify carcinogens. Therefore, due
to various differences in population ethnicity and inter individual variations at genetic levels,
the study to find out role of these polymorphisms in GSTs is required. So, we are carrying out
the study to find out association of GSTP1, GSTT1 and GSTM1 polymorphisms with risk of

development of lung cancer.



CHAPTER 2

REVIEW OF LITERATURE

2.1 Lung Cancer

In both men and women, lung cancer is of two types based on histology, Small cell lung
carcinoma and Non small cell lung carcinoma. Lung cancer is the second most common

cancer apart from skin cancer. Lung cancer accounts for about 13% of all new cancers.
Risk factors likely to develop lung cancer are:

Tobacco smoke: Atleast 80% deaths are caused due to tobacco smoking and easy
availability of manufactured cigarettes has increased this percent. More the number of

packs you smoke greater is the risk for developing lung cancer.

Second hand smoke: If you don’t smoke but inhalation of environment tobacco smoke
also increases the risk of developing lung cancer. A non smoker who is exposed to
tobacco smoke at his workplace or who lives with smokers has 20-30% greater chances of

developing lung cancer.

Radon: It is a naturally occurring radioactive gas and in US it is the second leading cause

of lung cancer according to US Environmental Protection Society.

Asbestos: It has been seen that both smokers and non smokers who are exposed to
asbestos have a great tendency to develop mesothelioma (cancer that starts in the pleural
lining of the lung). People who are exposed to asbestos and smoke also are at greater risk
of developing lung cancer in comparison to these exposure factors separately.

(http://www.cancerresearchuk.org)
2.2 Some Signs And Symptoms Of Lung Cancer

e A prolonged cough that worsens over time

e Hoarseness



e Problem in breathing and severe chest pain
e Loss of appetite and reduced weight
e Fatigue

e Shortness of breath

Coughing up blood or phlegm
2.3 Diagnosis

Imaging tests like chest X-ray, CT scan, MRI scan, PET scan etc are used to diagnose lung
cancer. Cytology tests and microscopic examination of the piece of abnormal mass of tissue
(biopsy) are carried out. Then staging is done to decide the treatment and prognosis. TNM
staging is done where T indicates the size of tumor and its spread; N indicates the spread of
cancer to lymph nodes and M indicates whether the tumor has metastasised to other organs or

not.
2.4 Histology

Lung cancer can be classified as follows:

LUNG
CANCER

NON SMALL CELL
CARCINOMA
(85% to 90%)

SQUAMOUS
CELL
CARCINOMA

(25% to 30%)

SMALL CELL
CARCINOMA

(10 %26 to 15%0)

Lung
cell(undifferentiated )
carcinoma(10% to 15
%0)

ADENOCARCINOMA
(40%%)

Figure: 2.1 Classification of lung cancer



Large cell carcinoma
[TILFRE

Nan-smoker

Figure2.2: Distribution of lung cancer subtypes among smokers and non smokers
(Alberg et al., 2010)

2.5 Incidence

Worldwide

Tobacco is the main risk factor causing lung cancer which is further responsible for causing 1
in 5 cancer deaths and almost three quarters of lung cancer deaths. In 2012, an estimated 14.1
million new cases of cancer occurred worldwide. Worldwide Lung cancer is the most
common cancer in men. It has been estimated that more than 1 in 10 of all cancers diagnosed

in men are lung cancers.



Table: 2.1 Estimated Incidence, Mortality and Prevalence Worldwide in 2012 (Globocan,
2012)

Estimated Numbers Men Women
(thousands)
Cases Deaths Cases Deaths
World 1242 1099 583 491
More developed regions 490 470 268 210
Less developed regions 751 682 315 281
WHO Africa region 12 11 6 6
(AFRO)
WHO Americas region 178 149 146 113
(PAHO)
WHO East Mediterranean 26 23 7 6

region (EMRO)

WHO Europe region 323 283 126 105
(EURO)
WHO South-East Asia 116 104 46 42

region (SEARO)

WHO Western Pacific 588 528 251 220
region (WPRO)

United States of America 112 92 102 76
China 459 422 193 175
India 54 49 17 15




India

Lung cancer scenario in India

Sex distribution of smokers (Khurana et al., 1994)

Males: 33.4%

Females: 1.4%

Smoking prevalence in varied areas
Rural areas: 31.3%

Urban areas: 21.5%

Relative risk of developing lung cancer
Beedi smokers: 2.64

Cigarette smokers: 2.23

Overall: 2.45

Incidence rates (age-standardized) per 100,000 population (2008) (SIRO, 2011)

Males: 10.9

Females: 2.5

Increase in new cancer cases per 100,000 populations each year over 24 years (till 2005)

Chennai: 160%
Bangalore: 100%
Delhi: 40%
Mumbai: 60%

Most prevalent is NSCLC amongst

Squamous cell carcinoma: 44.73%

Adenocarcinoma; 30.26%

lung cancers

(Kenfield

et

al.,

2008)



2.6 Epidemiology

The risk factors of lung cancer are:

TOBACCO

SMOKE
OCCUPATIONAL LUNG — IONISING
EXPOSURES —> CANCER RADIATION

]

FAMILY HISTORY/
PREVIOUS CANCER

Figure 2.3: Various risk factors of lung cancer

Tobacco smoking: According to IARC 80% of the lung cancer cases are due to tobacco
smoking. Cigarettes consist of several harmful chemicals. Nearly 4000 irritating, suffocating,
dissolving, inflammable, toxic, poisonous, carcinogenic gases and substances and even
radioactive compounds (nickel, polonium, plutonium, etc.) have been identified in tobacco
smoke. Some of these are: Benzopyrene, dibenzopyrene, benzene, isoprene, toluene
(hydorcarbons); naphthylamines; nickel, polonium, plutonium, arsenic, cadmium (metallic
constituents); carbon dioxide, methane, ammonia, nitrogen dioxide, hydrogen sulphide
(gases); methyl alcohol, éthanol, glycerol or glycerine, glycol (alcohols and esters);
acetaldehyde, acrolein, acetone (aldehydes and ketones); cyanhydric or prussic acid, carboxyl
derivatives (acids); chrysene, pyrrolidine, nicoteine, nicotinine, nicoteline, nornicotine,

nitrosamines (alkaloids or bases); cresol (phenols), etc.( Parkin et al.,2011)
Genetic Factors

Almost 8 to 14% involvement of inherited factors has been estimated in causing lung cancer
(Cogliano et al., 2011). The risk increases 2.4 times in the people who have family history of
lung cancer. This is likely due to a combination of genes.


http://en.wikipedia.org/wiki/Polygenic_disorder

Inactivation of tumor suppressor genes and activation of oncogenes plays a vital role in lung
cancer initiation. Cancer susceptibility increases due to oncogenes. Proto oncogenes when

exposed to particular carcinogens are believed to turn into oncogenes (Salgia et al., 2002)

Mutations in the K-ras proto-oncogene are responsible for 10-30% of lung adenocarcinomas
(Herbst et al., 2005). Proliferation, apoptosis, angiogenesis, and tumor invasion is being
regulated by the epidermal growth factor receptor (EGFR). Mutations and amplification of
EGFR are common in non-small-cell lung cancer and provide the basis for treatment with
EGFR-inhibitor. Chromosomal damage can lead to loss of heterozygosity which can cause

inactivation of tumor suppressor genes.

2.7 Detoxification System

In one’s life time human body is exposed to various xenobiotics compounds and our body has
developed complex enzymatic mechanisms to detoxify these compounds and render them out
from the body. Environment, lifestyle, and genetic influences show a great deal of affect on
these mechanisms and thus leading to individual variability. An impaired detoxification
system has been associated to certain diseases including cancer, Parkinson’s disease; immune
dysfunction syndrome etc (Liska, 1988).Our detoxification system consists of phase | and

phase Il enzymes.
Phase |

Phase | (transformation) enzymes consists of Cytochrome P450 family which are mainly
oxygenases and show first enzymatic defence against foreign compounds. The phase |
enzymes by the process if biotransformation leads to the formation of reactive molecules
which if not metabolised further by phase 1l enzymes may cause damage to protein, RNA and
DNA.

Phase 11

The main aim of phase Il enzymes is to perform conjugating reactions and the conjugates
formed are hydrophilic. The enzymes involved in phase 11 are mainly transferases i.e.

e UDP-GLUCURONOSYLTRANSFERASES (UGTs; EC 2.4.1.17)

e SULFOTRANSFERASES (SULTs; EC 2.8.2.1)


http://en.wikipedia.org/wiki/Tumor_suppressor_gene
http://en.wikipedia.org/wiki/Mutation
http://en.wikipedia.org/wiki/Ras_(protein)
http://en.wikipedia.org/wiki/Apoptosis
http://en.wikipedia.org/wiki/Angiogenesis
http://en.wikipedia.org/wiki/Epidermal_growth_factor_receptor
http://en.wikipedia.org/wiki/Chromosome
http://en.wikipedia.org/wiki/Loss_of_heterozygosity

e N-ACETYLTRANSFERASES (NATs; EC 2.3.1.5)
e GLUTATHIONE S-TRANSFERASES (GSTs; EC 2.5.1.18)

e THIOPURINE S-METHYLTRANSFERASE (TPMT; EC 2.1.1.67)

e CATECHOL O-METHYL TRANSFERASE (COMT; EC 2.1.1.6)
(Jancovaa et al., 2010)

NATs

TPMT

Figure 2.4: Participation of major phase Il enzymes in the metabolism of clinically used

drugs. (Jancovaa et al., 2010)

Glutathione S-Transferases : The main contribution in the phase Il metabolism of xenobiotic
compounds is of GSTs. The epoxides derived from polycyclic aromatic hydrocarbons
(PAHSs) and alpha-beta unsaturated ketones are detoxified. GSTs are multigene family of
enzymes involved in the detoxification and inactivation of various anticancer drugs and in a

few instances, activation of wide variety of chemicals.

The nucleophilic attack of GSTs on their electrophilic substrates decreases their activity with
cellular macromolecules. GSTs are virtually found in plant, animals and bacteria. Human
GSTs are divided into three main families: cytosolic, mitochondrial and membrane-bound
microsomal. The mammalian cytosolic family of GSTs exist as monomers and are
catalytically active in a homo or heterodimeric state (Mannervik et al., 2005). Mitochondrial
GST referred to as GST kappa. In humans and rodents 4% of the total soluble proteins in the

10



liver are constituted by GSTs. The soluble dimeric proteins consist of subunits with
molecular weight of 25kDa. Each subunit has as active site consisting of two functional
regions; one that binds the physiological substrate glutathione and the other provides
hydrophobic environment for the binding of electrophilic substrates.

2.8 Catalytic Function
The general reaction catalysed by GSTs is: GSH + R-X —+GSR + HX

The main function of the enzyme is:

1. The substrates are brought into close proximity with glutathione (GSH) by binding
both, the GSH and the electrophilic substrate to the active site of the protein.

2. Nucleophilic attack of GSH is allowed on electrophilic substrate R-X after the
activation of sulfhydryl group on GSH.

Other catalytic reactions identified are epoxide ring openings, nucleophilic aromatic
substitution reactions, reversible additions to unsaturated aldehydes and ketones,
isomerisation and for few GSTs peroxide reactions.

2.9 Substrates, Inhibitors And Inductors
Typical GST substrates
e Epoxides
e o,B-unsaturatedketes
e quinones
e sulfoxides
e esters
e peroxides
e 0zonides
e Etacrynic acid-substrate for GSTP1
e trans-stilbene oxide is a diagnostic substrate for GSTM1
e Methylene chloride, ethylene dibromideor isoprene derivates have been shown to
be conjugated by GSTT1

e 1-chloro-2,4-dinitrobenzene- "'universal’ GST substrate

11



GSTs Inhibitors

e synthetic and naturally-occurring phenols

e quinines

e derivatives of vitamin C

e retinoic acid as an inhibitor of human placental and liver glutathione transferases in
the micromolar range

e inhibition of human GSTs by dopamine, a-methyldopaand glutathionyldopamine
(Yokota et al., 2010)

GSTs inductors
e Extracts of Ginkgo biloba induce GSTP1
e Extracts from cruciferous vegetables (e.g. broccoli, Brussels sprouts, cabbage) as well

as grapefruit extract act as inducers of human GSTs (Williamson et al., 1997).

2.10 Tissue Specific Expression Of Human GSTs

Not all GST isoforms are expressed in all tissues because of difference in regulation of
expression. Furthermore, some GSTs are polymorphic and deletion of GSTT1 and GSTML1 is
prevalent in human population. Thus, individuals homozygous for GSTT1 or GSTM1 deletion
will lack expression of the related enzymes in any tissue in the body. Due to such inter
individual genetic differences and modulation by diet and xenobiotics compounds it is
difficult to predict accurately the extent of expression of any GST gene in a given tissue. GST
alpha are highly expressed in liver, kidneys and testis but not in lungs whereas GSTP1 is
highly expressed in brain and lung but not in liver. Mu, class of the GSTs, depending upon

their subfamily is expressed to different extents in different tissues (Yang et al., 2002).

2.11 Metabolism Of Xenobiotics And Endobiotics By GSTs

The ability of GSTs to inactivate xenobiotics and cytotoxic compounds within the cell has
been extensively studied. Transferases play an important role in detoxifying noxious
chemicals that may lead to mutagenic events. Example of such compounds includes benzo
(a) pyrene and aflatoxin. Apart from detoxification of foreign compounds, there are numbers
of by products of normal metabolism that are GST’s substrate. Not all reactions catalysed by

GSTs leads to the formation of less toxic products; there are instances where it leads to the

12



formation of more reactive and potentially carcinogenic compounds. Various enzymes are

involved in the phase Il of the detoxification system; they are as shown in the Figure 5.

Glutathione and Its Associated Enzymes

Xenobiotic , Superoxide Glutathione (GSH)
Toxic and Anticancer Agents Onidized
............. _— .
e @ @ -— Crlutathione
&

" Glutathione

GSTM1, T1, P1

GSH Conjugation

| @>-

Figure 2.5: Glutathione and its associated enzymes. The three polymorphic genes in the
study are GSTM1, GSTT1 and GSTP1 (Yang et al., 2002)

The role of these enzymes has been studied in anticancer treatment sensitivity and responses
too. Genetic polymorphisms with functional significance have been well characterised for
GSH related enzymes. The polymorphism of the GST genes might alter the detoxification
system and thus it is important to study the association of GST polymorphism with cancer
risk (Yang et al., 2002).

2.12 GST Polymorphism And Lung Cancer
GSTM1, GSTT1 and GSTP1 are found to be polymorphic in human population. As these

enzymes are involved in the detoxification of various xenobiotics and carcinogenic
substances, numerous epidemiological studies have examined their association with different

types of cancers.

The major GST isoenzymes are GSTM1, GSTT1 and GSTP1 and the genes coding these
enzymes are located on chromosome 1p13.3, 22q 11.2 and 11q 13 respectively and are shown

13



to be polymorphic in nature (Sharma et al., 2014). Both the GSTM1 and GSTT1
polymorphism are represented by two active alleles and a non-functional null allele which is
a homozygous deletion. GSTT1 is also represented by functional allele and a non-functional
(null) allele. For the GSTP1 gene a point mutation exists in exon 5 which results in the
substitution of the isoleucine to valine amino acid. This polymorphism results in the reduced
catalytic activity of GSTP1. In case of GSTP1 polymorphism three possible genotypes for the
polymorphism at codon 105 are seen: Wild genotype (lle/lle), homozygous mutant (Val/Val)
and heterozygous mutant (lle/Val) (Zimniak et al., 1994). The frequencies of GSTML1 null
genotype show variations between different populations and ethnicity. Both the Europeans
(42-60%) & Asians (41-63%) exhibit a high frequency of the null genotype for GSTM1 gene
as compared with that of Africans (16-36%) (Cotton et al., 2000; Hayes et al., 2005)
However, the frequency of GSTT1 null genotypes is highly represented in case of African
(14-57%) and Asian populations (35-48%) and somewhat less in Europeans (13.31%)
(Sharma et al., 2012). The frequency of mutant (Val/Val) GSTP1 genotype is highly
represented among African-Americans (19%), followed by Caucasians (6.5-11.7%) and least

common among Japanese or Asian populations (0-3.1 %) (Gong et al., 2012).

Homozygous deletion of GSTM1 gene results in GSTM10 allele and thus there is loss of
enzyme activity. GSTM1-1 catalyzes the metabolism of a large number of potentially
genotoxic compounds. The studies have shown that the polymorphism of GSTM1 affects the
metabolism of xenobiotics compounds and there could be DNA adducts formation which
may lead to cancer. Various statistical studies related to GSTM1 polymorphism has been
carried out. The Meta analysis carried out by Raimondi et al., 2006 has been summarised in
Table 2.2.
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Table 2.2: Meta analysis of lung cancer associated with GSTM1 null genotype (Raimondi
et al., 2006)

No. . of Lung Cancer Patients Controls OR
studies
Total | GSTM1 Total GSTM1
Deficient (%) Deficient (%)

Total 43 7463 524 10789 50 1.17
Caucasians 20 4039 51.8 6000 50.2 1.10
Asians 12 1841 58.9 2787 53 1.33
African- 3 383 27.4 503 24.3 1.19
Americans
Mexican- 1 60 55 146 40.4 1.80
Americans
Mixed 4 785 58.1 894 56.2 1.10

In some studies deletion of GSTT1 has been associated with lung cancer risk (Yang et al.,
2013) but in some populations no association has been reported (Raimondi et al., 2006). Meta

analysis carried out by Raimondi et al., (2006) has been summarised in Table 2.3

Table 2.3: Meta- and Pooled Analysis of GSTT1 and Lung Cancer (Raimondi et al., 2006)

Authors No. Of Cases | No. Of Controls Country OR
Reszka et al., 2005 119 138 Poland 0.51
Alexandrie et al., 2004 524 530 Sweden 0.92
Belogubova et. al, 2004 167 663 Russia 0.94
Harms et al., 2004 110 119 us 1.55
Schneider et al., 2004 446 622 Germany 0.89
Sobti et al., 2004 100 76 India 1.30
Sgrensen et al., 2004 254 265 Denamrk 2.65
Dialyna et al., 2003 122 178 Greece 1.64
Ruano-Ravina et al., 2003 125 185 Spain 0.84
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Lewis et al., 2002 87 143 us 1.15
Stucker et al.,.2002 251 268 France 0.74
Hou et al., 2001 184 162 Sweden 1.06
Liu et al., 2001 1024 1176 us 0.89
Risch et al., 2001 383 346 Germany 0.63
Chan-Yeung et al., 2004 229 187 China 1.55
Wang et al., 2003 112 119 Japan 1.08
Zhao et al., 2001 223 187 Singapore 1.09
Gallegos-Arreola et al., 52 178 Mexico 5.04
2003-2004
Malats et al., 2000 122 121 Sweden, 0.62
Germany,
France, Italy,
Russia,
Rumania,
Poland, and
Brazil

Carcinogenic and toxic electrophiles are inactivated by GSTP1 by conjugation PAH found in

cigarette smoke are detoxified by GSTP. GSTP1 plays an important role in protecting cells

from cytotoxic and carcinogenic agents and is expressed in normal tissues. Exon 5 A to G

transition (lle 105 Val) results in significantly lower conjugation activity among individuals

who carry one or more copies of the G allele (lle/Val or Val/Val) compared with those who

have (lle/lle). Although, GSTP1 is the most abundant GST isoform in lung, the association

between GSTP1 polymorphisms and lung cancer are not well understood. A Meta analysis

carried out by Cote et al.,, (2008) has reported that there is no association between

polymorphism of GSTP1 and lung cancer risk. His reportings are summarized in Table 2.4.
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Table 2.4: Meta analysis on association between at least one 105 Val at GSTP1 exon5 and
lung cancer (Cote et al., 2008).

Asian Studies Case/Controls | Country | OR Val/Val & lle/Val Vs
le/lle
Wang et.al,2003 112/119 China 1.61
Liang et.al,2005 227/227 China 1.22
Kiyohara et.al,2000 62/80 Japan 1.18
Lin et.al, 2003 198/332 Japan 1.27

Different studies conducted so far in various populations to examine the role of these genes
towards individual susceptibility towards lung cancer risk has been contradictory. A few
studies done in an Indian population have also had conflicting data. It might be plausible that
gene-gene and gene-environment interactions might cause different results within the same
population strata because of different lifestyles. Apart from that sample size and different
clinico-pathological features such as histological subtypes, stage of tumor etc. might also

differ between studies.

As we know that GSTM1 and GSTT1 do play a role in the process of detoxification it would
be cogent that genetic polymorphism of these enzymes plays an important role towards host
susceptibility towards lung cancer. On the other hand there has been no strong body of
evidence to suggest that GSTP1 polymorphisms alone might play a role towards pre-

disposition towards lung cancer risk.
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CHAPTER 3

AIM OF THE STUDY

1. To investigate the role of GSTT1, GSTM1 and GSTP1 polymorphism as a genetic
modifier for risk towards lung cancer and its correlation with different clinico-

pathological features within a North Indian population.

2. To investigate whether doublet or triplet combinations of polymorphisms for GST

genes are a risk factor for lung cancer development.

3. To investigate the role of smoking as a modifier for lung cancer.
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CHAPTER 4

MATERIAL AND METHODS

4.1 Study Subjects And Sample Collection

A total of 270 Lung cancer patients were recruited for this study from the Department of
Pulmonary Medicine, Post Graduate Institute of Medical Education and Research (PGIMER)
Chandigarh, India. This study had been reviewed and approved by the Institute ethics
committee of PGIMER. Informed written consent was obtained from all participants or their
representatives. In brief, eligible cases included all patients who were newly diagnosed with
primary lung cancer. All the recruited patients were histopathologically diagnosed as having
NSCLC and SCLC. There were no age, gender, smoking, histological, or TNM stage
restrictions, but patients with a prior history of cancer were excluded from this study. During
the same time, 270 unrelated individuals with no evidence of lung or other cancer who
entered the hospital for health check-ups were enrolled as control group. Each control was
pair-matched by sex, age (£10 years) and smoking parameters to a patient with lung cancer.
These characteristics allowed us to obtain control population without any possible risk bias
for lung cancer. A detailed questionnaire was completed for each case and control by a
trained interviewer. The questionnaire included information on demographic and smoking
characteristics. Smokers reported tobacco habits such as smoking of cigarette and/or beedi (a
native cigarette like stick of coarse tobacco hand-rolled in a dry tembuhurni leaf). As an
indication of cumulative smoking exposure, pack-years were calculated by the following
formula: [(cigarettes or beedis per day / 20) X years smoked]. While medical information of
cases, including Histology, TNM classification, clinical staging, primary tumor size,
involvement of lymph node and metastasis were obtained from medical records of the

hospital. Approximately 3-5ml of venous blood was collected from each participant.

4.2 Isolation Of DNA From Blood

Isolation of DNA from peripheral blood: Genomic DNA was isolated using standard
Protein K digestion, phenol/chloroform extraction and ethanol precipitation method from
whole blood samples of both cases and controls (Barlett and White’s method).
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Requirements
e Washing buffer

e Lysis buffer

e Phenol:Chloroform:Isoamylalcohol (25:24:1)

e Chloroform:lsoamylalcohol (24:1)
e Isopropanol

e TE buffer
Procedure

Preparation of Buffers

Washing buffer, Lysis buffer and TE buffer were prepared as shown in tables below.

Table 4.1: Preparation of Washing buffer

Stock Concentration

Working Concentration

1M sucrose

320 mM sucrose

100% Triton X-100

1% Triton X-100

100mM Magnesium Chloride

5mM Magnesium Chloride

100mM Tris-HCI pH (8.0)

10mM Tris-HCI pH (8.0)

Table4.2: Preparation of lysis Buffer

Stock Concentration

Working Concentration

1M Tris HCI pH (8)

400mM Tris HCI pH (8)

10% SDS

1% SDS

0.5M EDTA

60mM EDTA




5M NaCl 150mM NaCl

10mg/ml Proteinase-K 100 pg/ml Proteinase —K

Procedure of DNA Isolation

e Took 5ml of blood and added 5ml of washing buffer and mix it thoroughly.
Centrifuged it at 3500 rpm for 5 minutes.

e Discarded the supernatant and added 5ml of washing buffer (1.6ml 1M Sucrose,0.5
ml Triton X-100, 0.25ml MgClI2, 0.5 ml 100mM Tris HCI and 0.26ml of water) to the
pellet and resuspended the pellet in the buffer and centrifuged again (repeat this step
thrice).

e Dissolved the pellet in 5ml of Lysis buffer (1 M Tris HCI 2ml1,10% SDS 0.5ml ,0.5 M
EDTA 0.6ml, 5M NaCl 0.15ml,10mg/ml Proteinase-K 0.05ml and water 1.7ml) and
incubated at 44 °C overnight.

e Added an equal volume of Phenol: chloroform: Isoamyl alcohol (PCI) 25:24:1( 2.5ml
Phenol, 2.4 ml chloroform and 0.1ml isoamyl alcohol) and mixed the contents slowly.

e Centrifuged at 8000 rpm for 10 minutes at 4°C. Took the upper aqueous layer and
again add PCI mix and centrifuged.

e Took the aqueous layer and added equal volume of Chloroform: Isoamyl alcohol
(24:1).

e Centrifuged it at 6500 rpm for 5 minutes and took the upper layer.

e To the aqueous layer added equal volume of chilled isopropanol or 2.5 times volume
of absolute ethanol and mixed it gently.

e Freeze it at -20°C for 1-2 hours.

e Centrifuged it at 12,000 rpm for 10 min at 4°C. Discarded the supernatant and washed
the pellet of DNA with chilled 70% ethanol twice at 10,000 rpm for 5 minutes.

e Decanted ethanol and air dry the pellet.

e Dissolved the pellet in 50ul-150ul Tris-EDTA buffer depending on the size of DNA
pellet (Bartlett & White, 2003).
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4.3 DNA Quantification

The nanodrop spectrophotometer holds 1pl of sample without the need of traditional
containment devices such as cuvettes and capillaries. Using fibre optic technology and
surface tension, the sample is held in place between two optical surfaces that define the path
length in vertical orientation. Removal of fixed containment devices from the system allows
the pathlenghth to change in real time for a sample. This essentially eliminates the need to
perform dilutions.

Procedure

e Pipetted 1pl of deionised water onto the lower optical surface of Nanodrop (Thermo
Scientific) to clean it

e Opened the nanodrop software and selected nucleic acid module

e Performed a blank measurement by loading 1ul of TE and selecting “blank™ from the
screen

e Measured the nucleic acid sample by loading 1pl of DNA sample and selecting
“measure”

e Concentration and purity of DNA samples were calculated automatically

DNA concentration otherwise can be calculated as:

DNA concentration (ng/ml) = O.D at 260nm X 50 X Dilution factor
Where 50pg/ml of DNA is equal to 1 O.D

Purity of DNA = O.D at 260nm/O.D at 280nm

NOTE: A ratio of ~1.8 indicates —pure for DNA; a ratio of ~2.0 is generally accepted as
pure for RNA. If the ratio is appreciably lower in either case, it may indicate the presence of
protein, phenol or other contaminants.

4.4 Resolution Of DNA Fragments On Agarose Gels

Requirements

e Electrophoresis buffer (TAE or TBE)
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e Ethidium bromide solution

e Electrophoresis-grade agarose

e 6X loading dye

e DNA molecular weight markers

e Horizontal gel electrophoresis apparatus
e Gel casting platform

e Gel combs (slot formers)

e DC power supply
Procedure
Preparing 5X TBE (1000ml)
Tris base - 54 ¢
Boric Acid - 27.5¢g
EDTA (0.5M) - 20ml
Make up final volume with water.
Preparing 6X Loading Dye (20ml)
0.25% Bromophenol blue - 0.05gm
0.25% Xylene Cyanol - 0.05gm
40% Sucrose - 8gm
Make up final volume with TE buffer.

Preparing the gel

e Prepared an adequate volume of electrophoresis buffer.

e Added the desired amount of electrophoresis-grade agarose to a volume of
electropho- resis buffer sufficient for constructing the gel. For example for genomic
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DNA 0.7% gel (0.7g agarose in 100ml 0.5X TBE) was prepared while for the PCR
products 1.7% gel (1.7g agarose in 100ml 0.5X TBE buffer) was prepared.

e Melted agarose was cooled to 55°C in a water bath before pouring onto the gel
platform. to prevent warping of the gel apparatus.

e Before pouring ethidium bromide solution was added to the electrophoresis buffer to a
final concentration of 0.3ug/ml to facilitate visualization of DNA when seen under
UV transilluminator.

e Poured the melted agarose onto gel casting apparatus between 0.5 and 1 cm thick and
inserted the gel comb, making sure that no bubbles are trapped underneath the combs
and all bubbles on the surface of the agarose were removed before the setting of the

gel.

Loading and running the gel

e After the gel got hardened, gel comb was withdrawn taking care not to tear the sample
wells.

e Placed the gel casting platform containing the set gel in the electrophoresis tank.
Added sufficient electrophoresis buffer to cover the gel until the tops of the wells are
submerged. Made sure no air pockets were trapped within the wells.

e DNA samples were prepared by mixing Spl DNA with 2ul of 6X loading dye and 2ul
water in case of genomic DNA or by mixing Sul DNA with 2ul of 6X loading dye in
case of PCR product.

e Samples were typically loaded into the wells with micropipette. Care was taken to
prevent mixing of the samples between wells.

e Appropriate DNA molecular weight marker was also loaded in case of PCR products.

e Connected the electrodes to a power pack, turned on the power, and allowed the
electrophoresis run at 60 V until the marker dyes migrated the desired distance.

e Turned off the electric power, disconnected the leads, and discarded the
electrophoresis buffer from the reservoirs

e DNA was visualized by placing the gel on a UV transilluminator (Bio Imaging
Systems) and then photographed by using Gel Doc (BIORAD).
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4.5 Multiplex Polymerase Chain Reaction (PCR) Amplification Of GSTM1
And GSTT1

Considerable time and effort can be saved by simultaneously amplifying multiple sequences
in a single reaction, a process referred to as multiplex polymerase chain reaction (PCR).
Multiplex PCR requires that primers lead to amplification of unique regions of DNA, both in
individual pairs and in combinations of many primers, under a single set of reaction
conditions. In addition, methods must be available for the analysis of each individual
amplification product from the mixture of all the products. For a successful multiplex PCR
assay, the relative concentration of the primers, concentration of the PCR buffer, balance
between the magnesium chloride and deoxynucleotide concentrations, cycling temperatures,
and amount of template DNA and Taq DNA polymerase are important. An optimal
combination of annealing temperature and buffer concentration is essential in multiplex PCR
to obtain highly specific amplification products. Magnesium chloride concentration needs
only to be proportional to the amount of dNTP, while adjusting primer concentration for each

target sequence is also essential (Markoulatos et al., 2002).

Requirements

e 10X PCR buffer

e BSA

e Forward Primer

e Reverse Primer

e dNTP‘s

e Tag DNA polymerase
o Water

e DNA sample

Note: Primer sequences need to be chosen to uniquely select for a region of DNA, avoiding
the possibility of mishybridization to a similar sequence nearby. Primers should not easily
anneal with other primers in the mixture (either other copies of same or the reverse direction

primer); this phenomenon can lead to the production of ‘primer dimer' products
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contaminating the mixture. Primers should also not anneal strongly to themselves, as internal

hairpins and loops could hinder the annealing with the template DNA.

Given below are the primers used.

GSTM1 primers:
Forward primer 5> GAA CTC CCT GAA AAG CTA AAGC3’
Reverse primer 5 GTT GGG CTC AAA TAT ACG GTGG ¥
Band size 480bp

GSTT1 primers:
Forward primer  5°-TTC CTT ACT GGT CCT CAC ATC TC 3’
Reverse primer  5°-TCA CCG GAT CAT GGC CAG CA 3’
Band size 215bp

Albumin primers:
Forward primer  5’-GCCCTCTGCT AACAAGTCCT AC-3’
Reverse primer  5’-GCC CTA AAA AGA AAATCG CCA ATC-3’
Band size 312bp

Table 4.3: Reaction mixture of multiplex PCR carried out for GSTM1 and GSTT1 (20
reactions)

Reagent Stock Concentration | Final Reaction Concentration Quantity Used
Additive 1 1000 pg/ml 100 pg/ml 33 ul
BSA
PCR Buffer 10 X 1X 33 ul
(Mg Conc.) 25mM 1.5mM total
GSTM1 10uM 0.5uM 16.50 pl
Primer
(Forward)
GSTM1 10uM 0.5uM 16.50 pl
Primer
(Reverse)
GSTT1 10uM 0.5uM 16.50 pl
Primer
(Forward)
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GSTT1 10uM 0.5 uM 16.50 pl
Primer
(Reverse)
Albumin 10pM 0.3uM 9.90 ul
Primer
(Forward)
Albumin 10pM 0.3uM 9.90 ul
Primer
(Reverse)
Taq 2.0U/ul 1.5mM 16.50 pl
Polymerase
dNTP 10mM each 0.2mM each 6.60 ul
PCR Grade 87.1ul
Water
DNA 100ng/pl 400ng 4l
Template
Table 4.4: Cycling profile of PCR for GSTT1 and GSTM1
Steps Temperature Time
1. Initial Denaturation 95°C 5min
2. Denaturation 94°C 1 min
3. Annealing 59°C 1 min
4. Polymerization 72°C 1 min
5. Final Extension 72°C 5 min

_Step 2, 3 and 4 carried out for 30 cycles.
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4.6 PCR Amplification Of GSTP1

Polymerase Chain Reaction (PCR) is a very sensitive assay in which a single DNA molecule
can be amplified, and single-copy genes can be extracted out of complex mixtures of
genomic sequences. PCR can also be utilized for rapid screening and/or sequencing of inserts

directly from aliquots of individual phage plaques or bacterial colonies.

Requirements

e 10X PCR buffer

e BSA

e Forward Primer

e Reverse Primer

o dNTP's

e Tag DNA polymerase
o Water

e DNA sample

The primers used are:

GSTP1 primers
Forward primer 5°-ACC CCA GGG CTC TAT GGG AA-3’
Reverse primer 5’-TGA GGG CAC AAG AAG CCC CT-3’
Band size 176bp

Table 4.5: Reaction mixture of PCR carried out for GSTP1 (10 reactions)

Reagent Stock Final Reaction Quantity Used
Concentration Concentration
Additive 1 BSA 1000 pg/ml 100 pg/ml 16.5 ul

PCR Buffer 10X 1X 16.5ul

(Mg Conc.) 25mM 1.5mM total
GSTP1 10uM 0.5 uM 8.25 pl
Primer

(Forward)
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GSTP1 10uM 0.5 uM 8.25 ul
Primer
(Reverse)
Taq Polymerase 2.0U/ul 1.5mM 55ul
dNTP 10mM each 0.2mM each 3.3ul
PCR Grade 84.70 ul
Water
DNA Template 100ng/pl 400ng 2ul

Table 4.6: Cycling profile of PCR for GSTP1

Steps Temperature Time
1. Initial Denaturation 95°C 5min
2. Denaturation 94°C 30 sec
3. Annealing 58°C 45 sec
4. Polymerization 72°C 45 sec
5. Final Extension 72°C 5 min

~ Step 2, 3and 4 carried out for 30 cycles

4.7 Restriction Digetsion Of GSTP1

This enzymatic technique can be used for cleaving DNA molecules at specific sites, ensuring
that all DNA fragments that contain a particular sequence have the same size; furthermore,
each fragment that contains the desired sequence has the sequence located at exactly the same

position within the fragment. The enzyme used by us was:

BsmAl: The source microorganism from which it has been islolated is Bacillus
stearothermophilus A664. BsmAl is an isoschizomer of Alw261 and BcoDI

Restriction site for the enzyme is

5°...GTCTC (N)™/....3°
3’....CAGAG(N)......5’
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Procedure

The total reaction mixture of 20ul consisted of 2.2 pul 10X NEB 4 buffer, 0.25ul (3U) of
50U/ml BsmAl enzyme (NEB), and 10ul of PCR amplified product and 7.55ul water. The
buffer used for the process was provided with the enzyme by NEB for increased activity of
enzyme. All the samples were incubated at 37°C overnight. The enzyme reaction was stopped
by keeping the samples at -20°C and the samples were loaded in 2.5% polyacrylamide gel
and the results were visualised by staining them with ethidium bromide.

4.8 Statistical Analysis

Differences in the distributions of demographic characteristics between the cases and
controls were evaluated using the Chi-square tests (x° test) for the categorical data and
student t test for continuous variables. The Hardy—Weinberg equilibrium theory
(p*+2pg+q”=1; where p is the frequency of the wild-type allele and q is the frequency of the
variant allele) was used both in cases and controls to calculate the genotype frequencies of
GSTP1 gene polymorphism using %> test. Pearson's 5° test was used to determine whether
there was any significant difference in allele and genotype frequencies between cases and
controls. To assess the risk for lung cancer and GST polymorphisms adjusted Odds Ratio
(ORs) along with 95% Confidence Intervals (CI) were calculated using logistic regression
analysis with adjustment for possible confounders (age and pack-years of smoking as
continuous variables; and gender as a nominal variable). The homozygous wild genotype AA
(lle/1le) of the GSTP1 gene was used as the reference in calculating the ORs and 95%CI. All
p values were two sided, and a p value of <0.05 was considered statistically significant. All
the statistical analyses were performed with Medcalc version 9.3.6.0 (Medcalc Software,
Ostend, Belgium) and SPSS Version 20.0. (Chicago, IL, USA).
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CHAPTER 5

RESULTS AND DISCUSSION

5.1 DNA Isolation

DNA was isolated from blood (as discussed in section 4.2) using a simple and efficient
procedure and the samples were run on 0.7% gel. This total DNA from blood samples were
used as template in PCR.

Figure 5.1: Genomic DNA isolated from peripheral blood

5.2 PCR (Multiplex) Amplification Of GSTM1 And GSTT1

In order to amplify GSTM1, GSTT1 and albumin gene suitable sets of primers were used. The
temperature cycling parameters as employed for GSTM1 and GSTT1 during PCR are given in
Table 4.4. The PCR amplified products were separated on 1.7% agarose gel containing
ethidium bromide. The DNA bands were clearly visible and distinct which indicated that the
primer combinations worked well for all the genes. Figure 5.2 shows the PCR amplified
DNA products obtained using set of primer pair specific for GSTM1, GSTT1 and Albumin.
DNA bands of 215bp 480bp, and 312bp were obtained for GSTT1, GSTM1 and Albumin

respectively.
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480bp

312bp

2150bp

Figure 5.2: PCR amplified DNA products of GSTM1 and GSTT1 gene for LC samples
Lane 1: 100 bp ladder; Lane 2 Negative control; Lane 3, 7,8 9 12: GSTT1; Lane 5:GSTM1

1T 2 34 5 A6 7 & 9010 M

Figure 5.3: PCR amplified DNA products of GSTM1 and GSTT1 gene for LCC samples
Lane 1: 100 bp ladder; Lane 2, 3, 5, 6: GSTT1; Lane 3: GSTM1, GSTT1; Lane 7: Albumin;

Lane 9: Negative control

5.3 PCR Amplification Of GSTP1

In order to amplify GSTP1 gene suitable sets of primers were used. The temperature cycling
parameters for GSTP1 as employed during PCR are given in Table 4.6. The PCR amplified

products were separated on 1.7% agarose gel containing ethidium bromide. The DNA bands
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were clearly visible and distinct which indicated that the primer combinations worked well
for the gene. Figure 5.3 shows the PCR amplified DNA products obtained using set of primer
pair specific for GSTP1.A clear and distinct band of 176bp was obtained.

100 bp ladder

176bp

Figure 5.4: PCR amplified DNA product of GSTP1 gene
Lane 1: Ladder; Lane 2-7 (176bp, GSTP1 PCR product)

5.4 Restriction Digestion Of GSTP1

PCR product of GSTP1 was digested with the restriction enzyme BsmAl. Then the digested
samples were allowed to run on 2 % polyacrylamide gel containing ethidium bromide.
Genotypic analysis was done as shown in Figure 5.4 and Figure 5.5. PCR product of 176bp
when not digested by BsmAl digested was indicative of wild type genotype (A"'"eA),
whereas the presence of two bands of 91bp and 85bp represented the mutant (GV¥V3G)
genotype and the presence of three bands of 176-bp, 91bp and 85bp band represented the
heterozygous genotype (A"®V4G)
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100bp Ladder

176bp <

91bp

85bp

Figure 5.5: PCR RFLP genotype analysis of GSTP1
Lane 1 100bp Ladder: Lane 2-6. 8: Wild Tvne: Lane 7 Heterozvaote

100bp Ladder

91bp

85bp

Figure 5.6: PCR RFLP genotype analysis of GSTP1 gene
Lane 1: Ladder Lane 2-6: Wild Type Lane 7-8: Mutant
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5.5 Epidemiology

Table 5.1: Distribution of demographic characteristics of LC cases and controls

Variable Cases, n (%) Controls, n (%) p —value
N =270 N =270
Age (years)
Mean = SD 57.39 + 10.60 53.23 +10.49 < 0.0001
Range (29 — 86) (22 - 83)
Gender
Male 235 (87.04) 233 (86.30) 0.899
Female 35 (12.96) 37 (13.70)
Smoking Status
Smokers 212 (78.51) 193 (71.48) 0.06
Non — Smokers 58 (21.49) 77 (28.51)
Pack Years
Mean + SD 34.079 + 32.13 25.42 + 20.38 0.001
Histologic Types
SQCC 115 (42.59)
ADCC 86 (31.85)
SCLC 69 (25.56)
TNM Staging
| 2 (0.75)
I 12 (4.44)
i 120 (44.44)
v 111 (41.11)
Unclassified 25 (9.26)
Tumor Size
Tl 11(4.07)
T2 32(11.86)
T3 66(24.44)
T4 120(44.44)
Unknown 41(15.19)
Lymph Node
Involvement
NO 45 (16.68)
N1 32 (11.85)
N2 93 (34.44)
N3 60 (22.22)
N4 6 (2.22)
Unknown 34 (12.59)
Metastasis
MO 131 (48.52)
M1 105 (38.89)
Unknown 34(12.59)

SD = Standard Deviation
p < 0.05 was considered statistically significant
p-values were derived from pearson Chi — square test except age; Student t-test was used for age. All p- values are two — sided.
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Characteristics of Subjects

Demographic characteristics of the study groups including age, gender, smoking status, pack
years, histological subtypes, TNM staging and other clinical parameters are shown in Table
5.1 The case-control study conducted consisted of 270 lung cancer cases and 270 controls.
The mean age of cases was 57.39+10.60 (range 29-86), whereas the mean age of all control
subjects were 53.23+ 10.49 (range 22-83). The study comprised of 235 (87.04%) males and
35 (12.96%) of females in the case group, and 233 (86.30%) males and 37 (13.70%) females
in the control group. There was no significant difference in distribution of males and females
between controls and patients suggesting adequate matching (p=0.899). In the present study,
78.51% of the cases were smokers and 21.49% were non-smokers, where as in the control
group 71.48% were smokers and 28.51% were non-smokers. Smoking came out to be a
significant risk factor for lung cancer suggesting an association between smoking and lung
cancer risk (p < 0.06). Furthermore, among the smokers numbers of pack years were
significantly higher in cases as compared to controls (34.079 + 32.13 vs 25.42 + 20.38): p <
0.001). Variables such as age, gender, smoking exposure were further adjusted for any
residual confounding effect using multivariate logistic regression analyses. Of the 270 Lung
cancer cases 115 (42.59%) were squamous cell carcinoma, 86 (31.85%) were
adenocarcinoma, 69 (25.56%) small cell carcinoma. TNM stage data was available in 245
(90.74 %) of 270 patients (Stage I: 2 (0.75%), II: 12(4.44%), I1I: 120 (44.44%), IV: 111
(41.11%). Tumor size T1 and T2 had vey less frequency of 4.07 and 11.86% whereas T3 and
T4 had a frequency of 24.44 and 44.44 %. While examining lymph node involvement, NO
had a frequency of 16.68% whereas N1, N2, N3 and N4 had frequency of 11.85, 34.44, 22.22
and 2.22% respectively. Among all the cases for which TNM data was available 48.52% of
the cases had MO= 48.52% and M1 had a frequency of 38.89%.
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5.6 Relationship Of GSTM1, GSTT1 AND GSTP1 Polymorphism With

Table 5.2a: Genotype distribution and risk of lung cancer associated with the GSTM1 and

Lung Cancer

GSTT1 genotypes
GSTM1 GSTT1
Positive Null OR* p Positive Null OR' P
(95% CI) (95% CI)
n (%) n (%) n (%) n (%)
Control | N 167 103 1t 233 37 1!
(61.86) | (38.14) (86.30) | (13.70)
Cases 270 136 134 1.65 0.005 220 50 1.4 0.15
(50.4) (49.6) | (1.16-2.3) (81.48) | (18.52) | (0.87-2.2)
SQCC | 115 63 52 1.34 0.2 102 13 0.8 0.5
(54.78) | (45.22) | (0.84-2.1) (88.70) | (11.30) | (0.4-1.61)
ADCC 86 39 47 2.0 0.006 62 24 2.32 0.006
(45.35) | (54.65) | (1.21-3.3) (72.10) | (27.90) | (1.2-4.25)
SCLC 69 34 35 1.59 0.1 55 14 1.46 0.3
(49.27) | (50.73) | (0.91-2.78) (79.71) | (20.29) | (0.7-3.05)

OR odds ratio and (95% CI) confidence interval were calculated by logistic regression and adjusted for age, gender and smoking

Table 5.2b: Genotype distribution and risk of lung cancer associated with the GSTP1

GSTP1
N le/lle lle/Val Val/Val lle/Val OR* p
Val/Val (95% CI)
n (%) n (%) n (%) n (%)
Control 270 233 32 5 1t
(86.30) (11.85) (1.85) (13.70)
Cases 270 225 40 5 1.30 0.2
(83.33) (14.82) (1.85) (16.67) (0.80-2.12)
sQcCC 115 100 14 1 0.98 0.96
(86.96) (12.17) (0.87) (13.04) (0.5-1.92)
ADCC 86 74 11 1 1.09 0.8
(86.05) (12.79) (1.16) (13.95) (0.50-2.34
SCLC 69 51 15 3 2.67 0.004
(73.91) (21.74) (4.35) (26.47) (1.34-5.32)

0OR odds ratio and (95% CI) confidence interval were calculated by logistic regression and adjusted for age, gender and smoking

37




Table 5.2a shows the genotype distribution of GSTM1 and GSTT1 genotypes and adjusted
ORs and 95% Cls for lung cancer and histological subtypes. The prevalence of GSTM1 null
genotype was represented in cases (49.6%) than in controls (8.14%) whereas that of the
GSTT1 null genotype in the cases and control was 18.52% and 13.70% respectively. The
frequency of ADCC and SCLC in case of GSTM1 null genotype was 54.65 and 50.73%.
Similarly in case of GSTT1 null genotype, the frequency for ADCC was 27.90% and for
SCLC it was 20.28%. Table 5.2b shows the distribution of GSTP1 genotypes and adjusted
ORs and 95% Cls for lung cancer as well as histological subtypes. Due to the limited number
of heterozygous and mutant alleles, we combined these genotypes for the statistical analysis
throughout the study. Previous studies have reported that GSTM1 null genotype is associated
with lung cancer but GSTT1 and GSTP1 genotypes are not related with lung cancer risk
(Houlsten et al., 1988; Harris et al., 1988). In our studies GSTM1 null genotype also showed
an elevated risk for lung cancer (OR= 1.65, 95%CI=1.16-2.3, p=0.005) but neither GSTT1
null genotype (OR=1.4, 95% CI1=0.87-2.26, p=0.15) nor the genotypes of GSTP1 showed
increased risk for overall lung cancer (data not shown for GSTP1) but when analysis was
done for histological subtypes, GSTT1 and GSTM1 null genotypes showed a significant risk
for developing ADCC when compared with the controls (OR=2.32, 95%CI| =1.27-4.25,
p=0.006) and GSTP1 (lle/vVal + Val/Val) genotype showed a significant risk for SCLC
(OR=2.67, 95%CI =1.34-5.32, p=0.004). GSTM1 null genotype was also found to be
statistical significant for ADCC (OR=2, 95%Cl =1.21-3.3, p=0.006).
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5.7: Relationship Between Genotypic Combinations Of GSTT1, GSTM1 and
GSTP1 With Lung Cancer

Table 5.3: Distribution of genotype combinations of GSTM1 and GSTT1 and risk of
occurrence of lung cancer associated with the genotypic combinations

Genotype combination Control Cases OR p
n (%) n (%) (95% CI)

N=270 N=270

GSTM1 GSTT1

Positive Positive 145 109 1t
(53.70) (40.37)

Null Null 15 109 2.26 0.02
(5.55) (40.37) (1.1-4.6)

Positive Null 22 27 151 0.20
(8.15) (10) (0.79-2.87)

Null Positive 88 111 1.70 0.005

(32.60) | (41.11) (0.16-2.50)

OR odds ratio and (95% CI) confidence interval were calculated by logistic regression and adjusted for age, gender and smoking
*Comparison between GSTM1 (+)/GSTT1 (+) and the other combined genotypes of GSTM1/GSTT1 in relation to lung cancer.

Table 5.4: Distribution of genotype combinations of GSTM1, GSTP1 and risk of occurrence

of lung cancer associated with the genotypic combinations

Genotype combination Control Cases OR p
n (%) n (%) (95% CI)
N=270 N=270
GSTM1 GSTP1
Positive lle/lle 148 109 1t
(54.81) (40.37)
Null lle/Val+Val/Val 18 18 1.54 0.24
(6.67) (6.67) (0.74-3.21)
Null lle/lle 85 116 1.97 0.0004
(31.48) (42.96 (1.34-2.90)
Positive lle/Val+Val/Val 19 27 2.14 0.02
(7.04) (10) (1.1-4.19)

OR odds ratio and (95% CI) confidence interval were calculated by logistic regression and adjusted for age, gender and smoking
"Comparison between GSTM1 (+)/GSTP1 (lle/lle) and the other combined genotypes of GSTM1/GSTP1 in relation to lung cancer.
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Table 5.5: Distribution of genotype combinations of GSTM1 GSTP1, GSTT1 and risk of

occurrence of lung cancer associated with these genotypic combinations

Genotype combination Control Cases OR p
n (%) n (%) (95% CI)

N=270 N=270

GSTT1 GSTP1

Positive lle/lle 201 184 1!
(74.44) (68.2)
Null lle/Val+Val/Val 5 11 2.3 0.13
(1.9) (4.08) (0.76-6.92)
Positive lle/Val+Val/Val 32 36 1.18 0.52
(11.85) (13.33) (0.69-2.02)
Null le/lle 32 39 4.14 0.0001
(11.85) (14.44) (2.01-8.51)
GSTM1 GSTT1 GSTP1
Positive Positive le/lle 128 87 1
(47.41) (32.22)
Null Null lle/Val 3 4 1.73 0.49
Val/Val (1.12) (1.48) (0.35-8.4)

OR odds ratio and (95% CI) confidence interval were calculated by logistic regression and adjusted for age, gender and smoking
YComparison between GSTT1 (+)/GSTP1 (+) and the other combined genotypes of GSTT1/GSTP1 in relation to lung cancer.
“Comparison between GSTM1 (+)/GSTT1 (+) GSTP1 (+) and the other combined genotypes of GSTM1/GSTT1/GSTP1 in relation to lung

cancer

Examining the frequencies of GSTM1/GSTT1 genotypic combinations, it was seen that he
occurrence of genotypic combinations of GSTM1/GSTT1 was more in cases as compared to
controls (GSTM1null/GSTT1null, GSTM1positive/GSTT1null and GSTM1null/GSTT1
positive; 40.3%, 10% and 41.11% respectively and for controls 5.55%, 8.15% and 32.60%
respectively). Whereas GSTM1 positive/GSTT1 positive genotypic combination was more in
controls (53.70%) as compared to cases (40.37%). The reference for all the combinations of
GSTM1/GSTT1 was GSTM1 (+)/GSTT1 (+).The null genotypes of GSTM1 and GSTTL1 in

combination represented an increased risk towards lung cancer as shown in Table 5.3.

We had taken three different combinations of GSTM1/GSTP1 genotypes along with the
reference GSTM1 (+)/GSTP1 (lle/lle) for further studies, Table 5.4. A twofold increased risk
for lung cancer was seen in combination of GSTM1 null/GSTT1 null (OR=2.26, CI=1.1-4.6,
p=0.02) and further another combination i.e. GSTM1 positive/GSTP1 (lle/Val+Val/Val)
showed an elevated risk for lung cancer with OR=2.14, CI=1.1-4.19 and statistically
significant p value of 0.02.
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The relevance of different combinations of GSTT1 and GSTP1 genotypes with lung cancer
has been shown in Table 5.5.Taking GSTT1 (+)/GSTP1 (lle/lle) as reference for all the
combinations of GSTT1/GSTP1. When all the combinations were analysed statistically after

adjusting age, sex and smoking, only the combination of GSTT1 (-)/GSTP1(lle/lle) was

found to be significantly associated with overall lung cancer with an enhanced risk of four

fold with the p value of 0.0001 which is statistically significant. The combinations of three

genotypes (GSTM1, GSTT1 and GSTP1) altogether did not show any relevance with lung

cancer as is evident from the Table 5.5

5.8:Association Of Lung Cancer Related To Combination Of GST

Genotypes According To Histological Subtype

Table 5.6: Genotype distribution of GSTM1/GSTT1 combinations and risk of lung cancer
subtypes associated with it

Genotype combination | Control | ADCC | OR p SCLC |OR P
N=270 (95% CI) (95% CI)
GSTM1 GSTT1
Positive Positive 145 26 1t 27 1
(39.13)
Null Null 15 11 4.09 0.002 6 2.87 0.06
(1.10-10.2) (8.7) (0.9-8.8)
Positive Null 22 13 3.4 0.003 7 1.71 0.2
(1.47-7.81) (10.14) | (0.63-4.62)
Null Positive 88 36 24 0.003 29 1.67 0.09
(1.34-4.32) (42.03) | (0.91-3.08)
OR odds ratio and (95% CI) confidence interval were calculated by logistic regression and adjusted for age, gender and smoking
Comparison between GSTM1 (+)/GSTT1 (+) and the other combined genotypes of GSTM1/GSTT1 in relation to lung cancer types
Table 5.7 Genotype distribution of GSTM1/GSTP1 combinations and risk of lung cancer
subtypes associated with it
Genotype combination | Control | ADCC | OR p SCLC |OR P
N=270 (95% CI) (95% CI)
GSTM1 GSTP1
Positive le/lle 148 33 1t 26
Null lle/Val 18 5 14 0.55 10 3.77 0.00
val/Val (0.46-4.25) (1.43-9.94) | 7
Null le/lle 85 42 24 0.001 25 1.54 0.10
(1.41-4.21) (0.80-2.95)
Positive lle/Val 19 6 1.27 0.65 8 3.47 0.01
val/Val (0.43-3.7) (1.26-9.58)

OR odds ratio and (95% CI) confidence interval were calculated by logistic regression and adjusted for age, gender and smoking
'Comparison between GSTM1 (+)/GSTP1 (+) and the other combined genotypes of GSTM1/GSTP1 in relation to lung cancer types
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Table 5.8: Genotype distribution of GSTM1/GSTT1/ GSTP1 combination and risk of lung
cancer subtypes associated with it

Genotypic combinations Control ADCC OR p
N=270 (95% CI)
GSTM1 GSTT1 GSTP1
Positive  Positive lle/lle 128 22 1
Null Null le/lle 3 3 5.0 0.07
Val/Val (0.86-29.3)

OR odds ratio and (95% CI) confidence interval were calculated by logistic regression and adjusted for age, gender and smoking
YComparison between GSTM1 (+)/GSTT1 (+) GSTP1 (lle/lle) and the other combined genotypes of GSTM1/GSTT1 in relation to lung
cancer types

When subgroups were examined in combinations according to various histological subtypes
of lung cancer we found association for adenocarcinoma and SCLC. Statistical significant
association was observed when GSTM1 null and GSTT1 null genotypes were analysed
separately with the risk of developing ADCC (Table 5.6) but more pronounced effect of four
times was seen when these genotypes were conjointly analysed for ADCC risk. A
significant increased risk for ADCC was also evident for the genotypic combination of
GSTM1 positive and GSTT1 null (OR=3.4, 95% ClI=1.47-7.81, p=0.003), GSTM1 null and
GSTT1 positive (OR=2.4, 95% Cl=1.34-4.32, p=0.03), GSTM1 null and GSTP1 lle/lle
(OR=2.4, 95% CIl=1.41-4.21, p=0.001), GSTM1 null, GSTT1 null and GSTP1
lle/vVal+Val/Val (OR=5.0, 95% CI1=0.86-29.3, p=0.07). The adjusted OR for the ADCC was
found to be most significant for GSTM1 null/GSTT null genotypic combination. Although no
statistically significant associations were found between the separate GSTM1 and GSTT1
polymorphisms and overall SCLC risk (Table 5.6), the combination of the GSTM1 null
genotype and GSTT1 null genotype was significantly related to SCLC, risk being elevated
2.87 times as compared to the combined GSTM1 present genotype and GSTT1 present
genotype. On further examination the other genotypic combinations that were showing
increased risk for SCLC were GSTML1 null and GSTP1 lle/lle (OR=1.67, 95% CI1=0.91-3.08,
p=0.09), GSTM1 null and GSTP1 lle/Val+ Val/Val (OR=3.77, 95% CI=1.43-9.94, p=0.007)
as well as GSTM1 positive and GSTP1 lle/Val+Val/val (OR=3.47, 95% CIl=1.26-9.58,
p=0.01).
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5.9 Effects Of Smoking Status On The Association Between GST Gene
Polymorphisms And Lung Cancer Risk

Table 5.9: Interaction of GSTM1 genotype and tobacco smoking on the overall risk of lung
cancer

Smoking Genotype Cases N Controls N OR P
(%) Cases (%) Control (95%Cl)
GSTM1
Non smokers |  Positive 24 58 54 77 1!
(41.37) (70.12)
Non smokers Null 34 23 3.03 0.002
(58.62) (29.87) (1.48-6.39)
Smokers Positive 112 212 11 193 1°
(52.83) (58.54)
Smokers Null 100 80 1.27 0.2355
(47.16) (41.45) (0.851.91)
Light smokers |  Positive 44 97 61 110 1°
PY<25 (45.36) (55.45)
Light smokers Null 53 49 1.43 0.2
PY<25 (54.63) (44.54) (0.81-2.5)
Heavy Positive 68 115 52 83 1°
Smokers (59.13) (62.65)
PY>=25
Heavy Null 47 31 1.17 0.5
Smokers (40.87) (37.34) (0.64-2.1)
PY>=25

10Rs and 95% Cls were calculated by logistic regression analysis with the GSTM1 (+) genotype as the reference group for non smokers and
adjusted for age and gender.

%0ORs and 95% Cls were calculated by logistic regression analysis with the GSTM1 (+) genotype as the reference group for smokers and
adjusted for age and gender.

'ORs and 95% Cls were calculated by logistic regression analysis with the GSTM1 (+) genotype as the reference group for Light smokers
and adjusted for age and gender.

'ORs and 95% Cls were calculated by logistic regression analysis with the GSTM1 (+) genotype as the reference group for Heavy smokers
and adjusted for age and gender.
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Table 5.10: Interaction of GSTT1 genotype and tobacco smoking on the overall risk of lung

cancer
Smoking Genotype Cases N Controls N OR P
(%) Cases (%) Control (95%Cl)
GSTT1
Non smokers Positive 47 58 64 77 1t
(81.03) (83.12)
Non smokers Null 11 13 2.18 0.1
(18.96) (16.88) (0.84-5.66)
Smokers Positive 173 212 169 193 1°
(81.60) (87.56)
Smokers Null 39 24 1.46 0.18
(18.39) (12.44) (0.83-2.11)
Light smokers |  Positive 78 97 97 110 1°
PY<25 (80.41) (88.18)
Light smokers Null 19 13 1.65 0.2
PY<25 (19.58) (11.82) (0.75-3.62)
Heavy Positive 95 115 72 83 1°
Smokers (82.60) (86.75)
PY>=25
Heavy Null 20 11 1.3 0.5
Smokers (17.39) (13.25) (0.56-2.98)
PY>=25

10Rs and 95% Cls were calculated by logistic regression analysis with the GSTT1 (+) genotype as the reference group for non smokers and
adjusted for age and gender.
%0ORs and 95% Cls were calculated by logistic regression analysis with the GSTT1 (+) genotype as the reference group for smokers and
adjusted for age and gender.
'ORs and 95% Cls were calculated by logistic regression analysis with the GSTT1 (+) genotype as the reference group for Light smokers
and adjusted for age and gender.
'ORs and 95% Cls were calculated by logistic regression analysis with the GSTT1 (+) genotype as the reference group for Heavy smokers
and adjusted for age and gender.
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Table 5.11: Interaction of GSTP1 genotypes and tobacco smoking on the overall risk of lung
cancer

GSTP1 | Non OR p | Smokers OR p
Smokers (95%Cl) (95%Cl)
Cases Controls Cases Controls
% % % %
lle/lle | 46 64 1 179 169 1°
(79.31) | (83.12) (84.43) | (87.56)
lle/Val, | 12 13 1.5 0.4 |33 24 1.23 0.4
Val/Val | (20.69) | (16.88) | (0.56-4.0) (15.57) | (12.44) | (0.69-2.21

'ORs and 95% Cls were calculated by logistic regression analysis with the GSTP1 lle/lle genotype as the reference group for non smokers
and adjusted for age and gender.

20ORs and 95% Cls were calculated by logistic regression analysis with the GSTP1 lle/lle genotype as the  reference group for smokers and
adjusted for age and gender.

Table 5.12: Odds ratio for risk of lung cancer and GSTP1 genotype by smoking status,
adjusted for age, sex, pack years of smoking.

GSTP1 | Light PY<25 OR P Heavy PY>=25 | OR p
Smokers (95%ClI) Smokers (95%CI)
Cases Controls Cases Controls
% % % %
lle/lle | 82 94 1! 95 75 1!
(84.54) (85.45) (82.61) (90.36)
lle/val, | 15 16 0.93 0.86 |20 8 1.66 0.26
Val/Val | (15.46) | (14.55) (0.4-2.0) (17.39) (9.64) (0.67-4.1)

'ORs and 95% Cls were calculated by logistic regression analysis with the GSTP1 lle/lle genotype as the reference group for Light smokers
and adjusted for age and gender.

'ORs and 95% Cls were calculated by logistic regression analysis with the GSTP1 lle/lle genotype as the reference group for Heavy
smokers and adjusted for age and gender.
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Results of assessment of interactions between GST polymorphism and smoking status are
summarized in Table 5.9, 5.10, 5.11 and 5.12. In this case control study of 540 subjects, there
were 58 non smokers in cases and 77 in controls. 58.62% prevalence of GSTM1 null
genotype was found in cases. It was determined that the non smokers having GSTM1 null
genotype were more prone to lung cancer (OR=3.03, 95% CI=1.48-6.39, p=0.002). It is
evident from Table 5.2a the proportion of GSTT1 null genotype is very less in cases. The
GSTT1 null genotype showed two times increased risk of lung cancer but this was not
statistically significant. Smokers were further stratified into light and heavy smokers. Heavy
smokers having packyears>=25 and light smokers having packyears<25. Both the heavy
smokers and light smokers having genotype GSTML1 null and GSTT1 null were identified to
be statistically insignificant for the risk of lung cancer. However a decreasing trend was
observed in GSTT1 null genotype where non smokers having OR=2.18, 95% CI=0.84-5.66,
p=0.1, light smokers having OR=1.65, 95% CIl= 0.75-3.62, p=0.2 and heavy smokers having
OR=1.3, 95% CI1=0.56-2.98, p=0.18. In case of GSTP1, no association was observed between

smoking and lung cancer in any of the GSTP1 genotypes.

Though tobacco smoking is considered to be the major risk factor in the etiology of lung
cancer but epidemiologic studies have shown that genetic variability can play a vital role in
inducing different responses to carcinogens and thus can alter the susceptibility for
developing lung cancer. Phase Il drug metabolising enzymes are considered to be partly
accountable for the individual differences in genetic susceptibility. Polymorphism of GSTs
has been widely studied for their correlation with lung cancer in various ethnic populations
(Stephanie et al., 2000; Kiyohara et al., 2000; Yeunga et al., 2004) but there have been
inconsistency in the results and that may be due to the fact that the studies are being carried
out in different populations with different heredity backgrounds and lifestyle or habits (e.g.
smoking). In a decade lung cancer cases have increased remarkably in the North Indian
population and this might be due to changed lifestyle, habits and increase in environmental
pollution (air pollution). So, our study was based on finding out the correlation between the
GST polymorphism and the lung cancer susceptibility in the North Indian population with
greater sample size and compared the data with the results of studies performed on different
populations.

Studies conducted earlier demonstrated that the null genotype of GSTM1 and GSTT1 had no
statistical significant association with lung cancer (Sobti et al., 2004) whereas we had
contradictory results for GSTM1 showing 1.65 fold increased risk for lung cancer but GSTT1
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showed no statistical significance towards lung cancer which is consistent with the earlier
studies carried out (Schneider et al., 2004; Stewart et al., 2003). Our findings related to
GSTML1 studies is consistent with the Meta analysis carried out by Benhamou et al., 2002.The
distribution of allelic frequencies of GSTP1 in the North Indian population was contradictory
to the studies carried out by Bid et al., 2010. There is not much information on the role of
GSTP1 in lung cancer. It is found to be abundant in lungs (Kiyohara et al., 2000) and also
detoxify inhaled carcinogens. The data here reported for GSTP1 genotypic frequencies did
not show any significant association with lung cancer. It was suggested that the exon 5
polymorphism of GSTP1 did not increase the risk of lung cancer; a Meta analysis by Xu CH
et al., 2014. In India, lung adenocarcinoma has been increasing over the last few decades.
Our data suggests that the patients with ADCC showed an increased frequency of GSTM1
null genotype. Moreover GSTM1 null genotype had two fold increased risk for ADCC and
this result is similar to the one reported by Sunaga et al., 2002 and Stewart et al., 2003.We
have found a significant association of ADCC with GSTT1 null genotype although Wang et
al., 2003 did not find any association; Wang et al., 2003 and Sunaga et al., 2002, found a
significant increase in lung cancer risk with GSTT1 null genotype. Thus our results are in line
with Wang et al., 2003 and Sunaga et al., 2002. Our study was unable to identify a statistical
significant association between GSTM1 null, GSTT1 null and SQCC risk. But Wang et al.,
2003, did show an association between GSTT1 null genotype and SQCC in Han population in
China. Also for GSTM1 our results were not in line with the one reported by Sobti et al.,
2004. We found statistically significant increase in developing SCLC with GSTP1 exon 5
polymorphism. There is another report (Stucker et al., 2004) which shows remarkable risk of
3.6 fold for SCLC in relation to GSTP1.

Various investigators have emphasised on finding out the link between genotypic
combinations and lung cancer susceptibility. Few studies have suggested that individuals with
more than one defective genotype in GST genes are at higher risk of lung cancer than the one
with single gene defect (el-Zein et al., 1997; Saarikoski et al., 1998). It may be possible to
correlate lung cancer susceptibility and polymorphisms in a better way when simultaneous
analysis of polymorphisms would be done (Ada et al., 2010). So, we included combined
investigation of GSTM1, GSTT1 and GSTP1genotypes. Our results reported that the subjects
who were having lacking both genes GSTM1 and GSTT1 were at higher risk of lung cancer
which is in concordance with the studies carried out by Saarikoski et al., 1998 . We also
found that the combination of GSTP1 variant with GSTM1 null or GSTML1 positive, and the
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combination of GSTP1 variant with GSTT1 null genotypes had a remarkable increased risk of
lung cancer overall. Although in our studies GSTT1 alone did not show any significant
association but conjointly with GSTP1 variant had an increased risk of 4 times to lung
cancer. There are similar studies which have found same results as ours like that carried out
by Sorensen et al., 2007 and Sreeja et al., 2008 whereas Ahmet et al., 2012, Sobti et al.,
2008 and Yang et al., 2007 did not find such association. Different substrates are present in
tobacco smoke and other environmental inhalations and to detoxify them different GSTs are
involved. Thus we can say that analysing GST polymorphism in combination is beneficial as

it is evident from our studies too.

The combinations of GSTM1/GSTP1 and GSTT1/GSTP1 showed increased risk for SCLC as
well as adenocarcinoma. ORs for adenocarcinoma were particularly high when one of the
genotype was null in GSTM1 and GSTT1 combination. None of the combinations revealed
any association with SQCC. The same results have been obtained by Isabelle Stucker et al.,
2002. And our results are in complete contradiction to the one obtained by Sobti et al., 2008
and Saarikoski et al., 1988.Though GSTM1, GSTT1 and GSTP1 separately did not show an
increased risk to overall lung cancer but deficit genotypes of GSTM1, GSTT1 in combination
with exon 5 polymorphism (GSTP1 lle/Val, Val/Val) showed an elevated risk of 5 fold to
adenocarcinoma. There is less information available till date associated with triple

combinations of GSTs and their relation with histological subtypes of lung cancer.

It has been noted that gene-environment interactions are also playing a major role in altering
lung cancer susceptibility. The effect was seen in the subjects who were tobacco smokers and
in our case prevalence of bidi smokers was seen. Bidis are more carcinogenic than cigarettes.
We collected the detailed information related to smoking habits and further stratified smokers
into heavy (pack years >=25) and light smokers (pack year<25). Risk associated with level of
exposure to smoke and GST polymorphism is yet unclear; some reported association between
higher level of exposure (Cote et al., 2005) and some showed no association between
smoking and lung cancer (Wang et al., 2003). Our findings did not suggest any strong
relationship between smoking and GSTT1 null, GSTM1 null genotypes. Infact GSTP1 exon 5
polymorphism also did not have any relation between smokers and lung cancer. When the
GSTM1null genotype was considered for non smokers we had 3 fold increased risk to lung

cancer.
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There is a lot of ambiguity in the studies done in relation to find out the effect of GST genes
on lung cancer and as a solution we need to have ample sample size in order to find out the
small effects. The major strength of our study is that we studied the three major GST
enzymes in a large population reporting their frequencies separately as well as in
combinations. Further, we examined the relationship between genotype combinations and
lung cancer and also specifically studied the link between the genotypic combinations of all
the three major GSTs and the histological subtypes of lung cancer. We have also analysed the

effect of smoking on lung cancer.
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CHAPTER 6

CONCLUSION

The present case/control study pertains to patients visiting the Post Graduate Institute of
Medical Education and Research, which is a referral center for patients from states like
Haryana, Himachal Pradesh, Punjab, Uttar Pradesh, Jammu & Kashmir and Chandigarh. The
following points are evident from the present study

e GSTM1 null genotype was significantly associated with the overall lung cancer
whereas genotypes of GSTT1 and GSTP1 did not reveal any association when

analysed separately

e However in doublet combinations of GSTM1, GSTT1 and GSTP1, an association was

seen with overall lung cancer
e The combinations of GSTs showed an elevated risk for ADCC and SCLC
e The null genotype of GSTM1 and GSTT1 showed an elevated risk for ADCC

e Significant association was found between non-smokers and null genotype of GSTM1

indicating elevated risk of lung cancer among non-smokers

e There was no relationship between triplet combinations of GSTs and overall lung

cancer

e However, GSTM1 null/GSTT1 null/GSTP1(heterozygous) combination had an
increased risk for ADCC

In conclusion, this case-control study provides evidence that GSTM1 polymorphism is
associated with a significantly increased risk of lung cancer. Moreover, doublet and triplet
combinations of GST genes showed remarkable risk for lung cancer. The combination of
these variants can be considered as biomarkers for lung cancer thus our present work despite

the limitation of small sample size will provide guidelines for future work.
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APPENDIX

0.5M EDTA: Dissolved 9.306g of disodium salt of EDTA in 20ml of deionised water,
and then adjusted the pH to 8.0 by 1 M sodium hydroxide. Sterilized the solution by

autoclaving.
10% SDS: Dissolved 1g of SDS in 10ml of deionised water.

100mM Tris-Cl (pH 8.0): Dissolved 0.32g of Tris-Cl in 10 ml of deionised water,
then adjusted the pH to 8.0 by 1M sodium hydroxide. Sterilized the solution by

autoclaving.

10mg/ml Proteinase K: Dissolved 10mg Proteinase K in 1ml of double distilled water.
Sterilized the solution by autoclaving.

1mg/ml BSA: Dissolved 100mg of BSA in 100ml of deionised sterile water and kept
at 4 C overnight.

5M Sodium chloride (NaCl): Dissolved 5.85¢g of sodium chloride in 20ml of

deionised water. Sterilized the solution by autoclaving.

5X TBE buffer: Dissolved 54g of Tris base and 27.5g of boric acid in 980ml of
double distilled water and then added 20ml of 0.5 EDTA. Sterilized the solution by

autoclaving.

Ethidium Bromide (10mg/ml): Dissolved 1g of ethidium bromide in 200ml of water.
Mixed the solution properly.

Magnesium chloride (MgCl2) (100mM): Dissolved 0.41gms of MgCI2 in 20ml of

deionised water and sterilized by autoclaving.

Sucrose (1M): Dissolved 3.41 g of sucrose in 10 ml of deionised water and sterilized

by autoclaving.

TE buffer (pH 8.0): Added 1ml of 1200mM Tris-CI (pH 8.0) and 200 pl of 0.5M
EDTA solution to 8.8 ml of deioinsed water. Sterilized the solution by autoclaving.

Triton X- 100 (10%): Took 100 pl of TritonX-100 and mixed with 900 pl of deionised

water and mixed properly.
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