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Genetic Polymorphisms in Lung Cancer Susceptibility between Palestinian
Population (Gaza Strip)
Abstract:
Lung cancer is a leading cause of cancer-related deaths throughout the world.

Recent GWAS and consecutive validation supported that SNPs in the 15q25,

5p15.33 and 6p22 regions showed significant association with lung cancer risk in

multiple populations. Therefore, in this study six SNPs in three genomic regions

were investigated because of their already established involvement in different

populations. The relationship between these SNPs and smoking has been

investigated.

Methods:
The SNPs rs16969968, rs1051730, rs402710, rs2736100, rs9295740 and

rs4324798 were genotyped in a case-control study with 30 cancer cases and 60

age- and gender-matched cancer-free controls, all from Palestinian population of

Gaza strip. Whole blood samples were collected from all subjects and relevant

personal and clinical data was also collected from the participants and/or their

medical record. Gene polymorphisms at the specified SNPs were determined by

allele specific PCR and RFLP-PCR methodology.

Results:
The SNP rs16969968 G>A allele and rs1051730 C>T allele were found

significantly related to lung cancer risk (P-value = 0.022, OR= 3.23; 0.001,

OR=3.05 respectively). The allelic frequencies for the susceptibility alleles of

rs16969968 and rs1051730 were higher in the cases than in the controls (36.7%

vs 23.3% and 46.7 vs 22.5% respectively). Homo- and heterozygote nicotine

consuming individuals have higher rate of cigarettes consumption in case of

rs16969968 G>A (40.0±15.81 and 36.04±12.2 CPD compared to the wild type P-

Value=0.006), and in case of rs1051730 C>T (39.17±15.62 and 33.00±10.36

CPD P-Value=0.015). The rs402710 has significant relation with lung cancer

susceptibility (P-Value =0.015, OR= 3.00) between cases and controls. However,

No statistically significant differences could be found in the distribution of

rs402710 SNP between smoker control and smoker cases (P-value = 0.621). In
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addition, rs402710 T allele can be considered as risk allele for NSCLC. The

rs2736100 was also associated with risk of lung cancer (P=0.044, OR= 4.33) and

the frequency of the risk allele between cases and controls was 35% vs 18.3%

respectively. However, it didn’t have correlation with smoking quantity (P- value =

0.269). Also, the rs9295740 distribution for the risk allele among case (30.0%)

and control (15.0%) is not statistically significant (P-value = 0.075), but between

the smoker cases and smoker controls is statistically significant (P-value =

0.016), so it may be risk factor for lung cancer between smokers. The allele

frequency for rs4324798 was 20% in controls and 0.0% in cases, so it may have

a role in protection from lung cancer.

Conclusion:
Our findings provide further evidence supporting the genetic variants in 15q25,

5p15.33 and 6p22 regions associated with the risk of lung cancer. Smoking and

lung infections are important triggers for lung cancer. Further studies with larger

cohorts of Palestinian lung cancer patients are recommended to extend the

outcomes of this study.
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قطاع غزةخطورة التنوع الجیني لدى مرضى سرطان الرئة في 

ملخص الدراسة:

دراساتعملتوقد م.العالالسرطان في جمیع أنحاءبللوفیات المرتبطةهو السبب الرئیسيسرطان الرئة

تظهر 6p22و15q25 ،5p15.33الثلاث الكروموسوماتمناطقأنالتحقق من صحة الجینوم على رابطة

لذلك تم تصمیم هذه الدراسة للتحقق من ستة اشكال من .مختلفةفي عدة مجتمعاتسرطان الرئةمعاكبیر ا ارتباط

خین وسرطان الرئة. دثة مناطق من الجینوم البشري، حیث انه تم اثبات علاقة بعضها بالتفي ثلاالنیوكلوتاید

الطریقة:

،  rs16969968 ،rs1051730 ،rs402710النیوكلوتایدتةستحدید الأنماط الجینیة لتم 

rs2736100 ،rs9295740وrs4324798سرطانعینة من مرضى30معالحالات والشواهدفي دراسة

حیث تم جمع .من قطاع غزةفلسطینیینسرطان الرئة كعینة ضابطة للدراسة بینخالیة منعینة60و رئة ال

السجلاتمن أوالمرضىمنالصلةذاتوالسریریةالشخصیةالبیاناتعینات الدم من المرضى بالاضافة الى جمع 

..AS-PCRأو -RFLPالأنماط الجینیة عن طریق تم تحدیدكما بهمالخاصةالطبیة

النتائج:

خطر مععلاقة كبیرةلهاrs1051730(15q25)وrs16969968ل الأنماط الجینیةوجدنا ان 

ومعدل خطورة= 0.001؛ قیمة احتمال= 3.23ومعدل خطورة= 0.022(قیمة احتمال= الرئةالاصابة بسرطان

الخطر كانت مرتفعة بین مرضى سرطان الرئة علاوة على ذلك، وجدت ان نسبة النمط الجیني على التوالي،)3.05

الأنماط الجینیةكما ظهر ان بالترتب، %)22.5% و 23.3%) عنها في العینات الضابطة (46.7% و 36.7(

39.17، )0.006(قیمة احتمال =15.81±40.0للسجائراستهلاكأعلى معدللدیهاالخطرة   ± (قیمة 15.62

.على التوالي)0.015احتمال =

و 0.015(قیمة احتمال= علاقة مع زیادة خطر الاصابة بسرطان الرئةفلدیهاrs402710بالنسبة لماا

)، كما لوحظ ان النمط 0.621ولكن لم یتم ایجاد علاقة لها مع التدخین (قیمة احتمال= ، )3.00معدل خطورة= 

علاقة ذات دلالة لدیهاrs2736100. كما وجد ان NSCLCالجیني السئ یرتبط بنوع معین من سرطان الرئة 



VII

ولا توجد )4.33و معدل خطورة= 0.044انها تزید من خطر الاصابة بسرطان الرئة (قیمة احتمال= إحصائیة

المرضیة الحالاتبین، كما أن نسبة النمط الجیني الخطر )0.269لدیها علاقة مع كمیة التدخین (قیمة احتمال= 

خطر معهارتباطفrs9295740النمط الجیني لأما .)%18.3طة (%) مقارنة بالعینات الضاب35عالیة (

المرضى بین ) مع العلم ان نسبة النمط الجیني الخطیر 0.075غیر مقبول (قیمة احتمال= سرطان الرئةالاصابة ب

بین المدخنین rs9295740ل%)، لكن یعتبر النمط الجیني الخطیر 15%) أعله منه بین العینات الضابطة (30(

كان على rs4324798النمط الجیني لبینما .)0.016مل لزیادة خطر الاصابة بسرطان الرئة (قیم احتمال= عا

%) مقابل ولا حالة من الحالات المرضیة، لذلك انه من 20النقیض، حیث كانت نسبة تواجده في العینات الضابطة (

المتوقع أن یكون له دور في الحمایة من سرطان الرئة.

:لاستنتاجا

المناطقفيالجینیة الأدلة المؤیدة  لارتباط الأنماطمزیدا منالنتائج التي توصلنا إلیهاتظهر
15q25،5p15.336وp22أن إلا، الرئةبخطر الإصابة بسرطانrs4324798 یجب أن تكون قید المزید من
.الرئة بین الفلسطینیینخطر الاصابة بسرطاندورها فيلتأكیدالدراسات
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GENETIC TERMS GLOSSARY

Allele Alternate forms of a gene or a specific variant/base at a
particular locus in the genome that differ in DNA sequence.

Candidate gene
A gene believed to be involved in a complex trait or disease
based on known biological and/or physiological properties of
its products or its location near a region of association or
linkage.

Complex traits A trait that is influenced by multiple genes, environmental
factors and the interaction between them.

Copy number variant
(CNV)

A form of structural variation of the DNA where stretches of
genomic sequence (1kb 3Mb in size) are deleted or
duplicated in varying numbers.

Deoxyribonucleic
acid (DNA)

A double helix molecule consisting of 4 bases; Adenine (A),
Thymine (T), Guanine (G) and Cytosine (C), together,
forming the molecular basis of the genome.

Gene

Traditionally, the basic physical unit of heredity; a sequence
of DNA that gives the coding instructions for the synthesis of
RNA. The human genome contains approximately 25,000
genes distributed on 23 pairs of chromosomes.
New research from the ENCODE project show that about
75% of the genome is transcribed at some point in some
cells, and that genes are highly interlaced with overlapping
transcripts that are synthesized from both DNA strands.

Genetic code
The set of rules by which information encoded in genetic
material (DNA or mRNA sequences) is translated into amino
acid sequences. A specific sequence of three nucleotides, a
codon, determines the amino acid.

Genetic variation Variation in alleles of genes, both within and among
populations. Provides the “raw material” for natural selection

Genome The total of an individual organism’s entire genetic material.

Genome wide
association studies

The study of genetic variation across the entire genome
aimed at identifying genetic variation associated with a
complex disease or trait.

Genomics

Genomics is a discipline in genetics concerning the study of
the genomes of organisms. Traditionally genomics concerns
everything that has to do with DNA. A broader definition is
used by the United States Environmental Protection
Agency, to also include mRNA and proteins.

Genotype
The combination of alleles on corresponding loci in the two
copies of the chromosomes. When two sequence
alternatives exist at a given locus, e.g. A and G 3 different
genotypes are possible, AA and GG when the allele is
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identical on each chromosome and AG when the allele
differs.

Haplotype A combination of alleles at adjacent loci on the chromosome
that are transmitted together.

HapMap
A genome- wide database of patterns of common human
genetic sequence variation among multiple ancestral
population samples.

Heritability
The proportion of observable differences between
individuals that is due to genetic differences.

Hardy Weinberg
Equilibrium

The population distribution of 2 alleles (with frequencies p
and q) such that the distribution is stable from generation to
generation. Genotypes occur at frequencies of p2, 2pq and
q2 for the major allele homozygote, heterozygote and minor
allele homozygote.

Linkage
disequilibrium (LD)

The non-random association of allele at two or more loci.
Occurs when two or more loci on a chromosome have
reduced recombination between them because of their
physical proximity to each other. LD describes the extent to
which a variant at one locus predicts the variant at another
locus.

Locus
Any given specific site in a genome. Often used to describe
a particular site where sequence or functional alternatives
exist.

Minor allele The allele with the lowest frequency of a biallelic
polymorphisms

Minor allele
frequency

The frequency of the least common of 2 alleles in a
population.

Mutation

A change in the genomic sequence of DNA as a result of
DNA damage, replication error, incomplete repair or other
intrinsic events.

Phenotype
A phenotype is the composite of an organism´s observable
characteristics or traits and result from the expression of the
organism's genes as well as the influence of environmental
factors and the interactions between the two.

Single Nucleotide
Polymorphism (SNP)

A type of genetic variation where, at a specific locus in the
genome two sequence alternatives exists and where the
least common alternative is found in minimum 1% of the
population in question.

Penetrance

In genetics, is the proportion of individuals carrying a
particular variant of a gene (allele or genotype) that also
expresses an associated trait (phenotype). In medical
genetics, the penetrance of a disease-causing mutation is
the proportion of individuals with the mutation who exhibit
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clinical symptoms.

DNA adduct
A central tenet of chemical carcinogenesis is that the
covalent binding of carcinogens to DNA is causally related
to tumorigenesis.
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Chapter One

Introduction

1.1 Overview

Cancer is considered one of the most important health problems in both

developing and developed countries for its high incidence, cost and

associated mortality. Cancer is the third leading cause of death among

Palestinians (About 9%) after other accidents (35.5%) and heart diseases

(17.4%), and it is one of the major causes of morbidity among Palestinian

population (PHIC, 2014).

Lung cancer is a complex and heterogeneous disease dependent on many

genes, environmental and lifestyle factors. It is also one of the leading causes

of death worldwide. Approximately 1.59 million people die from lung cancer

per year; about 750,000 in a year die from liver cancer, the second cause of

cancer deaths worldwide (WHO, 2012). In Palestine (West bank), lung cancer

caused more than 187 deaths in 2014; of those, 147 were men, and 40 were

women (PHIC, 2014). In Palestine, lung cancer is the most common cancer

diagnosed in men, and the second most common cancer diagnosed in

women.

Lung cancer is divided into two main categories: Small Cell Lung

Cancer (SCLC) accounts for about 10-15% of all lung cancers and Non-Small

Cell Lung Cancer (NSCLC) accounts for 85-90% of all lung cancers. NSCLC

is generally slower growing than SCLC and is divided into subgroups based

on the cells that make up the tumor, including adenocarcinoma, squamous

cell carcinoma, and poorly differentiated or large cell carcinoma (ACS, 2015).

Lung cancer is a multifaceted disease with a number of possible risk

factors. Tobacco smoke is the most well-known risk factor responsible for

80% to 90% of lung cancers (Parkin DM. 2011, CDC, 2015). This relationship

has been definitively established as the main cause of lung cancer through a

wide variety of case control and cohort studies throughout the world. Relative

risk estimates for lung cancer risk among cigarette smokers range from 20-40

times the never smoking (Shopland et al., 1991, Crispo A. et al., 2004).
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Furthermore, both intensity, in terms of number of cigarettes smoked, and

duration of smoking appear to influence the risk (Knoke J. et al., 2004).

Tobacco smoke is a complex mixture of about 5300 organic compounds

that have been identified (Rodgman & Perfetti, 2009). Among these, more

than 70 are considered carcinogenic (Hecht S. and Samet M. 2007, Stampfil

R. and Anderson P. 2009, Stellman D. and Djordjevic V. 2009). The

carcinogenicity of tobacco smoke may result from direct genotoxic damage to

DNA; activation of growth and proliferation and suppression of apoptosis

pathways and chronic inflammation with subsequent cellular proliferative

response to inflammatory injury (Hecht S. and Samet M. 2007, Stampfil R.

and Anderson P. 2009, Stellman D. and Djordjevic V. 2009, Chen RJ et. al.

2011).

Cigarette smoke carcinogens lead to DNA adducts formation and induce

oxidative damage to DNA, resulting in genome instability that represent the

first steps of carcinogenesis (Hecht, 2003). Excessive DNA damage as a

result of multiple mutations may fail to be repaired and lead to loss of normal

controls on cell growth unless the cell undergoes apoptosis (Wu H. et al.,

2004).

The fact that 10-20% of lung cancer patients are never smoking (CDC.

2005, Thun MJ. 2006, Jemal A. 2008), and that a considerable number of

smokers never get lung cancer suggests that the underlying individual’s

genetic makeup may be responsible for this variability. The search for genetic

factors that are implicated in lung cancer pathology have highlighted the

possible role of a number of loci (15q25, 5p15, and 6p21). These include

rs16969968, rs1051730, rs402710, rs2736100, rs4324798 and rs9295740.

1.2 Objective:

This research aimed at studying the interplay between smoking and

genetic susceptibility to lung cancer in Gaza strip-Palestinian, with a number

of specific aims:

1. To determine the frequency of SNPs previously known to have a role in

increasing the genetic risk for lung cancer rs16969968 (c.1192G>A),
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rs1051730 (c.645C>T), rs402710 (c.1532+9G>A), rs2736100 (c.1574-

3777G>T), rs4324798 and rs9295740).

2. To evaluate the role of smoking and other non-genetic risk factors such as

gender, age and family history in susceptibility to lung cancer.

3. To evaluate the combination effect of both genetic and/or non-genetic

factors in increasing the susceptibility for lung cancer.

1.3 Significance:
Most of lung cancer patients go undiagnosed as the symptoms associated

with lung cancer can be rather subtle, and many patients remain at a silent or

latent stage. As lung cancer is associated with increased morbidity and

mortality, it puts a severe health and economic burden on patients, their

families, and society. Improved diagnosis and prediction of lung cancer and

early intervention would alleviate, or reverse, these negative effects.

Identification of a part of the genetic risk factors for lung cancer may help in

identifying individuals at high risk for lung cancer before the disease

manifests.

The genetic susceptibility for lung cancer may be exacerbated when other

risk factors coexist (e.g. smoking, family history, diet, alcohol and

occupational exposure have played a critical role in the tumorigenesis in lung

(CDC, 2013). People with increased risk may be advised to modify their life

style in a way that reduces the incidence of cancer.

To the best of our knowledge, there is no previous data describing the

frequency of risk alleles for lung cancer among the Palestinian population,

neither this issue was tackled what so ever in our population.
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Chapter Two

Literature Review

2.1 Lung Cancer

Lung cancer is characterized by uncontrolled proliferation of the lung cells

as a result of genetic damage. Like all cancers, lung cancer cells have the

ability to invade neighboring tissues and spread or metastasize to distant

anatomical parts of the body. If left untreated, lung cancer eventually causes

death.

2.1.1 Types of lung cancer

Lung cancer is classified into two main histological groups: Small Cell

Lung Cancer (SCLC) which characterized by its growing more rapidly and

spreads to other parts of the body earlier than non-small cell lung cancer. It is

also more responsive to chemotherapy (CancerCare 2015). and Non-Small

Cell Lung Cancer (NSCLC) (Cooper S. & Spiro SG, 2006, Herbst RS et. al.,

2008). The NSCLCs generally include adenocarcinomas, squamous cell

carcinomas, and large cell carcinomas (ACS, 9.2015).

The adenocarcinoma is the most common form of lung cancer that forms

in mucus-secreting glands throughout the body; also it can spread without

destroying other tissues. While squamous cell carcinoma (also called

epidermoid carcinoma) forms in the lining of the bronchial tubes and its

characterized by thin, flat cells that line the passages of the respiratory tract,

then large cell carcinomas which refer to non-small cell lung cancers that are

neither adenocarcinomas nor epidermoid cancers its characterized by faster

growing form of NSCLC (Lung Cancer Alliance. 2015).

The majority of tumors are NSCLC, with SCLC comprising only about 10-

30% (Janssen L. & Coebergh W., 2003). Among NSCLC, squamous cell

carcinomas were the most common in the mid to late 20th century (Youlden

R. et al., 2008).
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2.1.2 Staging of Lung Cancer

Staging lung cancer is based on whether the cancer is local or has

spread from the lungs to the lymph nodes or other organs. Because the lungs

are large, tumors can grow in them for a long time before they are found.

Even when symptoms—such as coughing and fatigue—do occur, people think

they are due to other causes. For this reason, early-stage lung cancer (stages

I and II) is difficult to detect. Most people with lung cancer are diagnosed at

stages III and IV (CancerCare 2015).

Non-small cell lung cancer is divided to four stages. In the first stage, the

cancer may be present in the underlying lung tissues, but the lymph nodes

remain unaffected. While in the second stage, the cancer may have spread to

nearby lymph nodes or into the chest wall. And the third stage is divided for

two subtypes, the first is characterized by spreading of cancer only to lymph

nodes on the same side of the chest where the cancer started, and the

second subtype is distinguished by the spreading of cancer to the lymph

nodes on the opposite side of the chest, or above the collar bone. However in

the fourth stage, the cancer has metastasized throughout the body and may

now affect the liver, bones or brain (CancerCenter 2015, Lung Cancer

Alliance. 2015).

Small cell lung cancer is divided to two stages, the first stage is limited

stage which characterized by the cancer is in one lung, sometimes including

nearby lymph nodes, while the second stage is extinctive stage, which

characterized by the spreading of cancer to the other lung, the fluid around

the lung (the pleura) or to other organs in the body (CancerCare 2015,

CancerCenter 2015).

2.1.3 Epidemiology of lung cancer

Cancer in general can be the second cause for death in Gaza strip, after

the cardiovascular diseases, about 1595 cases in Gaza strip and 2295 cases

in west bank are registered in Palestinian ministry of health in 2014, and the

incidence of the cancer in Gaza strip was 86.8/100,000 people, and

82.2/100,000 in west bank (PHIC, 2014).
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Worldwide, lung cancer is the most common form of cancer (WCRF

International, 2012); accounting for 1.83 million new cases annually

representing 13% of all new cancers. It is also the most common cause of

death from cancer, with 1.61 million deaths (WHO, 2012).

No recent data was published regarding the incidence of lung cancer in

Gaza strip. However by extrapolating the data on the west bank published by

the Palestinian Health Information Center (PHIC), one can expect the

incidence of lung cancer to be about 9.8% of all cancers (PHIC, 2014).

Furthermore, the mortality of lung cancer was the highest between the other

cancers with 19.6%, followed by the colon cancer with 13%. The report of

lung cancer cases in Gaza was issued by the Palestinian Health Information

Center in 2009; in which lung cancer occupied the first leading cause of

death, with 13.4% and 21.3% in the year 2008, 2009 respectively (PHIC,

2009). The mortality of lung cancer between males and females in year 2009

was 27.7% with mortality rate 9.2/100,000 males and 13.9% with mortality

rate 4.6/100,000 females (PHIC, 2009).

The incidence and mortality of lung cancer have been significantly and

constantly increasing over the past two decades in Palestine. The age-

standardized incidence and mortality rate for lung cancer of Palestinian

population was 10.8/100,000 and 10.0/100,000 for men and 1.8/100,000 and

1.9/100.000 for women in 2008 (IARC, 2008). According to the Palestinian

Health Information Center in west bank, number of deaths from lung cancer

between cancer cases in 2014 was 19.8%, the second malignant tumor was

colon cancer with 13%, following by breast cancer with 10.7% (PHIC, 2014).

Lung cancer remains highly lethal with very low survival with only 17.4% of

US lung cancer patients surviving 5 years after diagnosis with best condition

of treatment within period from 2005-2011 (ACS, 2015), while in Palestine is

approximately 7.7% (IARC, 2008).
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2.1.4 Risk Factors

Lung cancer develops when the cells of the lung undergo a sustained

genetic damage. Several different chemicals and environmental factors that

are capable of causing the genetic damage can lead to lung cancer.

2.1.4.1 Smoking

The most well-known risk factor, and perhaps the most prevalent

worldwide, is tobacco smoke. About 80% to 90% of all lung cancer cases

occur among people who are either current or former tobacco smokers

(Shopland et al., 1991, IRAC 2004, Thun MJ 2005, Freedman LS et. al.

2006). The relationship between smoking and lung cancer is caused by the

carcinogens present in tobacco smoke. The risk of developing lung cancer

from smoking is influenced by length and intensity of smoking history (Peto R.

1986, Flanders WD. et. al. 2003, Doll R. et. al. 2005, Vandenbroucke J.

2009). On average, a lifetime smoker has a 20-fold increase in the risk of

developing lung cancer compared with a lifetime non-smoker (Alberg AJ. and

Samet JM. 2003, Doll R et. al. 2005 and Pirie K et. al. 2013).

Cigarette smoke is a mixture of approximately 5300 different chemicals

(Rodgman & Perfetti, 2009), more than 70 of which are established

carcinogens in both in vitro and in vivo models such as nitrosamines,

polycyclic aromatic hydrocarbons, acroleins and aryl amines (Hecht S. and

Samet M. 2007, Stampfil R. and Anderson P. 2009, Stellman D. and

Djordjevic V. 2009).

2.1.4.2 Age

The individual’s age is an established risk factor for a number of diseases

including cancer. Older individuals are probably exposed to more endogenous

and exogenous genotoxic influences that ultimately lead to genetic damage

accumulation over time. Accordingly, the probability of accumulating enough

genetic damage can lead to cancer. In addition, the immune system works

less effectively as someone gets older. The average age of newly diagnosed

lung cancer patients is around 60 years of age (Cancer Stats. 2007), also in

Palestinian population the rate is about 60 years of age (PHIC. 2011).
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2.1.5 Other factors

While tobacco smoke is the leading cause of lung cancer, it is noteworthy

mentioning that people who have never smoked can develop lung cancer.

Furthermore, it is also true that most smokers long-live without lung cancer.

This can be in part explained by variable genetic susceptibility to tobacco

carcinogens (Amos C. et al., 1999). In addition, past lung infections, and

exposure to environmental factors such as radon, radiation and asbestos may

play a role in the risk of lung cancer (ACS. 2014).

2.2 Genetic polymorphisms

Genetic polymorphism is an established DNA sequence variation occurring in

1% or more of the population not necessarily resulting in a phenotypic

chance. Single nucleotide polymorphisms (SNP) occur about once every 1000

base pairs in the human genome (International HapMap Consortium, 2007).

SNPs in protein encoding genes can influence a phenotype either by

changing the function or quantity of the encoded protein (Buckland R. 2006).

Moreover SNPs can be found in non-coding sequences such as the gene

regulatory sequences (promoters, enhancers, and silencers); in introns; within

the 5’ and 3’UTRs and in intergenic regions (Buckland R. 2006, Chorley BN.

et. al., 2008).

SNPs in the coding region are classified into two types: synonymous and

nonsynonymous. Synonymous SNPs do not affect the protein sequence while

nonsynonymous SNPs change the amino acid sequence of the protein. The

nonsynonymous SNPs in turn are divided into two forms: missense and

nonsense (Strachan T. and Read A. 1999).

2.3 Genetic susceptibility
The genetic susceptibility for a particular disease (sometimes also called

genetic predisposition) is an increased probability of developing that disease

due to the individual’s genetic makeup. This susceptibility frequently results

from specific genetic polymorphisms found in the coding regions of

metabolizing enzymes or sometimes in intergenic sequences. These

polymorphisms play a role in the development of a disease but do not directly
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cause it. Cancer susceptibility genes have been divided into three different

classes: rare high-penetrance genes (low frequency), rare

intermediate/moderate-penetrance genes (low frequency), and common low-

penetrance genes (high frequency) (Stratton and Rahman, 2008).

Variation in the personal risk of a disease outcome may be due to both

differing levels of exposure to environmental factors, with subsequent

epigenetic effects on gene expression, and to genetic variation among

individuals (Christiani C., 2006).

Family history is one of the strongest predisposing factors for cancer. For

example around 5–10% of all cancer cases are of the familial type (ACS.

2014).

Genetic susceptibility can be identified by genome-wide linkage analysis,

genome-wide association studies (GWAS) and others techniques (Wang Y.

et. al., 2008, McKay D. et. al., 2008, Turnbull & Rahman 2008)

GWAS are cornerstone in studying cancer risk as well as clinical

outcome and treatment response. It requires some essential prerequisites be

fulfilled, such as a sufficient number of cases and controls, approved

statistical significant levels and stratification for confounders (Miyagawa et al.,

2008; Ziegler et al., 2008). So far, 315 cancer phenotypes have been

subjected to GWAS, with a large number of risk alleles identified (GWAS.

2015).

2.3.1 Genetic Susceptibility to Lung Cancer
The genetic variation can contribute to the inter-individual differences in

susceptibility to lung cancer in two aspects. Firstly, common SNPs modify the

activity of enzymes that metabolize environmental agents such as chemicals

found in cigarettes smoke, and maintain cell cycle control and immune

function (Rothman et al., 2001). Second, inter-individual differences in

susceptibility may result from the ability of the cell to repair the genetic

damage from tobacco carcinogenic exposures and the cellular ability to

remove adducts (Wei and Spitz, 1997).
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Genetic susceptibility to lung cancer had been tested in a different

number of epidemiologic studies. The later have identified three low-

penetrance loci, 15q25.1, 5p15.33 and 6p21, associated with lung cancer,

and accounting for 7% of the familial risk (Varghese and Easton, 2010). A

common locus variant near rs1051730 and rs16969968 on chromosome

15q contains 3 genes encoding subunits of the nicotinic acetylcholine receptor

(nAChR), CHRNA3, CHRNA5, and CHRNB4 (Amos CI. et. al., 2008, Hung J.

et. al., 2008, Thorgeirsson E. et. al., 2008, Shiraishi et al. 2009, Lips et al.

2010, Timofeeva et al. 2012).

The chromosomal region 5p15.33 containing the cleft lip and palate

transmembrane protein 1-like protein gene (CLPTM1L) and the telomerase

reverse transcriptase (TERT) gene, which were found to be associated with

lung cancer, especially with adenocarcinoma (Okazaki et al. 2014). The

identified SNPs in this region rs402710 and rs2736100 were found to

modulate lung cancer risk (McKay et al. 2008, Jin et al. 2009, Landi et al.

2009, Hsiung et al. 2010, Ito et al. 2012).

GWAS also demonstrated that 6p21 is a new lung cancer susceptibility

locus in populations of European descent (Wang Y. et. al., 2008, Zienolddiny

S. et. al., 2009). This relationship has identified the SNPs rs4324798 and

rs9295740 as risk alleles for lung cancer in various ethnic groups with varying

degrees (TanTai J. et. al. 2013).

2.4 Molecular Biology of Lung Cancer Susceptibility
Regions

As previously indicated, the three human genomic regions at

chromosomes 15q25, 5p15, and 6p21 have been identified to be associated

with susceptibility to lung cancer. Genes that regulate the acetylcholine

nicotinic receptors, the BAT3-MSH5 gene locus and the TERT-CLPTM1L

locus were mapped to theses genomic locations (Wang et al., 2010, Truong et

al. 2010, Wang Y. et. al., 2008, McKay D. et. al., 2008). Additionally, the

13q31.3 locus mapping to the GPC5 gene was found to associate with lung

cancer in never smokers (Li Y. et. al., 2010). Additional risk loci at 3q28,

13q12.12 and 22q12.2 were also identified in a study conducted on Han
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Chinese subjects (Hu Z. et. al., 2008). The following sections discuss some of

these loci in more details.

2.4.1 Region 15q25.
The region at 15q24–25.1 contains the nicotinic acetylcholine receptors

(nAChRs) which is a member of a superfamily of ligand-gated ion channels

that mediate fast signal transmission at synapses. The nAChRs are hetero-

pentamers of homologous subunits encoded by separate genes and have

different primary structures (muscle and neuronal forms). There are several

subtypes of neuronal nAChRs that vary based on which homologous subunits

are arranged around the central channel. The subunits having a pair of

adjacent cysteines at the presumed acetylcholine binding site are classified as

alpha-subunits (like muscle alpha-1), while subunits lacking these cysteine

residues are classified as beta-subunits (Groot Kormelink and Luyten, 1997).

Three genes for nicotinic acetylcholine receptor subunit, namely

CHRNA5, CHRNA3, and CHRNB4), were found associated with the risk of

lung cancer in two independently conducted GWASs. The studies gave

consistent results for associations between two SNPs at this locus

(rs16969968 in CHRNA5 gene, and rs1051730 in CHRNA3) and the risk of

lung cancer (Amos et al., 2008; Hung et al., 2008). Both SNPs are in strong

linkage disequilibrium (Amos et al., 2008; Hung et al., 2008).

2.4.1.1 rs16969968 (c.1192G>A)
The SNP rs16969968 results in the substitution of aspartate for

asparagine at the highly conserved codon 398 (D398N) of the CHRNA5

protein, located in the central part of the second intracellular loop of the

receptor. The SNP rs16969968 is in strong linkage disequilibrium with a SNP

in the CHRNA3 gene (Hung et al., 2008; Thorgeirsson et al., 2008). A

significant association between the rs16969968 variant and smoking was

established among 149 smokers and 148 nonsmokers (odds ratio of 1.84, p =

0.03 for 1 allele; odds ratio of 3.59, p = 0.032 for 2 alleles) (Hong et al. (2010).

The rs16969968 exhibited evidence of a recessive mode of inheritance,

resulting in individuals having a 2-fold increase in risk of developing nicotine

dependence once exposed to cigarette smoking (Saccone F. et al., 2007).
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The rs16969968 SNP leads to a D398N amino acids substitution

resulting from an exchange of a guanine (G allele) into adenine (A allele) at

position 1192 of the coding sequence (c.1192G>A) (Bierut et al.,

2008; Saccone et al., 2007). Expression of the A ‘risk-allele’ reduces nAChR

function, which may enhance nicotine dependence susceptibility (Bierut et al.,

2008). It has been suggested that reduced nAChR function due to A-allele

expression may regulate dopamine-mediated reward signaling, thereby

facilitating dependence (Bierut et al., 2008). Others have suggested that

smokers expressing the A allele may smoke to ameliorate cognitive

impairments (Winterer et. al., 2010).

An association study involving more than 2000 individuals together with

other functional studies have demonstrated that the risk allele decreases

response to a nicotine agonist and thus may be involved in nicotine

dependence (Bierut LJ. et al., 2008). Another study replicated the association

between this SNP and nicotine dependence in 200 individuals, and also

concluded that the rs16969968 (A) allele was significantly associated with

"enhanced pleasurable responses" to a person's first cigarette (Sherva R. et

al., 2008).

2.4.1.2 rs1051730 (c.645C>T)
In a large genome-wide association study, a SNP in the CHRNA3

gene (rs1051730) was found highly associated with smoking quantity and with

risk of lung cancer and peripheral arterial occlusive disease (Thorgeirsson et

al., 2008). Such association reflects an example of gene-environment

interaction in which nicotine dependence as a result of the SNP confers risk of

lung and cardiovascular diseases through an effect on behavior. The

rs1051730 SNP is located in a linkage disequilibrium block containing two

other candidate genes, encoding the nicotinic acetylcholine receptor alpha 5

(CHRNA5) and beta 4 (CHRNB4) subunit genes (Thorgeirsson et al., 2008).

The SNP rs1051730 represents a synonymous C>T transition in exon-5 at

position 645 of the coding sequence.

Keskitalo et al. (2009) measured the number of cigarettes smoked per

day (CPD) and the serum level of an immune-reactive nicotine metabolite
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(cotinine) in 516 Finnish daily smokers (aged 30-75 years; 303 males and 213

females (Keskitalo et al. 2009). The associations of 21 SNPs in 15q25.1 were

examined with cotinine and CPD. The SNP rs1051730 showed the strongest

association with cotinine level and CPD. However, this SNP accounted for

nearly a 5-fold larger proportion of variance in cotinine levels than in CPD (R(2)

4.3% vs 0.9%). The effect size of the SNP was 0.30 for cotinine level,

whereas it was 0.13 for CPD. Keskitalo et al. (2009) concluded that variation

at the CHRNA5/CHRNA3/CHRNB4 cluster influences nicotine level,

measured as cotinine, more strongly than smoking quantity, measured by

CPD, and appears thus to be involved in regulation of nicotine levels among

smokers.

In two recent studies, together comprising over 6,000 lung

cancer patients of European ancestry, the rs1051730 (T) allele was

significantly associated with increased risk for lung cancer (Hung RJ. et al.,

2008). Having one copy of the allele increased risk for lung cancer about 1.3

times, while having two copies exhibited a 1.8 times increased risk. Up to 14%

of lung cancer incidence may be attributable to this allele (Hung RJ. et al.,

2008, Amos CI. et al., 2008).

A different study published at the same time concluded that the (T) allele

carriers are not at higher risk of becoming smokers compared to (C) carriers

(Thorgeirsson E. et. al. 2008). However, if they do smoke, (T) carriers are

quite likely to smoke more cigarettes than (C) carriers, and as an apparent

consequence, they are at higher risk for lung cancer.

Thorgeirsson et al. (2008) linked the same allele to the risk of 2

smoking-related diseases (lung cancer and peripheral artery disease) in

populations of European descent. The SNP was strongly associated with the

smoking quantity (P = 5 x 10-16). Thorgeirsson et al. (2008) concluded that

their findings provided a case study of a gene-environment interaction,

highlighting the role of nicotine addiction in the pathology of other serious

diseases.
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2.4.2 Region 5p15.
The 5p15.33 locus contains two genes, the TERT and the CLPTM1L,

which have been reported to be implicated in lung carcinogenesis (Chanock J.

and Hunter J. 2005, Li C. et. al. 2013).

The TERT gene product contains three distinct structural domains: the

RNA-binding domain (TRBD), the reverse transcriptase domain and the

carboxy- terminal extension (CTE), which represents the putative thumb

domain of TERT (Gillis J. et. al., 2008). Tumor cells can prevent telomere loss

upregulation of telomerase (Blasco A., 2005). Activation of telomerase

induced by the catalytic component TERT is a pivotal step during cellular

immortalization and malignant transformation of human cells (Zhang A. et. al.,

2000). Telomerase has been found to be reactivated in the majority of

cancers, including those of the lung (Lantuejoul S. et. al., 2007).

Palate transmembrane 1-like (CLPTM1L), also called cisplatin

resistance related gene 9 (CRR9), was identified among the genes involved in

resistance to the anticancer drug cisplatin in ovarian cancer cells (Yamamoto

K. et. al., 2001). CLPTM1L is located at the 5p15.33 locus near telomerase

reverse transcriptase (TERT). Recent genetic studies revealed that this locus

is a susceptibility region for lung and several other cancers (Ni Z. et. al.,

2012). Several studies have shown CLPTM1L to be highly expressed in renal

carcinoma cell line and laryngeal squamous cell carcinoma (Asakura T. et. al.,

2005, Colombo J. et. al., 2009).

2.4.2.1 rs402710 (g.1320607C>T, c.1532+9G>A).
The SNP rs402710 is located at 5p15.33 and in a region of high LD

that includes the proximal and putative promoter regions of TERT, as well as

the entire coding region of the CLPTM1L gene locus. It is located in the intron

region of CLPTM1L which was is expressed in various tissue, including lung

tissue and overexpressed in cisplatin-resistant cell lines, encodes an

enzyme—cleft lip and palate trans-membrane 1-like that may be associated

with apoptosis (Yamamoto K. et. al. 2001).

The SNP was found associated with the susceptibility to lung cancer

prominently in never-smokers (P = 0.01), ex-smokers (P = 0.0007) and
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current smokers (P = 0.0001) (McKay et. al. 2008). There was no apparent

geographical heterogeneity in the allele frequencies of rs402710. Adjustment

for smoking exposure (packs/ year) had no effect on the observed association

with a smoking adjusted OR per allele of 1.19 (1.12-1.26). The same study

investigated rs402710 in the context of smoking intensity among controls and

did not observe any association between number of cigarettes consumed per

day and rs402710 (p = 0.74).

Several studies have replicated the significant association of the SNP

with lung cancer risk, in Caucasian and Asian population (Jin G et. al., 2009,

Hsiung CA. et. al. 2010, Truong T. et. al. 2010, Yoon KA. et.al. 2010,

Jaworowska E. et.al. 2011, Pande M. et. al. 2011, Ito H. et.al. 2011, Chen XF.

et. al., 2012; Zhao DP. et. al., 2014), while some other replication studies

showed an inconsistent outcome (Jin G. et.al. 2009, Yang P. et. al. 2010,

Chen XF. et. al., 2012).

Zhao D. et. al. (2014) found both rs402710 and rs401681 conferred

significantly greater risks for adenocarcinoma and squamous cell carcinoma

when stratified by histological type of tumors. Furthermore, associations of

these polymorphisms with lung cancer risk were observed among current

smokers and former smokers, as well as never smokers. These findings

demonstrated that rs402710 and rs401681 are risk-conferring factors for the

development of lung cancer.

The results from a meta-analysis study provided evidence that

rs402710 T allele significantly contributed to decreased lung cancer risk, and

the case-control study implied that the variant may yield stronger effect on

NSCLC and never smokers (Lu X. et. al. 2013).

2.4.2.2 rs2736100 (c.1574-3777G>T).

The rs2736100 polymorphism is localized to intron 2 of the TERT gene

with a possible contribution to an increased risk of lung cancer (McKay et al.

2008). In follow-up replication studies, several research groups have reported

associations between this SNP and cancer risk, but with inconclusive results

(Jin G. et. Al., 2009, Gago-Dominguez M. et. al., 2011).
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Zou P. et. al., 2012 concluded that the TERT rs2736100 polymorphism

is associated with cancer risk. Also, Bae EY. et. al., 2012 demonstrated that

rs2736100 SNP in the 5p15 region has effect on the risk of lung cancer and it

was significant only for adenocarcinoma.

Miki D. et. al., 2010 conducted a genome-wide association study in a

Japanese cohort, with replication in two independent studies in Japanese and

Korean individuals, in a total of 2,098 lung adenocarcinoma cases and 11,048

controls. The combined analyses identified two susceptibility loci for lung

adenocarcinoma: TERT (rs2736100, combined P = 2.91 × 10⁻¹¹), odds ratio

(OR) = 1.27) and TP63 (rs10937405, combined P = 7.26 × 10⁻¹²), OR = 1.31).

2.4.3 Region 6p21.

A recent study from the UK reported that the 6p21.33 locus is

associated with lung cancer risk (Wang Y. et al., 2008), and a suggestive

association for another SNP in the region (rs4324798 on 6p22.1).

2.4.3.1 rs4324798 (g.79518G>A).

The rs4324798 SNP is located near the major histocompatibility

complex locus with the risk allele (A) possibly associated with lung

adenocarcinoma in European descent cases (Landi T. et al., 2009). The

association of the SNP with lung cancer was found weak and inconsistent in

different studies (Wang Y. et. al., 2008, landi t. et. al., 2009). TanTai J. et. Al.

(2014) demonstrated that the three common variations (rs4324798,

rs3117582, and rs9295740) on 6p21 are risk factors associated with

increased lung cancer susceptibility, but these associations vary in different

ethnic populations.

Yang P. et. al., 2010 conclude that, the SNP rs4324798, as an

independent prognostic factor for overall survival in SCLC patients, an

outcome that needs to be validated by other studies.
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2.4.3.2 rs9295740 (g.27689502G>A).

The SNP rs9295740 is located in the transfer RNA locus for leucine 16

(anticodon UAA) (TRNAL16), on chromosome 6 and the ancestral allele is A

(ALFRED. 2014, NCBI. 2014).

Wang et al., 2008 reported that linkage disequilibrium (LD) in the

6p21.33–6p22.1 region was extensive, and rs9295740 at 6p22.1, is in

moderate LD with lung cancer risk in the European population. In another

study in Koreans population, there was no association between rs9295740

and the risk of lung cancer (Bae EY. et al., 2013).

A significant association between the SNP and the overall NSCLC risk

was reported mainly in males with OR =1.921, 95% CI: 0.942–3.919 (de Mello

et al, 2013). In the same study, the GA+AA genotype group represented a

nearly statistically significant increase in NSCLC risk when compared with the

rs9295740 AA genotype group (OR =1.742, 95% CI: 0.979–3.098). Also, they

observed the rs9295740 GA genotype in the 6p21 locus demonstrated a trend

toward higher Progression-free Survival (PFS) than the rs9295740 GG and

rs9295740 AA genotypes: 6 months (range: 3.21–8.78) versus 4 months

(range: 0.39–7.60), respectively, p= 0.074. However, the rs9295740 GA+AA

genotype group had a higher PFS than the rs9295740 GG genotype group: 6

months (range: 4.31–7.68) versus 4 months (range: 2.06–5.93), respectively,

p= 0.034. So, they concluded that the rs9295740 GA+AA genotype group in

the 6p21 locus had a higher overall survival (OS) than the rs9295740 GG

genotype group: 13 months (range: 9.38–16.61) versus 9 months (range: 5.91

12.08), p =0.045. But, another study in a Korean population concluded there

was no association between the rs9295740 and lung cancer risk (Bae EY. et.

al., 2012).
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Chapter Three

Materials and Methods

3.1 Materials

3.1.1 Reagents

Table 3.1 Reagent used in the study.

No. Items Manufacture Country

1. QIAamp DNA Blood Mini kit Qiagen Germany

2. GoTaq Green Master Mix, 2X Promega USA

3. DNA Ladder (100 bp) GeneDirex USA

4. Primers GeneDirex USA

5. Restriction  Enzyme (TP45I) New England Biolabs USA

6. Agarose Promega USA

7. Ethanol 96% Local Local

8. Ethidum Bromide Sigma Germany

9. Tris-Acetate EDTA, 10X Promega USA

3.2 Instruments

Table 3.2 The Instruments used in the study.

No. Instruments Supplier

1. Thermal-Cycler: MasterCycler Gradient

Eppendrof, Germany

2. Vortex

3. Micropipette 0.5--10 µL

4. Micropipette 5--50 µL

5. Micropipette 20--200 µL

6. Micropipette 100--1000 µL

7. Micro-centrifuge

8. Refrigerator (- 80 Cº) Ing. Climas, Germany
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9. Gel Electrophoresis Chambers and Power

Supply
Biorad, USA

10. Gel Documentation System UVP, USA

11. Nano-Drop (ND-1000) ThermoScientific, USA

12. Microwave Oven LG, Korea

3.3 Study Ethics

The collection of the patient and control materials was approved by the

ethical committees of the Palestinian Ministry of Health and Helsinki

Declaration of 1975 (106). All enrolled participants were informed about the

study according to the study protocol and was give written informed consent.

The approval letter for the present study was obtained from the Helsinki

committee and the Palestinian Ministry of Health (MOH) (Annex 1, 2, 3).

3.4 Samples

This study is a case control study with convenience sample. The

sample set was consisted of two groups: lung cancer patients and control

individuals. Then samples was classified according to gender, age, height,

weight, smoking history (current smoking (%), age started (yr), smoking

duration, package/years, cigarettes/day), history of other exposures and

family history.

Samples were collected from all patients being managed for lung cancer in

the oncology clinics of Shifa and EGH hospitals during the period from

February 2014 to June 2014.

Any lung cancer case was excluded if the cancer in lung result from

metastasis from other organs, and any patient or control must not make blood

transfusion for six months at least.

An equal number of matched healthy individuals in age, gender were

serving as a control group.
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3.5 Settings and place of work

The practical parts of this work were performed in the Molecular

Biology Department of the central laboratory, MOH-Gaza.

3.6 Patients data

Patient's medical data were collected from their records in the relevant

hospitals and by questionnaire. The data included personal, medical,

management and family information (e.g. age, weight, gender, cigarettes per

day, type of cancer, smoking status, suffering from infectious diseases, years

of smoking, period of quit smoking and other).

3.7 DNA Isolation

For all patients, about 5 ml peripheral blood was collected in tubes

containing EDTA, and genomic DNA was extracted from the peripheral

lymphocytes using a QIAamp DNA Blood Mini kit (Qiagen, Germany).

3.8 Molecular investigation

3.8.1 Primers Selections

Some of primer pair’s sequences were designed by Web-based Allele-

Specific PCR assay (WASP) online software, while the remaining primers

were designed manually. And the Tm was calculated using Promega Biomath

calculater online software (Table 3.1).
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Table 3.3: Sequence of primers for each SNP

Gene SNP ID Name Sequance 5'-3'
Product
Size(bp)

CHRNA5
rs1696996

8 (G/A)

rs16Rw CTTGTAATGTAGCGAATAGAAGC
215rs16Rm CTTGTAATGTAGCGAATAGAAGT

rs16Fc CGCTATCAACATTCATCATC

CHRNA3
rs1051730

(C/T)

rs10Rw TTGTACTTGATGTCGTGTTGG
150rs10Rm TTGTACTTGATGTCGTGTTGA

rs10Fc ACTGTACCATGAAGTTCGGT

CLPTM1L
rs402710

(C/T)

rs4Rw CCAGCGGTGGTGAGTGAG
175rs4Rm CCAGCGGTGGTGAGTGAA

rs4Fc CAACTGGAACCCAAGTTTAG

TRET
rs2736100

(G/T)

rs27Fw CCGTGTTGAGTGTTTCCG
223rs27Fm CCGTGTTGAGTGTTTCCT

rs27Rc CACATCTTCATCTGTGCATC

Inron
rs4324798

(G/A)

rs43Rw GAAAAAAGAACTACCTCGCGC
212rs43Rm GAAAAAAGAACTACCTCGCGT

rs43Fc TGCTTGGTCACCGTATAAAA

vWF
rs9295740

(A/G)

F AGCACTTAGAGTTCTGGGCG
175

R AAACGAGTTCATGCTGGGGT

Beta-Globin Gene
F CAACTTCATCCACGTTCACC

270
R GAAGAGCCAAGGACAGGTAC

3.8.2 Allele Specific PCR

The genotyping method which used to detect the selected SNPs

variants was developed using AS-PCR. PCR was carried out using a thermal

cycler (Eppendorf Mastercycler Gradient; Eppendorf, Hamburg, Germany).

The final volume of all PCR protocols was 20 μL.

3.8.2.1 AS-PCR for rs16969968

The AS-PCR required the use of two separate tubes for the

amplification of wild-type and variant-type allele. The first tube containing the
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PCR mixture for the wild-type amplification comprised of 1X GoTaq Green

Master Mix, 2 μL of extracted DNA, 0.5µM of rs16Rw and 0.5µM of rs16Fc

primer. The PCR mixture for the variant-type amplification comprised similar

elements as in the first tube except for the rs16Rw primer, which was

replaced with 0.5µM of rs16Rm primer. The PCR cycling was performed with

an initial denaturation at 95°C for 5 minutes, followed by 38 cycles of

amplification; 95°C for 30 sec, 58°C for 30 sec and 72°C for 45 sec. The final

extension step was performed at 72°C for 10 min.

3.8.2.2 AS-PCR for rs1051730.

The AS-PCR required the use of two separate tubes for the

amplification of wild-type and variant-type allele. The first tube containing the

PCR mixture for the wild-type amplification comprised of 1X GoTaq Green

Master Mix, 2 μL of extracted DNA, 0.5µM of rs10Rw and 0.5µM of rs10Fc

primer. The PCR mixture for the variant-type amplification comprised similar

elements as in the first tube except for the rs10Rw primer, which was

replaced with 0.5µM of rs10Rm primer. The PCR cycling was performed with

an initial denaturation at 95°C for 5 minutes, followed by 38 cycles of

amplification; 95°C for 30 sec, 59°C for 30 sec and 72°C for 45 sec. The final

extension step was performed at 72°C for 10 min.

3.8.2.3 AS-PCR for rs402710.

The AS-PCR required the use of two separate tubes for the

amplification of wild-type and variant-type allele. The first tube containing the

PCR mixture for the wild-type amplification comprised of 1X GoTaq Green

Master Mix, 2 μL of extracted DNA, 0.5µM of rs4Rw and 0.5µM of rs4Fc

primer. The PCR mixture for the variant-type amplification comprised similar

elements as in the first tube except for the rs4Rw primer, which was replaced

with 0.5µM of rs4Rm primer. The PCR cycling for rs402710 is the same as

rs1051730.
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3.8.2.4 AS-PCR for rs2736100.

The AS-PCR required the use of two separate tubes for the

amplification of wild-type and variant-type allele. The first tube containing the

PCR mixture for the wild-type amplification comprised of 1X GoTaq Green

Master Mix, 2 μL of extracted DNA, 0.5µM of rs27Fw and 0.5µM of rs27Rc

primer. The PCR mixture for the variant-type amplification comprised similar

elements as in the first tube except for the rs27Fw primer, which was replaced

with 0.5µM of rs27Fm primer. The PCR cycling was performed with an initial

denaturation at 95°C for 5 minutes, followed by 38 cycles of amplification;

95°C for 30 sec, 57°C for 30 sec and 72°C for 45 sec. The final extension step

was performed at 72°C for 10 min.

3.8.2.5 AS-PCR for rs4324798.

The AS-PCR required the use of two separate tubes for the

amplification of wild-type and variant-type allele. The first tube containing the

PCR mixture for the wild-type amplification comprised of 1X GoTaq Green

Master Mix, 2 μL of extracted DNA, 0.5µM of rs43Rw and 0.5µM of rs43Fc

primer. The PCR mixture for the variant-type amplification comprised similar

elements as in the first tube except for the rs43Rw primer, which was

replaced with 0.5µM of rs43Rm primer. The PCR cycling for rs402710 is the

same as rs16969968.

3.8.3 Restriction Enzyme Length Polymorphism (RFLP)

3.8.3.1 rs9295740-RFLP

The SNP rs9295740 was genotyped by using polymerase chain

reaction (PCR)–restriction fragment length polymorphism method. The

reaction was composed of a pair of primers flanking the polymorphic site

0.5µM of forward and 0.5µM of reverse primer to amplify a 175-bp PCR

product for rs9295740.

The PCR cycling was performed with an initial denaturation at 95°C for

5 minutes, followed by 38 cycles of amplification; 95°C for 30 sec, 61°C for 30
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sec and 72°C for 45 sec. The final extension step was performed at 72°C for

10 min.

The amplicon was digested by restriction enzyme of Tsp45I (New England

BioLabs, Beverly, MA) by incubation at 65 °C for 60 min with reaction volume

30 μl, then separated on a 2% agarose gel. The G allele was produce two

fragments of 102- and 73-bp while the A allele results in a single 175-bp

fragment.

3.8.4 β-Globin Gene

β-Globin gene was amplified by the primers that target a 270-bp region

of the gene were done behind each reaction at same concentration that used

in SNP genotyping.

The cycling conditions for β-Globin gene were carried out with a first

denaturation step at 95ºC for 5 min, followed by 38 cycles at 95°C for 30 sec,

61°C for 30 sec, 72°C for 45 sec and then a final extension step at 72ºC for

10 min

3.9 Quality Control

In each PCR run a positive control of a sample with a known

heterozygous genotype and a blank water (H2O) sample was run

simultaneously. To validate the genotyping results, 10% randomly selected

samples was repeated and the concordance rate was determined.

3.10 Agarose gel electrophoresis

After the amplification, electrophoresis was performed at 100 V for 50

min in 1X tris-borate-EDTA buffer on 2% agarose gels stained with ethidium

bromide (0.5 μg/ μL). The amplified PCR products were visualized under UV

light.
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3.11 Biostatistics/ Data analysis

The data was analyzed by the SPSS software (version 19). The one

way ANOVA test was used for mean comparisons when indicated with a 95%

confidence interval. The figures were prepared and presented by Microsoft

office excel 2010 program.

Differences in the distribution of categorical variables were analyzed

using the 2 test. To test for population stratification the deviation of the

genotype frequencies in the controls from those expected under Hardy-

Weinberg Equilibrium (HWE) was assessed by 2 test. Odds ratios (ORs) and

associated 95% confidence intervals (CIs) were calculated by unconditional

logistic regression, adjusting for age, sex and smoking. To avoid issues

associated with non-normally distributed adduct data and to take into account

co-variates the data were log-transformed and the impact of genotypes on

adduct levels was assessed by generalized linear modeling. Two-sided P

values <0.05 were considered as statistically significant.

3.12 Limitations of the study

One major limitation of the present study is that the relatively small

sample size, especially in the stratified analyses, limited our ability to detect

moderate interactions. Large-scale epidemiological studies are needed in the

future to confirm our findings. Secondly, Most of patients hadn’t known about

its disease, so it was difficult to take the sample or information from them.

Thirdly, the war on Gaza and psychological factors effect on the work

direction of the study. Lastly, the controls were not uniformly defined.

Although the most of the controls were selected mainly from healthy smoker

populations.
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Chapter Four
Results and Discussion

4.1 Study population description
The study population comprised 30 lung cancer patients that can be

further classified into 21 SCLC and 9 NSCLC patients. The control group

comprised 60 participants and consisted of 30 smoker and 30 non-smoker

individuals matched in age and gender to the cases. The cases and controls

were defined by basic descriptions of age, sex, cigarette pack/day smoking,

period of smoking, family history of lung cancer and prior medical history of

pneumonia.

4.1.1 Gender distribution
A total of 30 samples patients were studied and the results show a

clear gender-specific difference in lung cancer rates, with much higher rates in

men (93%) than in women (Figure 4.1).

Figure 4.1 Distribution of cases by gender.
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4.1.2 Living area
Lung cancer patients were distributed allover Gaza strip as follows: 5

cases (17%) from North Gaza, 10 cases (33%) from Gaza City, 3 cases

(10%) from Middle Area, 8 cases (27%) from Khan Younis City and 4 cases

(13%) from Rafah City (Figure 4.2).

Gaza
33%

Middle Area
10%

Rafah
13%

North Area
17%

Khan Younis
27%

Gaza

Khan Younis

Middle Area

Rafah

North Area

Figure 4.2 Distribution of cases by living area.

4.1.3 Age distribution
The age distribution between the cases and controls is described in

table (4.1). The mean age of case and control groups was not different as

both groups were matched in age.

Table4.1: Age distribution of cases and controls
Lung cancer cases Control

Age

Mean ±SD 61.4 ± 9.1 60.4 ± 7.9

Median (min-max) 61.5 (45-80) 61(43-80)
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4.1.4 Case distribution according to place of sample collection

The patient samples were collected from lung cancer patients admitted

to Oncology departments of two main hospitals in Gaza Strip, Al-Shifa

Hospital (17 cases, 56%) and the European Gaza Hospital (13 cases, 44%,

figure 4.4).

Figure 4.3 Distribution of lung cancer samples by place of collection

4.1.5 Distribution of cases by type of lung cancer.
Two main types of lung cancer were encountered in this study. Twenty

one cases (70%) were the small cell lung cancer (SCLC) type and nine cases

(30%) were of the non-small cell lung cancer (NSCLC) type. Two cases of the

NSCLC were Adenocarcinoma (Figure 4.4). The diagnosis of each type of

lung cancer was confirmed previously by diagnostic tools in the managing

hospitals.

30%

70%

NSCLC

SCLC

Figure 4.4 Distribution of cases by type of lung cancer.
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4.1.6 History of lung infectious diseases
The distribution of cases and controls by history of lung infectious

diseases was statistically significant with 40% of cases compared to none of

the control group (P-value = 0.00, OR = 1.765, table 4.2). Moreover, most of

those with a history of lung infectious diseases are among smoker cases (P-

value = 0.00). We found 11 cases suffering from lung infectious diseases was

a smoker case while one case suffering from lung infectious diseases was in

non-smoker cases.

Table 4.2: Distribution of cases and controls by history of lung

infectious diseases

Controls Cases P-Value

lung infectious diseases
Yes 0 (0%) 12 (40%)

0.00
No 60 (100%) 18 (60%)

In our study, the small number of cases with a history of pneumonia

emphasizes the need for further studies with larger study population to

confirm such a relationship. Nevertheless, this association can’t be neglected,

because it is consistent with other studies that have also reported increased

risks associated with pneumonia (Denholm R. et al., 2014, Ibrahim M. et. al.,

2013, Brenner R. et. al., 2011, Zhan P. et. al., 2011). Chronic inflammation

has been shown to increase cancer risk by influencing every stage of cancer

from initiation, promotion, invasion, and metastasis via induction of oncogenic

mutations and genomic instability, local immunosuppression, and

angiogenesis (reviewed in Grivennikov et al 2010). Chronic inflammation

triggered by tobacco smoke has been shown to promote lung carcinogenesis

(Takahashi et al 2010). Inflammation induced by cigarette smoke also

promotes COPD, a disease associated with increased lung cancer risk

(Grivennikov et al 2010, Punturieri et al 2009). In contrast, nicotine itself

appears to suppress immune function and has been shown to be protective

against inflammatory diseases such as pneumonia and ulcerative colitis

(Rubin and Hanauer 2000, Blanchet et al 2004, Shivji et al 2005).

Suppression of the immune response by nicotine may impact immune
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surveillance, preventing the clearance of nascent tumor cells (Gahring and

Rogers 2006, Grivennikov et al 2010).

4.1.7 Smoking status
Only 4 lung cancer cases were non-smoker cases while the rest 26

were smoker cases (Figure 4.5).

Figure 4.5 Distribution of cases by status of smoking.

4.1.8 Cigarettes per day
The amount of cigarettes smoked per day by lung cancer patients and

smoker controls was not statistically significantly different (table 4.3, P-value =

0.823).

Table4.3: Number of cigarettes per day

Smoker Lung cancer cases Smoker control P-value

Mean ±SD 30.2±13.2 31.0±12.5

0.823Median (min-
max)

30 (10-60) 30 (15-57)

4.1.9 Duration of Smoking
Few patients have quitted smoking just after being diagnosed and thus

were combined with current smokers in one group (Smokers).
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The cumulative period of smoking (in years) was found to have

significant relation to lung cancer susceptibility (mean = 28.0 ±10.5 years for

smoker controls, compared to 39.04 ±12.7 years in smoker cases (P-value

=0.001, figure 4.7).

Table4.4: Distribution of cases and controls by duration of smoking (Years)

Smoker Lung cancer cases Smoker control P-value

Mean ±SD 39.04 ±12.7 28.0 ±10.5 0.001

These result support that the duration of smoking (period of exposure

to carcinogens) also can be considered as risk factor for lung cancer and this

finding is supported by other researches (Cancer Research UK Statistical

Information Team. 1978, Doll R. et. al., 2005, Lubin JH. et. al., 2006, Chen

LS. et. al., 2015).

The age at which one starts smoking thus can be associated with the

risk for lung cancer. Smoking at an earlier age exposes the smoker more and

more to carcinogenic substance present in cigarettes that may initiate the

process of cellular transformation. This speculation is supported by results of

others (Flanders WD. et. al., 2003; Al-Moustafa A. 2012).

4.1.10 Qualitative detection of SNPs.
Ninety subjects were recruited for the study. Samples were

genotyped for rs16969968, rs1051730, rs402710, rs2736100, rs4324798

and rs9295740. The allele specific amplification and analysis of each SNP

was performed successfully as shown in Figure 4.6. The presence of PCR

bands with different sizes in the agarose gel indicated the genotype of the

samples.



32

A.

B.

C.

D.
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E.

F.

Figure 4.6 The electrophoresis profiles for representative amplifications.
rs16969968 (A), rs1051730 (B), rs402710 (C), rs4324798 (D), rs2736100 (E) and
rs9295740 (F). N = is the lane for amplification with primers specific for the normal
allele, Mu = is the lane for amplification with primers specific for the mutant allele, M=
DNA ladder (marker). See materials and methods for more details.

4.2 SNPs Genotyping and Relations
4.2.1 rs16969968, G>A

The genotype of the SNP (rs16969968) in the cases and the unrelated

smoker and non-smoker controls is illustrated in table 4.5 and figure 4.6A.

When the Hardy-Weinberg equilibrium is applied in our study

population, the allelic frequency for the “A” allele of the SNP rs16969968 was

23.89% (P-value= 0.6165). In comparison, the documented frequency was

39% in Utah residents with ancestry from northern and western Europe

(CEPH) populations, 1% in Japanese in Tokyo (JPT) populations, 3% Han

Chinese in Beijing (CHB), 8% in African American population, 40.2% in

Toscani in Italia (TSI) populations, 22.4% in Mexican ancestry in Los Angeles

(MEX) populations and 21.3% in Gujarati Indians in Houston (GIH)

populations (PharmGKB, 2010).
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The allelic frequency of the susceptibility allele is higher in the case

group (36.7%) than in the control group (17.5%, table 4.5). The distribution of

alleles among case and control is statistically significant (P-value = 0.022)

Table 4.5: The distribution of alleles among case and control
Control
(n=60)

Case
(n=30) Total (n=90) P-value

rs16969968

G 41(68.3%) 12 (40%) 53 (58.9%)

0.022GA 17 (28.3%) 14
(46.7%) 31 (34.4%)

A 2 (3.4%) 4 (13.3%) 6 (6.7)
Allele Frequency 17.5% 36.7% 23.9% 0.6165

By examining the potential role of carriage of the A- allele as a risk

factor for lung cancer, heterozygousity and particularly homozygousity for the

susceptibility allele ‘A’ was found to increase the risk for lung cancer when

compared to the wild type genotype (OR= 2.81 and 6.83 respectively; table

4.6).

Lips E. et. al. (2011) has explained that the strong association between

the SNP and Lung cancer risk (OR= 1.30, 95% CI1.23-1.38, P = 1 x10-18),

was virtually unchanged after adjusting for smoking (Smoking adjusted OR=

1.27, 95%CI 1.19-1.35, P= 5x10-13). In addition, Chen S. et. al., 2015

emphasized the clinical significance of the CHRNA5 variant rs16969968 as a

predictor of delayed smoking cessation and an earlier age of lung cancer.

Table 4.6: Variant genotype with lung cancer risk

Genotype
Risk

P-value
OR 95%CI

rs16969968
G/A

GA+AA vs GG 3.23 1.30-8.05 0.010
GA vs GG 2.81 1.08-7.32 0.029
AA vs GG 6.83 1.11-41.97 0.041

As previously pointed out, the mean number of cigarettes/day (CPD)

was not significantly different between the smoker controls and cases (table

4.3, P-value = 0.823). However, the allelic frequency of the susceptibility allele

was higher in the case than in the control (36.7% vs 23.3% respectively; table
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4.7). This suggests a role for this allele in predisposition to lung cancer apart

from smoking. This suggested role was previously pointed out (Timofeeva N.

et. al. 2012).

The differences in distribution of the rs16969968 between the smoker

control and smoker cases was not statistically significant (P-value = 0.272;

table 4.7).

Because of the small sample size, analysis of statistical significance

could not be applied to compare between non-smoker case (n=4) and non-

smoker control (n=30).

By calculating the allelic frequency of the A allele in nonsmokers and

smokers regardless of lung cancer, the frequency was higher in smokers

(29.1%) than nonsmokers (15.7%). Furthermore, table 4.8 shows that the

higher the proportion of the A allele, the higher the mean CPD (P- value =

0.006). Accordingly, we may look at homo- or heterozygousity for the A- allele

as a predisposing factor for smoking dependence, which in turn confers the

individual susceptible to lung cancer. This assumption strengthens previously

reported conclusions that association of this variant with lung cancer risk is

likely mediated largely, if not wholly, via tobacco exposure (Munafò R. et. al.,

2012).

Our results also confirm and extend previous findings for associations

between rs16969968 and lung cancer, and smoking quantity (Amos et. al.,

2008; Spitz R. et al., 2008, Gabrielsen E. et. al., 2013). The rs16969968 was

shown to exhibit evidence of a recessive mode of inheritance, with

homozygotes having a 2-fold increase in risk of developing nicotine

Table 4.7: Allele distribution among smoker cases and smoker controls
Control
(CPD=

31.0±12.5)

Case
(CPD=

30.2±13.2)
P-Value

GG 18 10
0.272GA 10 13

AA 2 3
frequency 23.3% 36.7%
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dependence once exposed to cigarette smoking (Saccone F. et al., 2007).

Hong et al. (2010) found a significant association (p = 0.020) between the

rs16969968 variant and smoking among 149 smokers and 148 nonsmokers

(odds ratio of 1.84, P = 0.03 for 1 allele; odds ratio of 3.59, P = 0.032 for 2

alleles). The two variants of the nicotinic acetylcholine receptor subunit genes

CHRNA5 and CHRNA3 on 15q25, rs16969968 and rs578776, were

previously found associated with cotinine (P = 0.001 and 0.03, respectively) in

current smokers and with lung cancer risk (P < 0.001 and P = 0.001,

respectively) (Timofeeva N. et. al. 2012). Furthermore, the serum nicotine

level was reported to be significantly correlated with the results of the

Fagerström test for Nicotine Dependence (P<0.001) establishing for the first

time a relationship between (rs16969968) and the strength of nicotine

addiction (Wojas-Krawczyk K. et. al. 2012). Carriers of the A allele expressed

significantly higher levels of nicotine when compared with the carriers of the

GG genotype (P=0.05).

Similar to our results (tables 4.3 and 4.4), the increasing nicotine levels

were previously reported to indicated an increased risk of lung cancer with

each additional copy of the rs1051730 and rs16969968 risk allele (per-allele

odds ratio = 1.31, 95% CI = 1.21 to 1.42) (Munafò R. et. al., 2012).

On the other hand, few other reports concluded that cigarette

consumption/day is not an adequate measure of smoking dose (Le Merchand

L. et al., 2008). Moreover, other research yet demonstrated that the CHRNA5-

A3-B4 gene variants (rs16969968, rs588765 and rs578776) do not exhibit a

robust association with smoking cessation and are unlikely to be useful for

clinically optimizing smoking cessation pharmacotherapy for Caucasian

smokers (Tyndale RF. et. al., 2015).
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Table 4.8: SNPs in nAChR gene vs number of cigarettes per day (CPD)

SNP
CPD

P-ValueALL case and
smoker control

rs16969968

GG 25.54±11.6

0.006GA 36.04±12.2

AA 40.0±15.81

The distribution of rs16969968 in the case group according to the type

of lung cancer (SCLC or NSCLC) is shown in table 4.9. The allelic frequency

of the susceptibility allele “A” in SCLC (35.7%) was lower than in NSCLC

(38.9%). However, this difference was not statistically significant (P-

value=0.815). Similarly, the distribution of cases by cancer type was not

significant in terms of the status of ever suffering from pneumonia, (P-

value=0.100).

Table 4.9: Distribution of the rs16969968 between patients depends on

lung cancer type.

SNP
Cancer Type

P-Value
SCLC NSCLC

GG 9 (42.8%) 3 (33.4%)

0.815GA 9 (42.8%) 5 (55.5%)

AA 3 (14.4%) 1 (11.1%)

Allele Frequencies 35.7% 38.9%

4.2.2 rs1051730, C>T
The genotype of the SNP (rs1051730) in the cases and the unrelated

smoker and non-smoker controls is illustrated in table 4.10 and figure 4.6B.

When the Hardy-Weinberg equilibrium is applied in our study

population, the allelic frequency for the “T” allele of the SNP rs16969968 was

31.11% (P-value= 0.887). In comparison, the documented frequency was
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39% in Palestinian population (ALFRED. 2014) 39% in Utah residents with

ancestry from northern and western Europe (CEPH) populations, 10% in YRI

(Yoruba) populations, 1% in Japanese in Tokyo (JPT) populations, 4% Han

Chinese in Beijing (CHB), 19% in African American population, 41.2% in

Toscani in Italia (TSI) populations, 21.6% in Mexican ancestry in Los Angeles

(MEX) populations and 21.3% in Gujarati Indians in Houston (GIH)

populations (PharmGKB. 2008).

The allelic frequency of the susceptibility allele is higher in the case

group (46.7%) than in the control group (22.5%, table 4.10). The distribution

of alleles among case and control is statistically significant (P-value = 0.001).

Table 4.10: The distribution of alleles among case and control
Control
(n=60) Case (n=30) Total (n=90) P-value

rs1051730
CC 34 (56.7%) 9 (30.0%) 43 (47.8%)

0.001CT 25 (41.7%) 14 (46.7%) 39 (43.3%)
TT 1 (1.6%) 7 (23.3%) 8 (8.9%)

Allele Frequency 22.5% 46.7% 30.5% 0.8870

By examining the potential role of carriage of the T- allele as a risk

factor for lung cancer, the form of heterozygousity and particularly

homozygousity for the susceptibility allele ‘T’ was found to increase the risk

for lung cancer when compared to the wild type genotype (OR= 3.05; table

4.11).

Previous studies was suggested that CHRNA3 rs1051730

polymorphism is a risk factor associated with increased lung cancer

susceptibility among Asian population (Liu P. et. al. 2010, Ping Z. and Yong S.

2015), but these associations vary in different ethnic populations (Gu M. et. al.

2012; Hu B. et. al. 2014), also it associated with the risk for lung

adenocarcinoma (p-value = 1.9×10-10, Tseng S. et. al. 2014)

In the other side, other research concluded that the rs1051730 was not

associated with lung cancer risk (Girard N. et. al. 2010).
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Table 4.11 : Variant genotype with lung cancer risk

Genotype
Risk

P-value
OR 95%CI

rs1051730 C/T
CT+TT vs CC 3.05 1.20–7.75 0.015
CT vs CC 2.20 0.82–5.91 0.113
TT vs CC 13.22 2.33–74.9 0.001

As previously pointed out, the mean number of cigarettes/day (CPD)

was not significantly different between the smoker controls and cases (table

4.3, P-value = 0.823). But, the allelic frequency of the susceptibility allele was

higher in the smoker case than in the smoker control (46.7% vs 22.5%

respectively; table 4.10). This suggests a role for this allele in predisposition to

lung cancer apart from smoking. These results supported by previously study

(Ren JH. et. al. 2013).

The differences in distribution of the rs1051730 between the smoker

control and smoker cases was statistically significant (P-value = 0.015; table

4.12).

Because of the small sample size, analysis of statistical significance

could not be applied to compare between non-smoker case (n=4) and non-

smoker control (n=30).

By calculating the allelic frequency of the T allele in nonsmokers and

smokers regardless of lung cancer, the frequency was higher in smokers

(26.6%) than nonsmokers (18.3%). Furthermore, table 4.13 shows that the

higher the proportion of the T allele, the higher the mean CPD (P- Value =

0.015). Accordingly, we may look at homo- or heterozygousity for the T- allele

Table 4.12: Allele distribution among smoker cases and smoker controls
Control
(CPD=

31.0±12.5)

Case
(CPD=

30.2±13.2)
P-Value

CC 14 7
0.015CT 16 13

TT 0 6
frequency 26.7% 41.7%
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as a predisposing factor for smoking which in turn confers the individual

susceptible to lung cancer.

Our results also confirm and extend previous findings for smoking

intensity, which demonstrate that in the smokers the heterozygotes (CT) and

homozygotes (TT) for rs1051730 genotype had higher smoking intensity

compared with non-carriers (CC) (Wium-Andersen K. et. al., 2015). Also the

previous study explained that the tobacco consumption was 21.1 pack-years

in non-carriers, 22.8 in heterozygotes and 24.8 in homozygotes (P-

trend<0.001, Rode L. et. al., 2014).

In other study, it's showed a stronger association of rs1051730-

rs16969968 (mentioned previously) genotype with objective measures of

tobacco exposure compared with self-reported cigarette consumption. The

association of these variants with lung cancer risk is likely to be mediated

largely, if not wholly, via tobacco exposure. And it's explained that the

increasing in nicotine levels indicated an increased risk of lung cancer with

each additional copy of the rs1051730-rs16969968 risk allele (per-allele odds

ratio = 1.31, 95% CI = 1.21 to 1.42; Munafò R. et. al., 2012; Ware J. et. al.,

2015).

Previous study, suggested to that the rs1051730 functions as a genetic

modifier of the risk of developing lung adenocarcinoma (ADC) in the Chinese

population, particularly in nonsmoking females (He P. et. al., 2014; Tseng S.

et. al., 2014)

But in different researches, they was demonstrate that no association

between the smoking habit and the CHRNA3 rs1051730 polymorphism was

observed (Li C. et. al. 2013), and no correlation with smoking cessation

(Leung T. et. al., 2015).
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Table 4.13: SNPs in nAChR gene vs number of cigarettes per
day (CPD)

SNP
CPD

P-valueALL case and smoker
control

rs1051730

0.015
CC 24.86±12.97

CT 33.00±10.36

TT 39.17±15.62

The distribution of rs1051730 in the case group according to the type of

lung cancer (SCLC or NSCLC) is shown in table 4.14. The allelic frequency of

the susceptibility allele “T” in SCLC (50.0%) was higher than in NSCLC

(38.8%). However, the distribution of rs1051730 in cases group depending on

the type of lung cancer (SCLC or NSCLC) was not statistically significant (P-

value=0.582). Similarly, the distribution was not significant according to the

status of ever suffering from pneumonia, (P-value=0.350).

Table 4.14: Distribution of the rs1051730 between patients

depends on lung cancer type.

SNP
Cancer Type

P-Value
SCLC NSCLC

CC 6 (28.5%) 3 (33.3%)

0.582CT 9 (43.0%) 5 (55.6%)

TT 6 (28.5%) 1 (11.1%)

Allele Frequencies 50.0% 38.8%

4.2.3 rs402710, C>T
The genotype of the SNP (rs402710) in the cases and unrelated

smoker and non-smoker controls is illustrated in table 4.15 and figure 4.6C.

When the Hardy-Weinberg equilibrium is applied in our study

population, the allelic frequency for the “T” risk allele of the SNP rs402710

was 17.2% and the allelic distribution was in equilibrium (P-value= 0.807). In
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comparison, according to the Allele Frequency Database, the documented

frequency was 23% in Palestinian population (ALFRED, 2014), 48% in African

populations, 35% in Mixed American, 31% in East Asian, 33% in European

population and 16% in South Asian populations (ENSEMBLE, 2015).

The allelic frequency of the susceptibility allele is higher in the case

group (28.3%) than in the control group (14.2%, table 4.15). The distribution

of alleles among case and control is statistically significant (P-value = 0.015).

Table 4.15: The distribution of alleles among case and control
Control (n=60) Case (n=30) Total (n=90)

rs402710
CC 45(75.0%) 15 (50.0%) 60 (66.7%)
CT 13 (21.7%) 13 (43.3%) 26 (28.9%)
TT 2 (3.3%) 2 (6.7%) 4 (4.4)

Allele Frequency 14.2% 28.3% 18.9%

By examining the potential role of carriage of the T- allele as a risk

factor for lung cancer, heterozygousity or homozygousity for the susceptibility

allele ‘T’ was found to increase the risk for lung cancer when compared to the

wild type genotype (OR= 3.00; table 4.16). in consistence with this result,

previous studies found that rs402710, confers significantly greater risks for

adenocarcinoma and squamous cell carcinoma when stratified by the

histological type of tumor, (Chen XF. et. al., 2012; Wu H. and Zhu R., 2014),

or for lung cancer in general in different populations (Jin G et. al., 2009; Li H.

et. al. 2012; Zhao DP. et. al., 2014).

The risk allele of rs402710 was reported to be associated with

significantly higher levels of bulky aromatic/hydrophobic DNA adducts (P =

0.02); demonstrating a potential association between the allele and DNA

adducts formation and hence a basis for susceptibility to the development of

lung cancer (Zienolddiny S. et. al., 2009).

Interestingly, two studies found rs402710 to be associated with

decreased lung cancer risk (Lu X. et. al., 2013 and Xun X. et. al., 2014).
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Table4.16: Variant genotype with lung cancer risk

Genotype
Risk

P-value
OR 95%CI

rs402710 C/T
CT+TT vs CC 3.00 1.19–7.55 0.018
CT vs CC 3.00 1.14–7.88 0.023
TT vs CC 3.00 0.38–23.19 0.273

No statistically significant differences could be found in the distribution

of rs402710 SNP between smoker control and smoker cases (P-value =

0.621; table 4.17). In addition, because of the small sample size, analysis of

statistical significance to compare between non-smoker case (n=4) and non-

smoker control (n=30) was not feasible.

Table 4.17: Allele genotypes and its correlations
rs402710 C/T Type

P-value
Control Case

Smoker
CC 22 16

0.621CT 6 8
TT 2 2

Allele Frequency 16.7% 23.1%

By calculating the allelic frequency of the T allele in nonsmokers and

smokers regardless of lung cancer, the frequency was higher in smokers

(20.0%) than nonsmokers (8.3%), which may point out to a possible role of

the SNP in smoking. However, table 4.18 shows that the mean number of

cigarettes smoked per day was not significantly different in smoker cases

compared to smoker controls (P-value = 0.621). Similarly the duration of

smoking was not found to be significantly different (P-value = 0.437,

table4.19). Therefore, we may conclude that the risk allele independently

increases the risk for lung cancer with no relation to smoking. This conclusion

is confirmed by findings of a previous study that reported lack of association

between the amount of cigarettes and the carriage of the SNP rs402710 (p =

0.74, McKay et. al., 2008).
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Table 4.18: rs402710 vs number of cigarettes per day (CPD)

SNP CPD P-valueALL case and smoker control
rs402710

0.621
CC 29.97±13.85

CT 32.25±11.17

TT 26.67±11.55

Table 4.19: rs402710 vs duration of smoking

SNP Duration (Yrs) P-valueALL case and smoker control
rs402710

0.437
CC 34.7±13.1

CT 30.2±12.8

TT 35.0±5.0

The distribution of rs402710 in the case group according to the type of

lung cancer (SCLC or NSCLC) is shown in table 4.20. The allelic frequency of

the susceptibility allele “T” in SCLC (21.4%) was lower than in NSCLC

(44.2%). However, the distribution of rs402710 in cases group depending on

the type of lung cancer (SCLC or NSCLC) was not statistically significant (P-

value=0.137). Similarly, the distribution was not significant according to the

status of ever suffering from lung infectious diseases (P-value=0.266). As

mentioned earlier, some studies have established a statistically significant

relation between the CT genotype at rs402710 and lung adenocarcinoma, a

type of NSCLC (Truong T. et. al., 2010, Chen XF. et. al., 2012).
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Table 4.20: Distribution of the rs402710 between patients depends on lung

cancer type.

SNP
Cancer Type

P-Value
SCLC NSCLC

CC 13 (61.9%) 2 (22.2%)

0.137CT 7 (33.3%) 6 (66.7%)

TT 1 (4.8%) 1 (11.1%)

Allele Frequencies 21.4% 44.2%

4.2.4 rs2736100, G>T
The genotype of the SNP (rs2736100) in the cases and the unrelated

smoker and non-smoker controls is illustrated in table 4.21 and figure 4.6E.

When the Hardy-Weinberg equilibrium is applied in our study

population, the allelic frequency for the “T” allele of the SNP rs2736100 was

23.89% (P-value= 0.9371). In comparison, the documented frequency was

37% in Palestinian population (ALFRED. 2014), while it was 47.3% in Utah

residents with Northern and Western European ancestry (CEU) populations,

62.4% in Japanese in Tokyo (JPT) populations, 56.4% Han Chinese in Beijing

(CHB), 52% in African American population, 46.6% in Toscani in Italia (TSI)

populations, 61.2% in YRI (Yoruba) populations, 35.5% in Indian American

population (GIH) and 41.4% in Maasai Kenya population (MKK, NCBI. 2015).

The allelic frequency of the susceptibility allele is higher in the case

group (35.0%) than in the control group (18.3%, table 4.21). The distribution

of alleles among case and control is statistically significant (P-value = 0.044)

Table 4.21: The distribution of alleles among case and control
Control (n=60) Case (n=30) Total (n=90)

rs2736100

GG 40 (66.7%) 12 (40.0%) 52 (57.8%)

GT 18 (30.0%) 15 (50.0%) 33 (36.7%)

TT 2 (3.3%) 3 (10.0%) 5 (5.5%)

Allele Frequency 18.3% 35.0% 23.8%
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By examining the potential role of carriage of the T- allele as a risk

factor for lung cancer, heterozygousity and homozygousity for the

susceptibility allele ‘T’ was found to increase the risk for lung cancer when

compared to the wild type genotype (OR= 4.33; table 4.22).

These results was supported by previous study which showed that

rs2736100 was associated with the risk of lung cancer not only in an additive

model (OR=1.19, 95% CI: 1.04-1.35; p=0.01), but also in a dominant model

(OR=1.14, 95% CI: 1.01-1.28; p=0.03) (Wang HM. et. al., 2013). And in

another research, its results indicated that a genetic variation rs2736100 may

increase lung cancer risk, which is consistent with earlier prospective studies

relating longer telomere length with increased lung cancer risk (Machiela MJ.

et. al., 2015).

Gene variations rs2736100 and rs2853676 in TERT and rs401681 and

rs31489 in CLPTM1L had significant direct associations on lung

adenocarcinoma without indirect effects through nicotine dependence (Tseng

TS et. al., 2014). Also, Yin Z et. al., 2014 found that TERT polymorphism

(rs2736100) might be a genetic susceptibility factor for lung cancer in non-

smoking females in China. Yang J. and its team demonstrated there an

association between rs2736100 and increased risk of lung cancer. Subgroup

analysis by ethnicity demonstrated a significant association among both Asian

and Caucasian populations. They additionally founded an increased risk of

non-small cell lung cancer and lung adenocarcinoma strongly associated with

rs2736100 (Yang J. et. al., 2014).

The other researches demonstrated that TERT rs2736100

polymorphism is a risk factor associated with increased lung cancer

susceptibility, particularly for lung adenocarcinoma (Yuan Y. et. al., 2014; Nie

W. et. al., 2014; Wu H. and Zhu R., 2014).

While the Liu SG. and his team suggested that rs2736100 on TERT-

CLPTM1L indicates a poor prognosis for lung cancer in the Chinese Han

population (Liu SG. et. al., 2015).
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Table 4.22: Variant genotype with lung cancer risk

Genotype
Risk

P-value
OR 95%CI

rs2736100 G/T

GT+TT vs GG 4.33 1.53–12.29 0.005
GT vs GG 4.82 1.53–15.14 0.005
TT vs GG 2.89 0.38–22.04 0.287
GT+GG vs TT 2.071 0.27–15.48 0.468

As previously pointed out, the mean number of cigarettes/day (CPD)

was not significantly different between the smoker controls and cases (table

4.3, P-value = 0.823). However, the allelic frequency of the susceptibility allele

was higher in the case than in the control (35% vs 18.3% respectively; table

4.21). So it can be consider as risk factor for lung cancer susceptibility apart

of smoking.

The differences in distribution of the rs2736100 between the smoker

control and smoker cases was not statistically significant (P-value = 0.366;

table 4.23).

Because of the small sample size, analysis of statistical significance

could not be applied to compare between non-smoker case (n=4) and non-

smoker control (n=30).

By calculating the allelic frequency of the T allele in nonsmokers and

smokers regardless of lung cancer, the frequency was higher in smokers

(23.3%) than nonsmokers (13.3%). Furthermore, we also investigated

rs2736100 in the context of smoking intensity among controls and cases, and

Table 4. 23: Allele distribution among smoker cases and smoker controls
Control
(CPD=

31.0±12.5)

Case
(CPD=

30.2±13.2)
GG 17 11

0.366GT 12 12
TT 1 3

Allele frequency 23.3% 34.6%
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did not observed any association between number of cigarettes consumed

per day and rs2736100 (P- value = 0.269, table 4.24).

Table 4.24: rs2736100 vs number of cigarettes per day (CPD)

SNP

CPD

P-ValueALL case and smoker
control

rs2736100

GG 33.21±12.73

0.269GT 27.46±12.28

TT 31.25±14.36

The distribution of rs2736100 in the case group according to the type of

lung cancer (SCLC or NSCLC) is shown in table 4.25. The allelic frequency of

the susceptibility allele “T” in SCLC (35.7%) was higher than in NSCLC

(33.3%).

Table 4.25: Distribution of the rs2736100 between patients depends on lung

cancer type.

SNP
Cancer Type

SCLC NSCLC
GG 9 (42.8%) 3 (33.3%)

GT 9 (42.8%) 6 (66.7%)

TT 3 (14.4%) 0 (0.0%)

Allele Frequencies 35.7% 33.3%

However, the distribution of rs2736100 in cases group depending on

the type of lung cancer (SCLC or NSCLC) was not statistically significant (P-

value=0.366). Similarly, the distribution was not significant according to the

status of ever suffering from pneumonia, (P-value=0.180).
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4.2.5 rs9295740, G>A
Table 4.26 presents the distribution of cases and smoker and non-

smoker controls by genotype of the SNP (rs9295740). The distribution of

alleles among case and control is not statistically significant (P-value = 0.075).

The overall frequency of the risk allele “A” is 20.0%, and the alleles are

in Hardy-Weinberg equilibrium (P-value= 0.3564), but the allele frequency

according to ALFRED database was 24% in Palestinian population (ALFRED,

2014). The allele frequency was 40% in African American populations, 27% in

Chinese in Beijing (CHB) population, 17% in Japanese population, 18% in

Indian American population (GIH) and 20% in Italian populations (TSI,

ensemble 2015).

The allelic frequency of the susceptibility allele is higher in the case

group (30.0%) than in the control group (15.0%, table 4.26, figure 4.6F).

Table 4.26: The distribution of alleles among case and control
Control (n=60) Case (n=30) Total (n=90)

rs9295740

G 44 (73.3%) 15 (50.0%) 59 (65.6%)

GA 14 (23.3%) 12 (40.0%) 26 (28.9%)

A 2 (3.4%) 3 (10.0%) 5 (5.5%)

Allele Frequency 15.0% 30.0% 20.0%

In order to determine the role of this SNP in conferring susceptibility to

lung cancer the odds ratio was calculated for each pair of genotypes and

listed in table 4.27. The A-allele, in homozygous or heterozygous genotype,

was found to increase the risk for lung cancer when compared to the wild type

genotype (OR= 2.75; table 4.27).

Table 4.27: Variant genotype with lung cancer risk

Genotype
Risk

P-value
OR 95%CI

rs9295740 G/A

GA+AA vs GG 2.75 1.10–6.87 0.026
GA vs GG 2.51 0.95–6.62 0.052
AA vs GG 4.40 0.67–28.91 0.099
GA+GG vs AA 3.22 0.51–20.42 0.193
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Other reports have identified the SNP rs9295740 at the region of

chromosome 6p (6p22.1) to be associated with risk to lung cancer (Wang et.

al., 2008). In favor of this result, three common variations (rs4324798,

rs3117582, and rs9295740) on 6p21 were previously reported to increases

the risk for lung cancer susceptibility with variable extents in different ethnic

populations (TanTai J. et. al. 2014). The SNP was identified as a risk locus for

lung cancer in Caucasian populations (Zhang M. et. al., 2010). Other reports

however, failed to detect possible association between the SNP and lung

cancer risk in Chinese populations and in Korean population (Zhang M. et. al.,

2010; Bae EY. et. al., 2012).

The allelic distribution of the SNP between smoker cases and smoker

controls was analyzed. The allelic frequency of the susceptibility allele was

higher in the smoker cases than in the smoker controls (32.7% vs 10.0%

respectively; table 4.28), and the distribution was statistically significant (P-

value = 0.016). Recall that the mean number of cigarettes/day (CPD) was not

significantly different between the smoker controls and cases (table 4.3, P-

value = 0.823). Therefore, we may claim that the SNP is predisposing to lung

cancer separately from smoking. Further support for this conclusion comes

from analysis of the distribution of the alleles in nonsmokers and smokers

irrespective of lung cancer; the frequency was higher in nonsmokers (20.0%)

than smokers (10.0%) (Table 29, P-values=.266). Furthermore, smoking

intensity, evaluated by number of cigarettes smoked per day, was not

significantly different between cases and controls having different allelic

genotypes (P- value = 0.269, table 4.30). Similarly, years of smoking were not

significantly different in the different genotypes (P-value = 0.255; table 4.31).

Table 4. 28: Allele distribution among smoker cases and smoker controls

P-valueControl
(CPD= 31.0±12.5)

Case
(CPD= 30.2±13.2)

GG 24 12
0.016GA 6 11

AA 0 3
Allele frequency 10.0% 32.7%
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Table 4.30: rs9295740 vs number of cigarettes per day (CPD)

SNP

CPD

P-Valuesmoker case and
control

rs9295740

GG 30.19±11.99

GA 30.41±14.31 0.269

AA 36.67±15.28

Table 4.31: rs9295740 vs years of smoking between smoker cases and
controls

SNP
Years of Smoking

P-Value
smoker case and control

rs9295740

GG 32.31±12.25

GA 32.76±13.23 0.255

AA 45.00±15.0

The distribution of rs9295740 in the case group according to the type of

lung cancer (SCLC or NSCLC) is shown in table 4.32. The allelic frequency of

the susceptibility allele “A” in SCLC (33.3%) was higher than in NSCLC

Table 4.29: Allele distribution among smoker and non-smoker controls
Smoker
Control

Non-Smoker
Control P-value

GG 24 20
0.266GA 6 8

AA 0 2
Allele frequency 10.0% 20.0%
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(22.2%). However, the distribution of rs9295740 in cases grouped by the type

of lung cancer (SCLC or NSCLC) was not statistically significant (P-

value=0.490). Similarly, the distribution was not significant according to the

status of ever suffering from lung infectious disease, (P-value=0.547).

In a previous study, the SNP rs9295740 G/A was found associated

with NSCLC risk and it suggested that rs9295740 may be considered a

prognostic biomarker for advanced NSCLC (de Mello RA. et. al., 2013).

Table 4.32: Distribution of the rs9295740 between patients depends on

lung cancer type.

SNP
Cancer Type

SCLC NSCLC
GG 10 (47.6%) 5 (55.6%)

GA 8 (38.1%) 4 (44.6%)

AA 3 (14.3%) 0 (0.0%)

Allele
Frequencies

33.3% 22.2%

4.2.6 rs4324798, G>A
The genotype of the SNP (rs4324798) in the cases and the unrelated

smoker and non-smoker controls is depicted in table 4.33, figure 4.6D. The

distribution of alleles among case and control is statistically significant (P-

value = 0.000). The allelic frequency of the allele “A” is lower in the case

group (0.0%) than in the control group (20.0%, table 4.33).

The overall frequency of the “A” allele is 13.3% and its distribution

among the entire population is in Hardy-Weinberg equilibrium (P-value=

1.444). In comparison, the documented frequency was 9% in African (AFR)

populations, 2% in American (AMR) populations, 0% East Asian (EAS)

population, 7% in European (EUR) populations, 0% in South Asian (SAS)

populations (Ensemble 2015) and 2% in Palestinian populations (ALFRED

2014).
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Table 4.33: The distribution of alleles among case and control
Control (n=60) Case (n=30) Total (n=90)

rs4324798

GG 36 (60.0%) 30(100.0%) 66 (65.6%)

GA 24 (40.0%) 0 (0.0%) 24 (28.9%)

AA 0 (0.0%) 0 (0.0%) 0 (0.0%)

Allele Frequency 20.0% 0.0% 13.3%

In order to examine the potential role of the “A” allele in lung cancer we

calculated the odds ratio for homo- or heterozygousity compared to the wild

type allele (table 4.34). The allele ‘A’ was not found to be compatible with

increasing the risk for lung cancer (OR= 0.55). Conversely, its absence from

the case group suggests a protective role against lung cancer. Different

literature reports concluded that the “A” allele is associated with predicting the

overall survival of lung cancer patients and particularly of SCLC patients

(Yang P. et. al. 2010, Xun W. et. al., 2011).

Table 4.34: Variant genotype with lung cancer risk

Genotype
Risk

P-value
OR 95%CI

rs4324798 G/A
GA+AA vs GG 0.55 0.44-0.68 0.000
GA vs GG 0.55 0.44-0.68 0.000

Similar results were expectedly obtained by comparing the allelic

distribution of the SNP between smoker cases and smoker controls (Table

4.35).

Table 4. 35: Allele distribution among smoker cases and smoker controls

P-valueControl
(CPD=

31.0±12.5)

Case
(CPD=

30.2±13.2)
GG 18 26

0.000GA 12 0
AA 0 0

Allele frequency 20.0% 0.0%
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By calculating the allelic frequency of the A allele in nonsmokers and

smokers regardless of lung cancer, the frequency was the same in smokers

and nonsmokers (20.0%) (Table: 4.36).

Table 4.36: Distribution of rs4324798 among controls

SNP
Controls

P-Value
Smoker Non-Smoker

rs9295740

GG 18 18 0.604

GA 12 12

Allele Frequency 20 % 20 %

Furthermore, we also investigated rs4324798 in the context of smoking

intensity among controls and cases, and we did not observed any statistically

significant difference between genotypes of the SNP rs4324798 and the

number of cigarettes consumed per day (P- value = 0.699, table 4.37), or the

years of smoking (P-value = 0.064; table 38). These results exclude any

relationship between the SNP alleles and smoking.

Table 4.37: rs4324798 vs number of cigarettes per day (CPD)

SNP

CPD

P-ValueALL case and smoker
control

rs4324798

GG 30.95±13.62
0.699

GA 29.33±8.99
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Table 4.38: rs4324798 vs years of smoking between smoker cases
and controls

SNP
Years of Smoking

P-Value
smoker case and control

rs9295740

GG 34.77±13.30
0.064

GA 27.08±8.47

Because the allele was not detected in the cases group, its relation to

the type of cancer could not be discussed.
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Chapter Five

Conclusion and Recommendation

5.1 Conclusion

Like other cancers, the lung cancer is a multifactorial complex disease

in which environmental, genetic and epigenetic factors may interplay and

contribute to the disease etiology.  The genetic component is frequently

polygenic in which sequence changes in a number of loci may be important in

increasing the relative risk for the disease. The role of cigarette smoking is the

most well-established trigger of lung cancer disease. However, only a subset

of smokers will experience the disease during their lifetime, indicating an inter-

individual variability in susceptibility to such a potent carcinogen as well as the

possible existence of a role for the underlying genetic variation. A number of

loci have been shown by GWAS to be implicated in conferring a potential risk

for lung cancer. Therefore, this follow up study was designed to investigate

whether the results of previous GWAS could be replicated in the Palestinian

population of Gaza strip. Six SNPs in three genomic regions were

investigated in this study because of their already established involvement in

different populations. The relationship between these SNPs and smoking has

been investigated. To the best of our knowledge no previous studies have

tackled this subject before among the Palestinian population in Gaza strip.

Results of the study have led to formulate the following conclusions:

1. In our study population, the six investigated SNPs (rs16969968 and

rs1051730 in 15q25; rs402710 and rs2736100 in 5p15.33; rs9295740 and

rs4324798 in 6p22) were found to be related to lung cancer in different

aspects.

a. The SNPs rs16969968 and rs1051730 are associated with increasing

the risk for lung cancer via increasing the individual's tendency to

smoke more and at an earlier age.

b. The SNP rs402710 was found associated with increasing the risk for

lung cancer with no relation to smoking.
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c. The SNPs rs2736100 and rs9295740 were found to increase the risk

for lung cancer with no relation to smoking.

d. The SNP rs4324798 was not detected in the case group indicating a

possible protective role against lung cancer.

2. The allelic frequency of the 6 SNPs rs16969968, rs1051730, rs402710,

rs2736100, rs9295740 and rs4324798 fill within the worldwide range in

different populations.

3. In consistence with other studies, 87.7% of the cases were smokers,

highlighting the important role of smoking as non-genetic risk factors for

lung cancer development.

a. In agreement with other studies, the duration of smoking is far more

important than the amount of cigarettes smoked in conferring risk for

lung cancer.

4. The history of lung infections represents a potential risk factor for lung

cancer, a result that is in agreement with other studies.

5.2 Recommendation
1 Public awareness campaigns should be carried out to reduce the

economic and health burden of smoking particularly in teenagers.

2 The concerned health care personnel should be aware of the possible

implications of gene-environment interaction in increasing risk to complex

diseases.

3 With more solid and comprehensive results as well as deeper

understanding of the influence of the genetic variations on lung cancer

clinical outcomes, these identified markers could be incorporated into a

prognosis prediction model to increase prediction accuracy in both

population and individual level.

4 Further studies are recommended in the following areas:
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o Replication of the current study in larger cohorts of lung cancer patients

particularly none-smoker ones versus non-smoker controls to

eliminate the effect of smoking in risk estimation.

o To investigate the role of nicotine addiction in the pathology of other

serious diseases.

o Extend the search for other regions that are also important for the

understanding of lung cancer susceptibility risk.
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Questioner for Lung Cancer Susceptibility in Palestinian Population

1. No. of questioner --------------------- Place: ---------------------

2. What is your sex? □ Male □ Female

3. What is your age? --------------------- Tall: --------------------- Weight: ------------------

4. What is the type of lung cancer in patient? □ SCLC □ NSCLC

5. Have you ever been diagnosed with recurrent pneumonia? □ Yes □ No

6. Have any of your first degree relatives (including parents) had a diagnosis of lung cancer?

□ No □ Yes If Yes, who’s: ---------------------

7. Have you ever had any type of cancer?

□ Yes □ No If Yes, what is the type?: ---------------------

8. Do you smoke cigarettes?

□ Yes □ No □ I used to smoke cigarettes, but I quit

9. If you are smoking, at what age did you start smoking? ---------------------

10. If you are former smoker, what is the period of smoking? ---------------------

11. How many cigarettes did you used to smoke per day? ---------------------

12. What is the type of cigarettes? ---------------------

13. When did you quit smoking cigarettes? ---------------------

14. Have you been living with a smoker most of your life? □ Yes □ No

15.
Have you smoked Nargilah? □ Yes □ No

16. Have you smoked water pipe? □ Yes □ No

17. How long you smoke Nargilah?

---------------------

18. How many times you smoke Nargilah in day?

---------------------
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A. The genomic sequences containing the SNPs under investigation (the

SNP and the region of the primer annealing are colored and

underlined).

1. rs16969968
TCGTTATTGAAGAGATCATACCATCATCTTCAAAAGTCATACCTCTAATTG

GAGAGTATCTGGTATTTACCATGATTTTTGTGACACTGTCAATTATGGTAA

CCGTCTTCGCTATCAACATTCATCATCGTCTTCCTCAACACATAATGCCAT

GGCGCCTTTGGTCCGCAAGATATTTCTTCACACGCTTCCCAAACTGCTTT

GCATGAGAAGTCATGTAGACAGGTACTTCACTCAGAAAGAGGAAACTGA

GAGTGGTATGGACCAAAATCTTCTAGAAACACATTGGAAGCTGCGCTC[A/

G]ATTCTATTCGCTACATTACAAGACACATCATGAAGGAAAATGATGTCCG

TGAGGTCTGTGATGTGTATTTACAAATGCAGATCTCTTCCATTTTAAGTTC

AGAAGTTACTTTCATTAATTTTGGCAGAGTAAACAGCATGACCCTTAAGTA

AGACTAAGCATAGATTGAGGGCCAGAATTGTTGACATATTTTCTATAAAA

GATCTTTACTAAGCTTGTTTCAGTTAAAGCACCTGCAAAATGGGGCATTT

ACACAAATCTCACTTCTCCACTTCCCCCATCAGCATCTTGGATAACT

Sequence Size: 599

2. rs1051730
GTGTGTCACTGTGCCCCCTCTTTGTCTTTGCAGTGCTGTTGGGGATTTCC

AGGTGGACGACAAGACCAAAGCCTTACTCAAGTACACTGGGGAGGTGAC

TTGGATACCTCCGGCCATCTTTAAGAGCTCTGTAAAATCGACGTGACCTA

CTTCCCGTTTGATTACCAAAACTGTACCATGAAGTTCGGTTCCTGGTCCT

ACGATAAGGCGAAAATCGATCTGGTCCTGATCGGCTCTTCCATGAACCT

CAAGGACTATGGGAGAGCGGCGAGTGGGCCATCATCAAAGCCCCAGGC

TA[C/T]AAACACGACATCAAGTACAACTGCTGCGAGGAGATCTACCCCGA

CATCACATACTCGCTGTACATCCGGCGCCTGCCCTTGTTCACACCATCAA

CCTCATCATCCCCTGCCTGCTCATCTCCTTCCTCACTGTGCTCGTCTTCT

ACCTGCCCTCCGACTGCGGTGAGAAGGTGACCCTGTGCATTTCTGTCCT

CCTCTCCCTGACGGTGTTTCCCTGGTGATCACTGAGACCATCCCTTCCA

CCTCGCTGGTCATCCCCCTGATTGGAGAGTACCTCCTGTTCACCATGATT

TTTGTA

Sequence Size: 597
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3. rs402710

TCTGACTGTGAATAGGTAAATAAATCGCTTAAGGAGAGACATTTGCTTTC

AGTGGCTCATCAATAATTCACATAGAAACGAGCATTTCTAAAGCACAGTG

AGGAGACAGAGCTGGAACAGTTTCTTGCCAGACATATCATGGGCAACTG

GAACCCAAGTTTAGGCAAGACAGGAAAAACCACCACCTGCAAATTATCTT

TTCCCTCAAATGGATAAACAGGCGCAGGGTGCGGTGAAAGCCGTCATTC

CGTTCAGCAGCACCACGCCGCTGAGACGGAGCAACGGCCGAGCATACG

CAGC[C/T]GCACTCACCACCGCTGGTACAGGTAGACCAGAAACACCACG

TCGTCCCGGAAGCAGGCCAGCCGGTGAGACGTGGGCATGGTGAGATGA

AGGCAAAGACGTCATCAATGAAGGTGTTGAAAGCCTGCAGGGCCAGAC

GGGAGGAGGGTGAACCCCAGTTGCTGGGGCTGGAATCCTACTGTTTTTG

GTAACCTAACCAAGCCAACGGCTTTTGCAGATGCTTGGAACTAACTGGA

ACTCCTCACAGCAACAACAAAAAGAGCAGAAAGCCGGCAAGTGGAGATA

CGGAGCTCTGTTCC

Sequence Size: 599

4. rs2736100
TTCACCATGTTGGCCAGGCTGGTCTCAAACTCCTGACCTCAAGTGATCTG

CCCGCCTTGGCCTCCCACAGTGCTGGGATTACAGGTGCAAGCCACCGT

GCCCGGCATACCTTGATCTTTTAAAATGAAGTCTGAAACATTGCTACCCT

TGTCCTGAGCAATAAGACCCTTAGTGTATTTTAGCTCTGGCCACCCCCCA

GCCTGTGTGCTGTTTTCCCTGCTGACTTAGTTCTATCTCAGGCATCTTGA

CACCCCCACAAGCTAAGCATTATTAATATTGTTTTCCGTGTTGAGTGTTTC

T[G/T]TAGCTTTGCCCCCGCCCTGCTTTTCCTCCTTTGTTCCCCGTCTGTC

TTCTGTCTCAGGCCCGCCGTCTGGGGTCCCCTTCCTTGTCCTTTGCGTG

GTTCTTCTGTCTTGTTATTGCTGGTAAACCCCAGCTTTACCTGTGCTGGC

CTCCATGGCATCTAGCGACGTCCGGGGACCTCTGCTTATGATGCACAGA

TGAAGATGTGGAGACTCACGAGGAGGGCGGTCATCTTGGCCCGTGAGT

GTCTGGAGCACCACGTGGCCAGCGTTCCTTAGCCAGTGAGTGACAGCAA

CGTCCGCTC

Sequence Size: 601

5. rs4324798
ACCCGGGATTGAACCAGGGACCTTTAGATCTTCAGTCTAACGCTCTCCC

AACTGAGCTATCTCGGCCACCGTGATCCTACTGCTTTTGTCATTTCTTCA

AAATACAGAAACTGCCATTTGTAGGGTCAGGTATCTTCCAACGCCTAATT
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CTGTTGTCTTCAATATCACCCGTCATTCACTCACCTCCCCTCCACCCAAG

AAATATAAGTTCTGCTGCAATTTATGTGTGAAATAGGATCCAATTTTCCCC

AGCAAAAGTGGGAAAGAAAAGGCGAGGAATAGGTCAAATGAGGAAGATA

CTCCCATGCTTGGTCACCGTATAAAACACTGCTCAGAAAACTAAGGAATT

CAAAATGAAATTATGTAGGCATTTCCTTTTCTCTTTTTCGGATTTTCTTTTT

CTGGCTTGCTCTTCAATGGCATGTCATAAAGGAACAGAAGATTAGTGGAC

ACTTTAACACGGTAGTGGGCTTATAGCTTCCGAAAAAAGACATCCT[A/G]A

GCGAGGTAGTTCTTTTTTCTATTTTCTTCCTTTTACCAGTCTTGTGCTCAC

ACATCCACCTTGGGTGGTACGGAGACCCAGGGAGTGAAAATGGAAAGTA

TAATATGTTTGTTTGTTTGTTTCTTTGTTTCTTTGTTTTGAGTGGAGTCCCG

CTCTGTCTCCCAGGCTGGAGTGCAGTGGCACGATCTGGACTTAGTGCAA

CCTCCGTCTTTCAGGTTCAAGCGATTCTCCTGACTCAGTCTCTTCCAGTA

GGTGGGATTACAGGCGCGCCCACCACGCCCAGCTAATTTTTTTGTATTAT

TAGTAGAGACGAAGTTTCACCATGTTGATCAGTCTGGTCTCGCCTCGGC

CTCCCAAAGTGCTAGGATTACAGGCTTGAGCCACCGTTCCCGGCCTATT

CTTGGAGTTCAGAGAATTGTGGTCTGCACATTGATGCATAAGAATTGTTT

TTTTTTTTCCAGCTGGGTGCAGTGGCTCACGCCTGTAATCCCAGCA

Sequence Size: 994

6. rs9295740
AGAAAAACAAGGGAGCGGTTGGAGGGGAAGGGTGGAGAGATGAGGGG

AGGGAGTGCCCTAGTGGAAACCACAGCATTAACACCACCTACTACTTCT

ACTTCACTAAAGGCACTGTCCCGATTTTTTCTTCAGAGATCACTGTTTTGC

CTGCTGAATTCAAACCTCCACCCCAGACACACTGATGTCATTGGAGGCAT

CAGGACTGGGGGCCCAAGTTTTATTATATTAAAACGAGTTCATGCTGGG

GTAAATTTTAAGATCTTTAGTGGACAGAAAGGCAGTTCAAATTCTTTGATT

TTA[A/G]TGACAAAATGCTTTAAACTGACAATGCAACCTATCAACAAAAGG

ACCATATTGAGCTGTGTGTGGGCTGCACAGAAATACGCCGCCCCAGAAC

TCTAAGTGCTCCCGGAAAAGCTCGCAATTGTTACAACAGAGAATCCAATT

CTTGTGGCTAAAGTATCTCCTGGGGGACTTATTACAAATGTGGATTCTAG

AACCCCTCGTGCAATGATCCTGACTAAAGCGATTTACTATGGGTCCCAAG

AATCTTAATCTTACCAAGCACCCTCAAGTAATTCTAACTTCAATAGTCTGC

TAAACG

Sequence Size: 601


