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Abstract

Head and neck cancer are the malignant that appears in the tissue, organ and mucous membrane

of head and neck. It is stated as the seventh most common malignancy in the world. According to

the reports, about 900,000 novel cases and 350,000 deaths have been estimated every year

worldwide. It has been reported more in Males than females with a fluctuating ratio from 2:l to

4:l and it occurs mostly in men at the age of 50 or above 50. ID Pakistan, Head and Neck cancer

is almost one-tenth of all cancers in females and approximately one-fifth of all the cancer in male

population. Multiple risk factors have been identified to develop the risk of HNC including

modifiable (tobacco smoking, alcohol consumption, diet) and non-modifiable risk factors (family

history, age, gender). Diverse genomic modifications can lead to the development of head and

neck cancer. A tumor suppressor gene, NOTCHI gene has been considered as one of the key

innovative finding in causing head and neck carcinoma. It is located on chromosome number 9

consisting of 34 exons. Frame shift, synon)rmous, missense and nonsense mutations have been

detected in EGF like repeats domain, playrng an important role in ligand binding that ultimately

activates the NOTCHI. This study was designed to analyzethe significant association ofNoTCHl

gene (rsl39gg4g42) with head and neck cancer in selected Pakistani population' DNA was

exhacted from all 100 HNC and 50 control samples. Tetra-ARMS PCR was performed to genotype

NOTCHI polymorphism. Among all three genotypes, two genotlpes GG and GA were associated

and third genotype AA was not associated in this study. NOTCH1 C1083 rs139994842

polyrrorphism was found higher in HNC patients than contols. Calculated p-value of NOTCH1

was significant (0.000) and allelic frequency of Gwas O.Tl%and frequency of A allele was 0.58%'

These findings showed that in our selected population, NOTCHI gene rs139994842 shows

significant association with Head and neck cancer'
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Chapter I Inlroduction

Head and neck cancer are the malignant that appears in the tissue, organ and mucous

membrane of head and neck. Head and neck cancer is not a single term.it is actually the

combination of wide variety of tumor types which includes craniofacial bones, soft tissues,

skin, mucosal membrane, salivary glands. Head and neck is used to define all carcinoma

originating from the epithelium lining the Sino nasal tract, oral cavity, oropharynx, hypo

pharynx, larynx, throat, lips, mouth and nose.

1.1 Occurrence of Head and Neck cancer

Head and Neck Cancer are stated as the seventh most common malignancy in the world.

According to the reports, about 900,000 novel cases and 350,000 deaths have'been

estimated every year worldwide (Ferlay et a1.,2010) (Parkin et a1.,2005) (Silveira e7

a|.,2012).

Figures indicated that in Europe, there were new 250,000 cases and 63,500 reported deaths

with Head and Neck cancer in 2012 (Gatta et al., 2015). In the United States, it has been

estimated that about 62,000 Americahs carrying this malignancy and approximately 13,000

dy,ng every year (Siegel et a1.,2016).[n2007 95,660 new cases were observed (Jemal er

a1.,2007).In 2009 97,000 new cases and 11,000 deaths were reported in USA. It occurs

mostly in men at.the age of 50s or 60s, however the frequency among younger are

increasing day by day (Jemal.,2009).

Head and neck cancer have been reported more in Males than females with a fluctuating

ratio from 2:l to 4:1. It have been reported that in the states of central and eastern Europe,

France, Spain, Hong Kong, Italy, Brazil, United States and lndian subcontinent, the

occrrrence rate exceeds,.20.per 100,000 in males. The research has revealed that the

incidence of pharyngeal and laryngeal cancer is fifty percent higher in African Arnerican

pgnJhan women (DeSantis et al.,70ll). Asian literature has presented that the cancer 9f
Mouth and tongue are more common in Indian subcontinent than the other types and the

Nasopharynx have been reported as the widely spreading cancer in Hong Kong'(Bray et

a1.,2008) (Lambert et al.,2}ll).

_Dge11r11!t1qtion_Sf3$99ptt_o1!,qf_the Eead rdNellgelqet!ryith NOTCH1 gglepSlymCjpiq4 in

{
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Chapter I Introduction

Austalian literature has reviewed that in Australia, head and neck cancer is becoming a

serious and developing disease. The frequency of HNC is reported more in males than

females. In males the occurrence seems to be 12.3 per 100,000 (Australian Institute of

Health and Wetfare and Australasian Association of Cancer Registries, 2008). The

Oropharynx cancer is dominant in Austalia. Its frequency is increased in the time period

of 2002-201 I from )l% to 28%.lt contributes 2-3% of all the cancers in Austalia (Park

et al.,21l1). The indigenous Australian have high frequency of head and neck carcinoma

(Cunningham et al.,2008f as it has been reported that rectal, colon, prostate, testis, breast,

brain tumor lymphoma and leukemia have low rate of occurrence when compared with the

frequency of Oropharyngeal carcinoma, thus Head and Neck Cancer having high rate of

incidence among original Australians (Zhang et al.,20ll).

1.1.2 Occurrence in Pakistan

In the field of technologi'es, multi-disciplinary treatment approaches and recent sufgical

novelties, these innovations carry the rapid changes and perfections. However regardless

of these innovations, the ratio for Head & Neck Carcinoma illustrated that patients have

not considerably upgraded much regarding the innovative treajtment aspect (Catvalho et

a|.,2004).

It is the most shocking situation for South-Asian countries espeCially in Pakistani

population where Head and neck carcinoma seems to be one ofthe most publically common

carcinoma. HNC is reported to be the second most highly elevated carcinoma in both male

and female Pakistani plpulation (Jemal et al., 2011). The highest occrurence rate of oral

cancer is observed in the region of Karachi (Chaudhry et a1.,2008).

i1

As for as the occu11ence ratio in Pakistan i$ estimated, Head and neck cancers is

demonstrated as almost one-tenth of all cancers in females and approximately one-fifth of

all the cancer in male population (Bhurgri et at,20061.

Pakistani Population 2



Chapter 1

1.2 Symptoms of Head and Neck cancer

Introduction

>

Head and cancer can lead to the development of abnormal patches or ulcer creating open

sores in mouth and throat, pain in mouth, unusual bleeding, sore throat, mass created in the

neck, discomfort during swallowing, appearance of dark patches in the mouth cavity,

change in voice, Earache, overlapping of speech, complications in breathing or rising size

of llmph nodes, weight loss. If it remains undiagnosed it can spread to other part of body

such as lungs. It will have worse prognosis and can become fatal. The survival rate is five

years in most cases after diagnosis. A substantial illness and death rate have been reported

in this disease (Leemans et al.,20ll).

1.3 Types of Head and Neck cancer

Head and Neck cancer is divided in to the following types:

1.3.1 Oral CavitY Cancer

Oral cavity malignant tumor shows sfiong relationship with the consumption of alcohol and

tobacco. It comprises the region of inner lip, tongue, palate and floor of mouth. Appearance

of the tumor in this particular area is mostly treated with the surgery named as

Maxillectomy, Mandibulectomy, Glossectomy'

DelelxDjnatio'nqfAssocia-ti.q[qftheEead-andNeckCancerwithNoTcHlGenePolymorphlsmin
Pakistani Population
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Chapter I

l. j.2 Nasopharynx Cancer

Introduction

The particular areawhere the Eustachian tubes along with the nasal cavities join the upper

portion of the throat known as the nasopharynx. Nasopharyngeal carcinoma is known to be

appearing in this nasopharynx region.

1.3.3 Oropharyr* Cancer

Oropharyngeal tumor demonstrates the sfiong relationship with human papilloma virus

infection. Human papilloma virus is recognized as the strong causative agent in causing

head and neck cancer. Patient with oropharynx tumor are more at risk to develop second

head and neck tumor. The base of the tongue, soft palate and tonsils made up the middle

portion of the throat known as oropharynx. Oropharyngeal carcinoma arises in this region

(Krishnateya et al., 2013).

1. 3.4 Hypopharynx Cancer

At diagnoses, hypopharynx cancer mostly appears at an advanced stage. Hypo pharyngeal

carcinoma tends to appear in the area of hypopharynx which constitute the posterior

pharyngeal wall, post cricoid and pyriform sinuses.

1.j.5 Larym Cancer

This tgmor illustrates the stong relationship with the tobacco consumption as well. Larynx

is also known as voice box. Laryngeal cancer arises in this larynx region which is

subdivided in to glottis, sub glottis and supraglottis.

Determinatiqn of Alsociation of the Head an{ Neck Cancer with NOTCH! Gene lolymorphism in

Pakistani Population
I



Chapter I

1.i.6 Paranasal Sinuses Cancer

Introduction

The tumor arises in the paranasal sinuses is subdivided in to maxillary sinus, frontal sinuses,

L
spnenoid and ethmoid system. The most cornmon sinonasal sinuses tumor is maxillary sinus

(KrishnateYa et al., 2013).

1.4 Classification of llead and neck cancer

Head and neck cancer are classified as

Squamous Cell Carcinoma

Adenocarcinoma

The tumor that appears in the area of both skin and mucous membrane term as squamous

cell carcinoma. This carcinoma has been reported to arise in more lhan 90oh of head and

neck cancer cases. Researches evaluate that squamous cell carcinoma is considering as

susceptible more to arise in males having smoking and alcohol consumption history with

the age above 40 years. Adenocarcinoma are the tumor arises in the region of epithelial

tissues with glandular characteristics are characterized as adenocarcinomas. Several head

and neck cancers are reported to be adenocarcinomas fiIaines., 2013).

1.5 Staging of Head and Neck cancer

The TNM stagrng system is used to categorize the disease of head and neck cancer. TNM

is the abbreviation of tumor, node, and metastasis. It permits the physicians to classiff the

region of head and neck carcinoma for anallzing the status and grade of the disease,

diagnoses and management. The TNM staging is used to allocate the stages I,II, [I, or IV

to the patient thus describing the disease status of the patient. Stage I, II is designated as an

early stage disease and III, fV as an advanced disease stage.

Deterqlnatiooof Association of tlre Hea{and ileckearr,cer wilh NO-TCHI Gene Polymorphism in
Pakistani Population
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Chapter I

1.6 Risk factors of Head and Neck cancer

Introduction

. In Head and Neck cancer, alteration of the DNA in the cell is influenced by the diversity

- oI lactor. Both the environmental and genetic factor also plays an important role in HNC'

Smoking and alcohol are major risk factor for the establishment of this malignancy

(Haddad et a1.,2008). Although all the conditions either separately or in combination play

an important role in the development of HNC, these conditions include smoking,

carcinogen exposure, alcohol consumption, infectious agents, diet, oral hygiene,

preexisting medical condition or having another disease and family history.

Risk factors classified as

Modifiable

Non modifiable

1.6.1 Modifiable risk factors

1.6. 1. 1 Tobacco Smoking

One the noticeable factor in causing Head and Neck cancer is tobacco smoking and it is

associated with duration, amount and strength of smoking. Inhibit smoking doesn't

eliminate but can decrease the risk of cancer development (Schlecht et al.,1999). The gene

toxic effects of toxin present in tobacco smoke such as nitrosamines and polycyclic

hydrocarbons are considered as the major threat.

Recent researches have shown that tobacco smoking is associated with high incidental rate

of Head and Neck cancer (Blot et a/., 1988) (Basu et a1.,2008). It has been reported that

the risk of developing HNC in smoker patient is 5 to 10 times higher than nonsmokers

(John et al., ZOl4\. Smokeless tobacco and areca nut are the main factors contributing

toward the occurrence of HNC in south Asian counties (Graham., 1977) (Dayal et al.,

1973). Zuda,snuff, mashiri, khaini, mava, paal are the other types of smokeless lobacco

Determination of Association of the Head and Neck Cancer with NOTCH1 Gene Polymorphism in

Pakistani Population
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Chapter I Introduction

which are reported to be commonly used in tndia, Bangladesh, Pakistan, Sri Lanka,

Thailand, Taiwan, Malaysia and China (Gupta et a1.,2002).

In Asian countries, betel quid is predicted to be another risk factor in causing oral cancer.

Betel quid is prepared by combining various ingredients together such as seeds of betel,

tobacco, pan, betel leaf, catechu and slaked lime (Proia et a1.,2006) (Warnakulasuriya et

a1.,2002).It has been reported that betel quid is continuously consumed by l0% of world

population (Gupta et a1.,2004).

Oral sub mucous fibrosis is a chronic disorder of aero digestive tract causing stifftess of

the oral mucosa (Angadi et a1,2011). One of the carcinogen known as areca nut which

have shown association with this disease (Gupta et al., 1998). [n western countries this

disease is rare because areca nut is not commonly use. In lndian population areca nut is

very popular where approximately 5 million people suffer from the disorder of oral sub

mucous fibroses.

The reports have demonstrated that the tobacco consumption in India is increasing day by

day where 8.4 million deaths are expected to occur due to tobacco usage by the year 2020

(Munay et al., 1996). Head and Neck cancer in south Asian countries are more observed

in people with worse socio economic status (Agarwal et al.,20ll). Thus rise in the rate of

tobacco consumption is increasing the disease burden on the society

In Australian population, tobacco smoking is contributing to the70% of larynx carcinoma

(Australian Institute of Health and Welfare, 2004). One of the studies has demonstrated

that cannabis smoke containing high level of carcinogen than the cigarette smoke. It can

play role in causing head and neck cancer (Wu et al., l98S). The study reveals that in

Austalian remote communities, people are more turning toward the use of cannabis smoke

due to having limitations on alcohol consumption (Lee et a1.,2009).

In the report of European Union, it has been estimated that cigarette smoking is the factor

causing head and neck carcinoma especially oral cancer in almost 30% women a.Ild 60%

men (Bray et a1.,2002).

Qgle1gllqtio_n of Assoc_latior ol thg Head and Neck cancel lv!!h N,oTCHl Gene Polymorphism in
Pakistani Population
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Chapter I Introduction

Research illustrates that the patients who smoke have shown TP53 alteration as compared

who do not smoke (Brennan et a1.,1995). Although the staight forward association have

been difficult to create as obviously not every patient who develop HNC through smoking

attains TP53 mutation. It is indicating the individual differences in carcinogen metabolizing

en4rmes which may transfonn cancer risk. Researchers have main attention on genetics

polymorphism in those enzymes that initiate pro-carcinogen and detoxiff carcinogen (Ho

et a1.,2007). However, the relationship may not be direct, the risk may have linked to the

complex relations among exposue, activation, detoxification and repair of DNA damage.

1.6.1.2 Heavy alcohol consumption

Another important risk factor in the development of HNC is high alcohol consumption

(Sturgis et a1.,2004). Alcohol itself is not a direct carcinogen. It metabolizes acetaldehyde

and establishes DNA adducts that alter DNA synthesis and repair (Brooks et a1.,2005).

It has been researched that the active metabolite of alcohol such as acetaldehyde are

carcinogenic and they are capable to cause head and neck carcinoma. A large number of

the patients have been reported in which alcohol individually act as a risk factor- People

consuming alcohol heavily have five times greater risk of developing HNC as compared to

those who do not consume (Pelucchi et al., 2008). In the developed countries, the

consumption of alcohol is increasing heavily day by day speciatty the western countries. In

2008, one of the study conducted in Australian population have demonstrated that out of

lg0 countries worldwide, Austalia is on 30ft number for consuming high level of alcohol

(Victoria Department of Health, 2008)'

1 . 6. t . 3 Infection with human papilloma virus HPY

The third most important risk factor in causing head and neck cancer is human papilloma

virus. HpV infection play role about 25% ircausing HNC (Termine et a1.,2008) (Kreimer

et a1.,2005) (Dafryani et a1.,2010). HPV is considered as an important causative agent in

causing head and neck cancer with the high prevalence rate up to 50% (Cruz et al-' 1996).

Determination of Association of the Head and Neck Cancer with NOTCH! Gene Polymorphism in

Pakistani Population

\.



*B:-

Chapter I Introduction

The most affected areirs ardthe base of tongue and tonsils. HPV strains are mostlyreported

to cause infection in lesion oftongue. These infections are diagnosed to cause oral cancer

about l'6%, oropharyngeal carcinoma with the ratio up to 30.9% and,in larynx tumors up

to 16.6%. The facts and figures have demonstrated that in Asia, the ratio ofHPV prevalence

in oral cancer is higher up.to 33Yo as compared to Europe and North America where the

prevalence rate is reported :upto 16%o (Kreimer et a1.,2005).

100 different types of HPV exist in whicfr-15 different types are researched to contain

tumorigenesis prospective (Mufroz et a1.,2003). HPV 16 is considered as the major threat

in causing infections. [n some cases, HPV 16 is reported to cause multiple infection along

with HPV 18. These infections have been reported in 4l% of the patients (ErikSon e/ a/.,

2009).

A meaningful research has been conducted to evaluate the role of HPV in causing head and

neck cancer. It has been demonsfiated that HPV is a sexually transmitted disease. The

definite carcinogenic passageway of the virus plays an important role in initiating HNC.

HPV positive is a significant predictive factor in causing HNC than HPV negative (Ang et

al., 2010) (Posner et al., 20Il) however the survival rate of head and neck cancer patient

with HPV positive is longer than HPV negative (Goon et a1.,2009).

HPV infection accounts for increasing incidents (Bisht et al.,20ll). The incidence of HPV

is increasing every year both in male and female patient. The ratio is stated up to 1 -42% in

males while in female patients, 1.04o/o have been reported (Hocking et al.,20ll). The

modes of tansmission of fIPV in HNC have not been exclusively determined, however the

risk may be increase with sexual behavior (D'Souza et a1.,2007)..,r

The occurrence of HPV in causing head and neck cancer is increasing every year in

Austalia due to change in sexual behaviorparticularly oral sex (Hocking et al.,20Ll). The

link betrveen HPV and HNC has been discovered in the research study by the detection of
HPV DNA and HPV specific antibodies in oral sample of HNC patient @'Souza et al.,

2007). ln national immunization prograrnme, the HPV vaccination have yet not been

Determination of Association of the Head and Neck Cancer with NOTCHl
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Chapter I

introduced and it have not researched so far that vaccination

infections in head and neck cancer or not.

ffi 1.6.1.4 Poor oral hygienic condition

Poor oral hygienic condition that can lead to periodontal diseases due to infection with the

release of cytokines and other inflammatory mediators and the outcome of these reactions

against inflammation can lead to the progress of cancer. It has been reported that the poor

dental hygiene can act as the causative agent in oral carcinoma(Zhenget al., 1990) as teeth

loss can lead to the growth of oral cancer.

1.6.1.5 Sunlight exposure and carbinogenic contact

People having continuous exposure to sunlight and working in direct contact with

carcinogenic substances, which ultimately contribute to the development of oral cavity

cancer. Lip cancer is the common subtype of oral cavity cancer. Due to continuous

exposure of lip mucous lining with the sun rays, it has been demonstrated that lip carcinoma

is the result of direct exposure to the uliraviolet solar radiations in majority of cases (Perea-

Milla L6pez et a1.,2003) (Sugarman et al., 2002). The current reports have demonstrated

that mostly males having outdoor work and working under nonstop sunlight exposure, lip

tumor is occurring three times higher in males than females (PerealvlillaLlpez et a|.,2003)

(Ariyaward ana et ol., 20 l3).

It has been revealed that ratio of lip carcinoma is higher in white population as compared

to non-white particularly in Austalia and Canada (Wamakulasuriya et al., 2009). In

Australian population, about 50% of the head and neck cancer have been reported as lip

carcinoma (Sugarman et a1.,2002).
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Chapter I

1.6.2 Non Modifiable risk factors

1.6.2.1 Age

Introduction

The risk of head and neck cancer is reported more in middle aged patients. The recent

reports have demonstated that the risk of developing head and neck cancer in patients

having age 40 years or above is 98% in Europe (Mehanna et a1.,2010). It has been observed

that the ages of the head and neck cancer patients having infection with the HPV stains

are diagnosed mostly between 40 to 60 years (D'Sonza et a1.,2007).In 2005 the particular

study was conducted about Austalian population, in which the approximate age of HPV

associated HNC male patients were 59.8 years and female patients were observed 63.6

years (Hocking et al.,20l 1).

1.6.2.2 Gender

The study has revealed that due to the heavy usage of alcohol and cigarette smoking, the

occurrence ratio of head and neck carcinoma is five times higher in males than females.

The fact and figures from 1995 to 2006 have demonstrated that the ratio of developing head

and neck carcinoma among males have increased from 7.6Yo to 17 .7% (Chen et a\.,2008).

ln west, the consumption rate of tobacco smoking, betel nut and alcohol is increasingday

by day in females as compared to past so the risk of developing head and neck cancer is

becoming higher (Marcu et a1.,2009).

1.6.2.3 Family history

The genetic hereditary factor is an important risk factor in increasing the risk of disease

transmission among the family members. The ratio of developing head and neck cancer is

higher in male patient with the smoking associated family cancer history (Turati et al.,

z1l3).The reports have revealed that in those patients with family history of head and neck

cancer, the risk of developing oral cavity carcinoma is reported higher up to 3.8%. The

\
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Chapter I Introduction

genomic polymorphism link with the carcinogens digestion is reflected as the major threat

(Canova et a1.,2009).

1.7 Genetic variation of Head and Neck cancer

In the complicatedpathway, gathering of the diverse genomic modifications can lead to the

development of head and neck cancer. Detection of the oncogenes overexpression,

alterations, modifications, deletions and de novo promotor methylation oftumor suppressor

genes have been recognized in the progress of head and neck carcinoma. Due to exposure

to the collective carcinogens, majority of the alterations identified at the early stages of

mutagenesis.

1.7.1 Mutation in Tumor suppressor genes and proteins

Normally tumor suppressor genos act as tansducers of negative regulatory pathway

(Weinberg., 1991). These tumor suppressor genes normally function by maintaining cell

cycle regulation and cause cell cycle apoptosis. These genes can be modified or alter in

their roles by numerous mutations such as non-synon)rmous, frame shift, missense,

deletion, synonymous, point mutations or uPon binding with viral proteins (Weinberg',

1991) (Levine., 1993). These genes have been exclusively research and identified in

causing head and neck carcinoma. In a normal pathway, the tumor suppressor genes

perform its function by minimizing the tumor growth, by slowing down or altering cell

cycle progress. Mostly in ttre case of head and neck carcinoma, the function of tumor

suppressor genes to suppress the uncontolled division of cells have been lost (Lane., 1992)-

1.7.1.1 P5i

p53 is a tumor suppressor protein. For the protection of genetic strength and stability, it has

an important function to perform in the pathway of cell cycle. The main function of P53 is

the regulation of DNA repair and apoptosis (vogelstein et a1.,2000).

D_etermination qf A$oqiation ,of the HeAd aqd Neck Cqncer with NOTCHl Gqne Po[ymorphism in
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The position of tumor suppressor gene P53 is normally on the short arm of chromosome 17

at 13.1 gene locus. It carries 1l Exonic regions. They function by encoding a393 amino

acid phosphor protein that is p53 protein, when DNA is damaged, p53 respond immediately

by arresting the cell cycle. It acts by regulating the repair pathway and by initiating

apoptosis of the impaired cells to restore the DNA damage. TP53 gene involve in the

regulafion of various biochemical pathways which includes the metabolism of the cells

(Boren et al., 2Ol2) and to silent the non-coding RNA (Leonova et al., 2013). TP53

expressions thus regulate the mechanism of life and death (Cho et a1.,2012) (Polager et al.,

2o0e).

Mouse double minute 2 homolog MDM2 is involved in the degradation of P53. MDM2 is

an E3 ubiquitin ligase which perform its function by binding to P53. CDKN2A gene encode

P14 protein, which in tum protect P53 degadation by inhibiting the expression of MDM2

(Shen et al., 2Ol2). When DNA is damaged, ATM and ATR which are Ataxia

telangiectasia mutated and Ataxia Telangiectasia Rad 3 pathways are activated. These

pathways phosphorylate CHKI and CHK2. CHKI and CHIC are the cell cycle check point

kinases. Activation of these kinases lead to the p53 activation. P53 in turn regulate various

proteins ultimately leading to the cell cycle arest and apoptosis.

TP53 mutation is diagnosed to be the most common detected mutation in the progress of

Head and Neck cancer which is reported in 50-80% HNC cases (Agrawal et al-, 2011)

(Poeta et a1.,2007). After Ovarian and Lung cancer, HNC is considered as *te third major

TP53 mutation carrying carcinoma (Kandoth et al., 2013). TP53 mutations can cause

inhibition or loss of tumor suppressor function (Morton et a1.,2010).

The major mutation reported are the missense mutations in the region of DNA binding

domain. Mutations can affect the functionality of whole gene by leading toward the

inactivation or overexpression of MDM2. It can result in loss or deletion of P14 gene as

well (Vogelstein et at., 2000). Thus leading toward the dysregulation of the DNA repair

pathway and p53 becomes incapable to repair the damaged DNA or to induce apoptosis in

Determinatio.n of Association of the Head and Neck Canqer with NOTCHl Gene Pglymorphism in
Pakistani Population
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cells (RaybaudDiogene et al., 1996) thus the cells replicate with the darnaged DNA

resulting into tumor malignancy (Stricker et a1.,2007).

1.7. 1.2 Retinoblastoma

Retinoblastoma is one of the tumor suppressor protein, which is involve in the regulation

of cell cycle. It is located at chromosome position l3ql4 @uchkovich., 1989).

Retinoblastoma perform its function by monitoring the expression of various genes through

Gl phase. The main pathway involves binding of Retinoblastoma with E2F tanscription

factor and thus leading toward its inhibition. E2F transcription factors mainly function to

regulate the S phase expression and proliferation of cell. Retinoblastorna are

phosphorylated by the action of cyclin DL!CDK4|CDK6 and as the result these complexes

induce the activation of E2F tanscription factor. Cyclin DL|CDK4|CDK6 multiplexes are

actually activated in response to some mutagenic indications. CDKN2A gene encode Pl6

protein. P16 induce inactivation of these cyclin DL!CDK4|CDK6. Pl6 and P21 do not

allow these complexes to phosphorylate Retinoblastoma after binding to them thus lead to

prevent the S phase progression. IHC studies determine that Rb abnormalities has been

demonstrated about 6%to741|rothatcan lead toward head and neck carcinomas associated

with poor survival rate.

1.7.1.3 P21 and P27

The chromosomal location of p2l andp}7 genes have been identified at 6p21 and 14q32

chromosome position. In normal pathway, these genes produce proteins, which are

activated by p53 gene. Upon activation of these proteins, they induce cell cycle arrest.

Mutation in these genes have been reported to cause an unchecked cell cycle progression

and can lead toward the malignancies (Rasmussen e, al-, 1993).

Determination of Association of the Hea{ and Neck Cancer with NOTCHl Gene Polymorphism i4
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1.7.1.4 NOTCHl

1.7.1.4.1 Structure

Introduction

TAN1 was the previous name ofNOTCHI gene. In 1917, Thomas Hunt Morgan illustates

TANI in the fruit fly drosophila melanogaster strain where notches look outward on their

wings. In 1980, the frrst genomic study and sequencing of NOTCH1 gene product was

canied out. The NOTCHI gene functional gene product is NOTCHI which is a protein in

nafure.

1.7.1.4.2 Location

In length, the notchl functional RNA tanscript is 9,371 base pair. It is located on

chromosome number 9. It contains 51,418 base pair DNA. It comprises 34 exons (Cayo et

al., 2008).

1.7. 1 .4. i Receptor and Ligand family

The notch gene pathways basically comprise of four transmembrane receptors which are

NOTCHI4. The notchl gene basically encode NOTCHI transmembrane receptor. It also

contains two ligand families. The ligand families are Jagged 1,2 andDelta like l, 3 and 4.

The notchl gene delivers the guideline instructions for producing a protein known as

NOTCHI protein receptor. NOTCHI receptor is the member of the NOTCH receptor

family. As the notchl gene firnction as oncogene and also as a tumor suppressor gene so

the NOTCH1 protein receptor produce by it perform many diverse firnctions. A critical role

of the transmembrane receptor is demonstrated in various cell and tissue development

(Cayo et a1.,2008). Having tumor suppressor property, notchl gene suppress the cells from

growing and dividing in an uncontrolled manner. Mutations in them leads to the

development of cancer.

Being an Oncogenes, NOTCHI protein stimulate cell division and survival normally. But

when mutation occur or over expressed, they encode the proteins which outcome in the

DelerminatioD of Atsqciallon of the Head and Neck cancer with NoTcHl Gene Polymorphism in

Pakistani Population 15

-

--



L

Chapter I Inlroduction

form of abnormal cell growth or malignancies. NOTCH signaling play an important role

in specializing cells into certain well define cell types. These specific cell types perform

various functions in embryonic and adult tissue development, proliferation, cellular

differentiation, apoptosis and in cell fate decision (Ranganathan et al.,20l l).

1.7.I.4.4 Domains

1.7. 1.4.4. 1 Receptor Domains

ln general, largely there are two domains of NOTCHI protein

NOTCH1 Exhacellular domain

NOTCH I Intracellular Domain

The NOTCHI exhacellular domain comprises 36 EGF-like repeats. These repeats are also

known as cysteine containing tied motifs. The structure of EGF-like repeats are well

demonstrated that each repeat consists of six cysteine residues, these preserved residues

join to form three disulfide bonds. This characteristic is considered very important in ligand

binding. Three LN (Notch/Lin12) repeats are also located within this exfiacellular domain.

These LN repeats are illustrated to be rich in cysteine. The function of these repeats is to

inhibit the signal when the ligand is absent (Cayo et a1.,2008)'

The NOTCHI intracellular domain structure demonstrated that it contains six Ankyrin

repeats. These Ankyrin repeats are considered very important in creating protein-protein

contact and interactions. The intracellular domain (I.IICD) also contains sub domains such

as TAD which is transcriptional activation domain and PEST domain. PEST is considered

to be rich in proline, glutamic acid, serine and threonine residues. The function of PEST is

illustrated that it regulates the protein strength and stability but in negative way'

Transcriptional activation domain (TAD) along with the Anlgnin repeats which are located

within NICD are present in NOTCH1 and NOTCH2 receptors. However, NOTCtt3 and 4

do not contain Transcriptional activation domain TAD. NOTCHI intracellular domain also

Determlnation of Asgoljatlo! of the Head and Neck Cancer with NQTCtll Gene Polymorphism in
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contain N1 and N2. Both are reported as nuclear localization siguals. Another domain is

located within NICD known as RAM23 domain (Cayo et a1.,2008)'

The place where NOTCHI receptor specifically create interaction with notch ligand are

located within the extracellular amino terminus. NOTCHI intracellular fragment domain,

transmembrane domain, NOTCHI extacellular fragment domain are located at the

carboxyl terminus ofNotch receptor. NOTCHI extacellular fragment domain comprise of

36 EGF like repeats. The NOTCHI extracellular domain are bounded by hetero

dimerization domain towards the carboxyl terminus.

1.7. 1.4.4.2 Ligand Domains

The notch ligand consists of an extracellular domain involve in ligand binding. A conserved

module is located on N terminal region. Another domain known as DSL (delta/senatelLag-

2) domain is present near N terminus. Jagged 1, Jagged 2 and DII1 ligands contain tandem

EGF like repeats. DOS (Delta and OSMI l) domain are created by these tandem repeats.

Although both notch ligand and NOTCH1 receptor carries EGF like repeats. Jagged 1 and

Jagged 2 contain cysteine rich domain. The notch ligand domain DSL and DOS considered

critical in ligand binding to its NOTCHI receptor (Kopan et a1.,2009)' The DOS domain

presence or absence are considered critical in evaluation ofnotch ligand structural range

and diversity.

DeterlDi-nalion of Association of the Head and Neck cancer with NoTcHl Gene Polymorphism in

Pakistani Population L7
\s



Chapter I

tu

i\
U

Intraduction

f--ilmTilrD-..1
l{othr

,q
$ $r.

Ur f{.orlr.

Frgurc I Schematic R€erescntotion ofNOTCHI Domains stnrcturo

Determimtion of Association of the Head and Neck Cancer wi$ i{OTCH1 Gene Polymorphism in
Pakistani Population

icrttprrll.$

b



Chapter 1

1.7.1.4.4.3 Pathway

Introduction
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Initially each receptor considts of a single polypeptide chain. The encoded pre protein is

reported to processed proteollically within the trans-Golgi network. Furin like Convertase

cleave these polypeptide chain at NOTCH 51 site to create two polypeptide chains that

undergoes heterodime ization to produce the matdre cell-surface receptor.

Expression of notch ligand on the surface of one cell and NOTCHI receptor on the surface

of another cell stimulate notch signaling. Binding of ligand to its receptor leads to activation

of NOTCH1 protein receptor. In ligand binding, there are two types of interactions:

Trans interaction

Cis interaction

Trans interaction occurs between the notch ligand and its receptorby cell tq cell interaction.

This interaction causes the activation of NOTCH signaling. While cis interaction is

believed to occur by binding of notch ligand to its receptor within the same cell. It causes

the inhibition of NOTCH signaling (Kopan et a1.,2009). These cis and trans interactions

are facilitated by EGF Notch domain (de Celis et a1.,2000).

Before ligand binding to NOTCHI receptor, the receptor express resistance toward the

activated proteolysis. An extracellular domain containing EGF like repeats and 3 LNR

Notch repeats provide security against cleavage site NOTCHI"52 in the ectodornain. 32

site are located almost 12 amino acid sequence before the transmembrane domain. A

c?rscade of prbteblyic cleavage is initiated after the Uiraing of ligand to its NOTCHI

receptor, which regulate.the firg! cleavpge at 52 and thus allows the ADAIv{/TACE

metalloproteinase to have access on NOTCH1 32 site for cleavage, fallow by the loss oi

ectodomain (Kopan "t o!_, 20!9), The second cleavage is reported at 53 site'

metalloprotease-cleaved form ofNOTCHI protein form upon the removal of ectodomain.

This cleaved intermediate act as a substrate for 53 cleavage by gamma secretase complex.

Gamma secretase is an intramembrane protease (Kopan et a1.,2009) which undergoes

Determination of-Association of the Head-and Neck-Cancer-with-N-QLCH-I gene-Pp,-lyosrphiqn in-
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Chapter I Inlroduclion

NOTCH cleavage within the transmembrane domain at 53. ihus this NOTCH cleavage

causes the release of NOTCH intracellular domain from membrane in to cytoplasm. Where

NOTCH intracellular domain (NICD) translocate in to the nucleus. In nucleus, NICD

interact with the transcriptional machinery through the mastermind transcriptional

coactivator (MAML l-3), NOTCH ankfin repeats and NOTCH RAM 23 domain motif

(Kovall., 2008) to develop the transcriptional activation. The transcriptional complexes

machinery includes the DNA binding transcription factor CSL which is CBF1 in

homosapians. Interaction of NICD with these transcriptional complexes mediate the

transcriptional activation of various target genes such as HEY and HRT gene family. When

the NOTCHI signaling is inhibited, CSL transcription factor attract with the prornoters of

these target genes as a result bind to the promotors and leading toward the activation of

corepressors which iauses transcriptional inhibition of these tafgeted gdnes- The

corepressor molecules include SMRTA.lcoR. Upon activation of NICD, it interacts with

CSL. It alters CSL from a transcriptional repressor and convert it into a transcriptional

activator which is CBFI for human. This mechanism involves the displacernent of

corepressor complex and activation of coactivators MAML-I (Cayo et al., 2008). After

the transcriptional activation of targeted genes by NOTCHI signaling expression. Its

degradation is caused by ubiquitination mechanism on the completion of its function.

NOTCHI expression is reported to alter by various known proteins such as numb and numb

like, these are phosphotyrosine binding domain (PTB) containing proteins and E3 ubiquitin-

ligase. These proteins cause the positive or negative regulation ofNOTCHI signal.

PEST domain is located near the carboxyl lesainal of NICD. FBXWT targeted PEST

domain as a degrldalion signal and ubiquitinized it, which.cau-ses the destruction of NICD.

As the PEST domain function to keep NOTCH1 activation by.maintaining its signal

shength and duration. After the recruitment of RNA polymerase II holoenzyme to the

transcriptionally active complex, it causes the phosphorylation of PEST domain- Which

makg it susceptible to be target by FBXWT and thus cause its degradation (Bhanushali.,

2010).
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Chapter I

1.7.1.4.4.4 Mutations

Introduction

The research has revealed that "NOTCHI observed as performing tumor suppressor

function. The reports have demonstated that ttre occturence of frame shift, missense and

nonsense mutation is observed in 18.6 cases (Cerami et a1.,2012) these mutations have

been detected in EGF like domain repeats, which play an important role in ligand binding.

It suggests the function ofNOTCHI as a tumor suppressor gene. Moreover, it also has been

observed that Hyperplasia might been result due to the loss ofNOTCH function in a murine

model inducing skin carcinogen, thus supporting NOTCH as a tumor suppressor gene

(Nicqlas et al.,2OO3). Mediation of NOTCH_ oncogenic function is cell cycle progression

and apoptosis inhibition is illustrated (Ranganathan et a1.,2011).

\
NOTCH1 ligand inutations truncate the growth and development of several organs and

tissues. These mutations have been identified.in skeleton, cardiac and pulmonary.Rib

fusion is caused by the DLL3 NOTCHI ligand mutation. The experimentation has been

reported in which the mutant NOTCHI cell when got infection with a retrovirus, it

transduces the ras oncogene transformation, as a result an active form of squamous cell

carcinoma arises when it is inserted in to nude mice. The same experiment is conducted on

wild type cells, interestingly did not developed the disease. Keratinocyte tumor arises due

to thg loss of NOTCHI activity.

In the development of leukemia and lymphomas, aberrant NOTCH1 signaling have been

demonstrated as the causative agent. Cunently it have been illustrated that the NOTCHI

heterodimerization domain (HD) and PEST domain is associated with T-cell acute

lymphoblastic leukemia and lymphoma (T-ALL) and involve the translocation of t(7;9). In

T- ALL patients, 3' part of notchl gene juxtaposition with locus of T cell receptor betd is

characterized by this translocation, leading towards the truncated NOTCHI transcript

expression. Thus causes the production of ligand independent NOTCHI receptor and

ultimately develop T-ALL (Cayo et a1.,2008).
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Mutation in NOTCH receptors are reported in 24% cases. It also has been that FBXW7,

which is a ubiquitin ligase, it can target NOTCH for degradation that is.reported to be

mutated in 4.7Yo of cases of Head and neck carcinoma (Welcker et al., 2008). Aberrant

NOTCH protein and ligand signaling is associated with the occurrence of skin, marnmary,

cervical, prostate carcinomas. The absence ofNOTCHI expression causes the development

of neuroendocrine tumors which suggest the role of NOTCHI as h tumor suppressor gene

in neuroendocrine region (Cayo et ol., 2008). The role of NOTCHI have been well

illustrated in the maintenance of epithelial integrity and reliability (Sakamoto et a1.,2012)

as terminal differentiation of squamous epithelium cells produced by the truncated

expression of NOTCHI protein causes the formation of immature and undeveloped

epithelia. In Alzheimer's disorder, the inhibitors of gbmma'secretase are reported to

downstream NOTCH1 signaling pathway. An elevated association is demonstrated with

the risk of the skin carcinoma development (Teodorczyk et a1.,2014). NOTCH1 has been

considered as one of the key innovative finding in causing head and neck carcinoma

(Toustrup et a1.,2012).

L 7. 1 . 4.4. 5 Single nucleotide polymorphism

Several single nucleotide polymorphism (SNP) of NOTCHI gene has been reported. A

high frequency of NOTCH1 somatic mutations causing head and neck cancer were reported

to be missense mutation. fharc missense mutations were demonstrated to occur-near or

within exhacellular domain of NOTCHI protein and causes the production of NOTCHI

protein which lack its extracellular domain. Normally, extracellular region comprises of 36

EGF like repeat domains which contain Ca'z+ binding conserved sequence. EGF repeats

create interaction between NOTCHI receptor and its ligand, causing its activation.

NOTCHI receptor missing extracellular domain were identified to be inactivated by

somatic mutations. These mutations cause the development of head and neck cancer

(Sakamoto et al., 2012). Several frameshift and nonsense somatic mutations were also

reported. These mutations truncate and reduce the expression of NOTCH1 protein. The

truncated NOTCHI protein lack intracellular domain (NICD). In a normal pathway, upon

Determination of,Association of the.Head and-Ne-ck-CanCer-With-ltlO.-T-Ctt1-G-ene-Polyqqlphism i n---
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Chapter I Introduclion

activation of NOTCHI receptor. NICD translocate into the nucleus and cause

transcriptional activation of targeted gene. However, the truncated NOTCHI protein

missing NICD, inhibit the fiansactivation of the targeted genes. This suggest the role of

NOTCHI protein .as a tumor suppiessor gene in occlrrence of head and neck cancer

(Cancer Genome Atlas, 201 5).

The missense somatic mutations 1363G +A, 1070T+C, 1055A+T and 2898C+G have

been identified in the Ca2* binding EGF repeats domain. These missense mutations were

illustrated to effect the efficiency of Ca2+ binding EGF repeats function.1396A+G and

1363G+A were two somatic mutations identified in the NOTCHI receptor ligand binding

region. The somatic mutation 466T-+Awere observedto enhance the affrnity of NOTCH1

receptor for DLL1 16 and Jagged 1 ligands. Its location has been identified in the domain

within O-fucosylation site conserved sequence. Two novel mi$sense mutations

ll27G->T,4070G+A were reported in Taiwan population. It effects the functionality of

EGF repeats by mutatiirg its structure. In EGF repeats, these mutations hive been observed

between disulfide bonds of double stranded beta sheets within cysteine loops (Liu et al.,

2Ol6).In EGF like repeats domain, five somatic mutations with amino acid change'

455E+K, 966S+R, 466T+A,1108Q+X and 385S-rY were identified. The SNP

rs139994842 were identified to be associated with these NOTCHI mutations in Taiwan

population (Lfu et at.,2016) Which indicate that it might be a functional variant. Based on

this speculation, variant at site (rs139994842) identified in the 28th EGF like repeat of

NOTCHI was selectbd in foremost study.

Objectives of the Study

The current study was designed for

Assessment of most relevant.risk factor leading to Head and Neck Cancer in

selected Pakistani Population.

Cancer.
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Chapter 2 Moterials and Methods

2.1 Sample Collection

For the analy$is of association of NOTCH1 gene with Head and Neck cancer, blood samples

were collected from the selected Pakistani population. Total one hundred blood samples were

collected from Nuclear Medicine Oncology and Radiotherapy tnstitute (NORI) Hospital and

lnstitute of Nuclear Medicine and Oncology Lahore (INMOL) Hospital. For comparison with

the samples, fifty controls were collected randomly for this'study. Consent forms were filled for

the blood sample collection. Risf< factors include alcohol consumption, smoking, age, nutritional

practices and physical inactivity. Sample tubeS were.labeled'with the name of patients. Blood

samples were takes in total quantity of 1.5m1. Gently inverted the tubes after blood collection

for proper mixing of additives and blood. Vacutainer containing blood samples were kept in

refrigerator at20oC. Specific ID's were given to the blood samples starting from HNC-001 to

HNC-I00 and were stored in refrigerator.

a'

2.2 DNA Extraction using Organic Method

DNA of samples was extracted by using organic method.

2.2.1Day-l

Vacutainers containing blood samples weretept in racks for one hour at room ternperafure.

750p1ofblood was taken in Eppendorf s and then added 750p1of Solution A. Eppendorf s were

inverted for 4-6 times for proper mixing and were kept for l0mins at room temperature. Then

centrifuged the Eppendorfs at l3000rpm for lmin. Supernatant was discarded. Nuclear pellet

was re-suspended in 400p1 of Solution A. Mixed well to dissolve the pellet.. Centrifuged again

for lmin at l3000rpm. Discarded the supernatant. Pellet was re-suspended in 400p1of Solution

B, 12pl of 20% SDS (25p1 of l0% SDS) and 5-8pl of proteiiiase K (2OpVmL stored at20oC).

Pellet was dissolved by tapping and incubatbd overnight at 37oC.
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2.2.2Day-2

Materiols odd Methods

Added 500p1 of fresh mixture of equal volume of Solution C and Solution D. Mixed and

centrifuged at l3000rpni for l0mins. Upper layer (aqueous phase) was collected into new tubes.

Add equal quantity (500p1) of Solution D in aqueous layer. Centrifuged for l0mins at 13000rpm.

Upper aqueous layer was again tansferred into different tubes. DNA was precipitated by adding

55pl of sodium acetate and 500p1of chilled iso-propanol (-20"C). Tubes were inverted several

times to precipitate the DNA. Tubes were centrifuged at 13000rpm for l0mins and then

supernatant was discarded (carefully without disturbing the DNA pellet). 70Yo ethanol (-20oC)

about 200p1was added and centrifuged for Tmins at 13000rpm. Ethanol was discarded. Pellet

was dried in an incubator at 37oC for 20min. Then precipitated DNA was dissolved in 80-100p1

of TE/ Deionized water and incubated over-night at37oC.

2.3 Agarose GeI Electrophoresis

2% gelwas prepared by adding 0.5g of agarose in 45ml of distilled water and 5ml of 10X TBE

in a gaduated flask. Solution was heated for 2-3min to dissolve the agarose completely and

allowed to get cool for some time. 5pl of Ethidium Bromide was added into the solution and

mixed. Solution was poured into the gel caster and combs were inserted. For 30min, solution

was allowed to get solidify. After solidification of the gel, combs were removed carefirlly. Gel

casfer was placed into the gel tank and lX TBE solution was added. Before loading into the

wells, samples were centrifuged for lmin. 2.5 1tl DNA and 2.5 1tl loading dye were rnixed and

loaded into the wells carefully. Voltage of I l5V was supplied to the tank by attaching electodes'

for 30min. After the gel electrophoresis, bands were analyzed on Gel Documentation System by

turning on the UV-Trans-illuminator. Gel picture was taken and saved.

2.3.1 Compositions and Functions of Solutions

All stock solutions were prepared in the laboratory and were autoclaved before using.

Compositions and concentations of all the solutions are shown in table 2.1

Determination of the Association of Head and Neck Cancer with NOTCHl Gene polymorphism in Pakistani
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Table 2.1:

Compositions of Solutions

Determi!ation-sl-the4ssoCjalip-np.f tre-ad-and-N-e-ckCance-rwi-th-N,OlCH1-G-eLe-pqlymqrphiujdalblant

r,s

Components Concentrations Functions

Solution A

Sucrose 0.32 M Makes the sample heavier

Tris-HCl lOmM Maintains the pH

MgCt2 5mM {t acts as a detergent and helps in bursting cell

membranes

Solution B

Tris-HCl lOmM Maintains the pH

NaCl 400mM Increases buffer capacity and causes buffer

precipitation

EDTA 2mM Captures Mgz+ to protect the DNA from the

action of nucleases (Chelating agent lEnryme

inhibitor)

Solution C

Phenol l00ml Protein denaturation

Hydroxyquiniline 10 mg Chelating agent

Tris-Cl 0.1M Lysis buffer .

pmercaptoethanol 200pI Irreversibly denature RNase

Solution D

Chloroform 24ml Protein denaturation

Isoamylalcohal lml lncreases efficiency of chloroform to denature

s
Population
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2.4 Quantification of Extracted DNA

DNA quantification was donebyusing spectophotometer. Quantification of all the samples (Patients and

Conhols) was performed to deterrnine either DNA is contaminated or not. The standard value of

quantification ranges from 1.7-1.8, below or above this range, DNA was re extracted. Optical density

(OD) of the samples was taken at 260nm and 280nm. Lid factor l0 was used.

2.5 Primer Sequence

I

Sequence of all four primers is given in table 2.2.

2.6Tetraprimei Amplification Refractory Mutation System (ARMS) PCR

Tetra primer ARMS PCR was performed for all 100 samples along with the controls. PCR conditions

were altered for the optimization of samples. Fxtracted DNA was amplified in a total reaction volume of

25u1. Reactions for wild-type allele and mutant allele were prepared in same tube. According to the Tetra

primer ARMS-PCR conditions for NOTCHI variant Cl083C, I cycle of denatiration was carried out at

96'C for 3 minutes followed by the 35 cycles of annealing carried out at 96oC for 40sec, at 70oC for

40sec and at 72"C for 50sec. The final cycle of extension was carried outat72"C for l5 minutes as shown

in table 2.3.

mrnation-ofthe,Ass-oci-atiqn-of-llead-and Neck-C-ancerWith NQT-CH1Ge-rre polymorp-hjtnrx Pelulary--
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Table2.2

< 1 Thermal cycling PCR conditions for amplification

Table 2.3

Thermal cycling PCR conditions for amplification

\. Dqtefmination of the Aslociatio-n qf Head and Neck CaOgef with NOTCH1 Gene polymorphism in Pakistani

Population

^l".}
M
N
,\
\-.

.\

Primer Sequence

Common Forward 5' -AGCCAGGGCCTGGTGTGTGGC.3'

Common Reverse 5'.GCCCCTGGACTCCCCACCAC-3'

Allele Specific Fonrard 5' -TCCAGCCGCTGGGGCACGCA-3'

Allele Specific Reverse 5'.GCCGCGGTACTGGGTGTGGGT-3'

Steps Time Temperature No. of Cycles

Denaturation 3min 960C I cycles

Annealing

40sec 96"c

35 cycles
40sec 70"c

50sec 720C

Extension l5min 720C I cycles

29
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2.7 GelElechophoresis

prodtrcts obtained from teta primer ARMS-PCR were analped on 37o agarose gel. Gel was prepared by

inserting two combs. products for wild-tpe allele were loaded in upper row and products for mutant

allele were loaded in lower row to differeirtiate the both alleles easily. In all the wells, 6X loading dye

(Ihermo Scientific) was poured. To analpe the band size l00bp DNA ladder (o'GeneRuler) was used.

After loading the samples, voltage was srp,plied and then gel was anallzed on Gel Documentation

System.

2.8 Stettstical AnalYsls

For the interpretation and analpis of data, IBM SPSS software was used. Chi-square and p-value for age,

gender and histopathology were calculated. Genotypic and allele frequency were also calculated.

Dqtcrnnuaeiercf the*Assesialien -ot[ead atd-N-esk ean-cer-w-'-th No,feH-l Ge-rc-pslvmsmhislnin Pelislani

Population
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A complex disease, Head and Neck cancer have been reported as serious cause of mortality.

Occurrence of Head and Neck cancer might involve different factors including genetic and

environmental factors. Genetic variation in genes that regulate the mechanism in an individual may

develop the risk of Head and neck cancer. NOTCHI gene have been reported as tumor Suppressor

gene which participates in a wide range of squamous cell differentiation. Its mutational inactivation

has been involved in the development of Head and Neck cancer. Different SNPs have been

analyzed to find the association with HNC showing either null association or significant

association. In this study, NOTCHI gene has been selected to determine the association with Head

and neck cancer in specific Pakistani population, as this type of association has not been yet

reported previously in Pakistani population.

3.1 SNP Genotyping of NOTCHI C1083 (rs139994842)

To determine the association of NOTCHI gene with Head and Neck cancer, SNP (rsl39994842)

of NOTCHI gene was genotyped using Tetra primer ARMS-PCR technique.

3.2 Tetra primer ARMS-PCR analysis of NOTCHI (rs139994842)

The product obtained after Tefia primer ARMS-PCR amplification wux analyzed on2o/o agatose

gel. Gel picture showed the band size of 645bp and 440bp of wild type allele G and 245bp of
mutant allele A (fig. 3). Genotlpe were analyzed by visualizing the gel image that was obtained

through gel documentation system (BioRad).

3.3 Genotypic Analysis of NOTCH1 (rs139994842)

Among three genotlpes, homozygous major GG have been identified in patients and contols.

Ggnotype heterozygous GA have been found in patients and not a single homozygous minor AA
genotype have been seen in both patients and controls. Chi square test was applied to predict the

significance of the study and p-value was caiculated. Genotlpic and allelic frequencies of the

patients were also calculated.

\81
-Determinationrcf the-associationof Headand-Neck-Canrerwith-NOTCH]'GeIe pol'ymo-rphisrn-i-n-pakistETI
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-Y-.

6a5bpQ

aa)bp)

245bpQ

\
G/A GIA GIA G/A GlA GIG

Figure 3 Analysis of NOTCHI C1083 amplified products by using Tetra primer ARMS+CR
First and s€cond row showing band size for wild-type allele at 6a5bp and 440bp respectively. Third row
showing band size for specific allele at 245bp. First lane is for positive control and lane 1,2,3 and 4 arc
showing results for HNC patients while last lane is showing result for control. All three rows are showing
results for same individuals. 100bp ladder was used (O' Gene Ruler).

Determination of the association of Head and Neck Cancer with NOTCHl Gene Polymorphism in Pakistani
Population 32

Result & Discussion

'\:-



Chapter j Result & Discussion

3.4 Distribution of GenotYPes

Distribution of genotypes GG, GA and AA have been analyzed in both patients of HNc and

contols (Table 3.1). Analysis showedthatgenotypic frequencyof GG was42Yoand 100% in HNC

patients and controls respectively. GA genotlpe showed frequency of 58% in HNC patients and

showed 0% frequency in controls. Genotype AA showed}% frequency in both HNC patients and

controls. To determine the significant association, p-value was calculated. The p-value was

significant (0.0000) (Table 3.2). the resultant value showed the association of NOTCHI C1083

(rsl39994842) with HNC.

3.4.1 Allelic FrequencY

Frequencies ofbottr A and G allele were calculated for HNC patients and controls. Allele A showed

frequency of 0.58% in HNC patients and}%in contols while G allele showed 0.71% frequencies

in HNC patients and2% frequency in conlrols. Allelic frequencies have been showed in (Table

3.3). This analysis revealed significant statistical difference.

Deteimination of the assotiation bf lieaal ahd Ncak ceriaei witti NorcFll Gen6;Polymori:hisffi in Pakistani

Population
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Trble 3.1

Genotypic distribution in Controls and Patierrts

Result & Discttssion
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Figure 4 Bar Chart representing frequency of all three Ganotlpes
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Genotype Control Patient

GG
50 42

GA
0 58

AA
0 0

Total s0 100
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Table 3.2

P-value for Genotypes

Result & Discussion

i
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Table 3.3

Distribution of Allelic Frequency in Patients

---D-eteimihatio-raofth-e-assoei-ation o_-f Hb-ad-and'NEek-Caneff-with NOTCFIl Gen-e-Poly-rnomhisinin Pakistani-
Population 35

Genotypes Value of x

rs139994842

Degree of Freedom P-value

GG 0.363 I 0.s46

GA 42.42 I 0.0000

Alleles Allelic frequency
in Controls

Allelic frequency
in Patients

G

100

2%

142

0.71%

A

0

0%

58

0.s8%

/t\
\a
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3.5 Genotypic DistriUution between Males and Females

All the three genotypes were also analyzed in male and female HNC patients and controls.

Genotype GG was found to be 12 and 30 in HNC males and females respectively while GA

genotype was found to be 50 and 8 in HNC males and females respectively (Table 3.4). GA

genotype was not found in control goups. The value of odd ratio for gender was, OR 15.625 with

95% CI (5.733-42.583). Chi-square test was applied to gender to find out association between

gender and HNC (Table 3.5). The value of Chi-square was34.346 with p-value 0.000. it was found

that p-value was lesser than the standard si8nificant p-value (<0.05).

3.6 Distribution of HNC subtypes among Patients

Among all the 100 HNC individuals, frequency of HNC sub tlpes was also calculatedl Number of

patients with Nasopharynx (0.20%) and Buccal Mucosa (0.20) were found to be higher than the

patients carrying other sub types cancer. The frequency of other HNC subtypes was larynx

(0.16%), hypopharyrix (0.15%) Tongue (O.ll%) Max Sinus (0.10%) oropharynx (O.05%) lips

(0.03%). The result shows that Nasopharynx and Buccal cancer were more prevalent.

3.7 Age Distribution among HNC Patients

Distribution of HNC patients according to different age groups have been shown in table 3.7.

Analysis of data showed that Head and neck cancer is more corlmon between the age group of over

30 and below 65. This age group had both genders. The calculated mean and standard deviation.for

age was 47.27*13.46.

.-1 . " "

3.8 Ethnic study among HNC patients

Among all the 100 HNC individuals, Ethnic.frequency was also calculated. [n current study,

number of Punjabi patients carrying Head and Neck cancer (0.75%) was found to be higher. Ratio

of Pathan patients were 0.1 I %, Kashmiri patients w ere 0.l0Yo, Sindhi O.dl ot'ana Balochi patient

was found to be 0.01%

,.{d\
\J4
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Table 3.4

Genotypic Distribution in Males and Females
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Figure 6 Bar chart representing Genotlpic distribution between females and males

Result & Discussion

L

Gender

Female

oR (es%cD

GG GA

30 8 15.62s (5.733-

42.s8)

Mele t2 50

Totel 42 58

--'Y'
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Table 3.5

Distribution of HNC subtypes in Patients

Result & Discussion

\;

\

"r,

Population

Types of HNC No. of Individuals N=100 Percentage

Nasopharynx 20 0.20%

Buccal Mucosa 20 0.20%

Larynx t6 0.16%

Hypopharynx l5 0.t5%

Tongue ll 0.rl%

Maxilla Sinus 10 0.10%

Oropharynx 5 0.05%

Lip 3 0.03%
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Table 3.6

Disfiibution of HNC in Different Age Groups

\

Age Groups

l5 years or below

Results Total

GG GA

I I 2

16-25 years 4 I 5

26-35 years 3 8
ll

3645 years
ll l4 25

46-55 years
t2 22 34

56-65 years 8 8
t6

65years or above 3 4 7

Total
42 58 100

?t
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r15 years or below tl6-25 t26-35 r36-45 t46-55 r56-65 166 years orabove

Figurc 8 Bar chart representing distribution of HNC in different Age groups
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Table 3.7

Ethnic study among Patients

Result & Discttssion
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Ethnic Groups

Punjabi

Results Total

GG GA

3l M 75

Pathan 4 7
ll

Sindhi I 2 3

Balochi I 0 I

Kasbmiri 5 5
l0

Total
42 58 100

B
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3.9 Smoking history of HNC patients

Result & Discussion

h this studn smoking reports of HNC patients were also collected. Analysis of data showed that
rV\t Head and Neck cancer is more prevalent among smokers (0.5Solo) as compaf,ed to nonsmokers

(O.42yo).Chi-square value for smoking was calculated as 30.131 and p-value was 0.000. As p value

was significant, it can be concluded that smoking might be the relevant risk factor for developing

HNC.

Ir\
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Table 3.8

Distribution of HNC in Different Smoking Groups

L\h

I
tur

Smoking

Heroine

Results Total

GG GA

I 0 I

Cigarette 2
27 29

Hookah 0 I I

Betel Quid 3
l0 l3

Paan 2 I 3

Non Smokers
34 l9 53

Total 42 58 100

\ L-=-..._rltr+rr+Ferl+eoffigalrrrt^r^hi<rrr-in-l
un-ofttre-associationof-FteaffilrtecrcancerwitH{of€ttffiensPolymorphisn'r'in-Pakistani-- 
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Cigeratte smokers
29%

Non Smokers
s3%

Figure I0 Pi-chart representing frequency of Smokers

Figure 11 Bar chart representing distribtrtion of HNC in different Smoking groups
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3.10 Discussion

Head and neck cancer have been considered as seventh most common carcinoma in the world. tn

2012, 5gg,O00 new cases and 325,000 death cases were reported globally (Ferlay et a1.,2010).

Head and neck,cancer involves the carcinomas of oral cavity, larynx, pharynx, lip, buccal and

tongue. Few single nucleotide polymorphisms have been investigated to show mutations among

specific populations as in different studies, association between genetic variants and Head and neck

cancer have been concluded (Sharan et al., 2012). Aftbr the development of high-throughput

techniques such as exome sequencing that particularly detect the association of related genes link-

with the development and growth of the disease, the attentions have turned'around (Cancer

Genome Atlas, 2015). The role of NOTCHI gene have been investigated by Whole exome

sequencing technique in the development of Head and neck cancer about 15-19% (Agarwal et al.,

201 1).

The functional inactivation of NOTCHI have been researched to link with the squamous cell

differentiation and Head and neck cancer progtession (Sakamoto et a1.,2012). Another studies

conducted by utilizing cultured esophageal keratinocytes, which also shows'ttre role of NOTCHI

gene in squamous cell differentiation (Feigelson et a1.,2014).The role of NOTCHI gene has been

illustrated as fumor suppressor gene in Head and neck cancer occrurence (Cancer Genome Atlas,

201s).

The aim of this study was to determine the role of NOTCHI C1083 ii139994842 with Head and

neck Cancer in selected Pakistani population. Total 100 samples were collected to conduct the

study along with the 50 contols. According to our knowledge, this study is the first study being

conducted among Pakistani population.

Current study showed association of NOTCH1 C1083 rs139994842 with HNC by givlng P-value

0.000 that was less lhan the standard P-value 0.05. A study on population of Taiwan also show

significant association of NOTCHI C1083 rs139994842 with HNC. In this study, NOTCHI

germline variant rs 139994842 shows significant association with increased risk of Head and neck

Carcinoma. The observed OR value 3.46 and95%CI, 1.11-10.84 and p-value 0.03 (Liu et.al.,

2016).In current study, the observed OR value was 15.625 with 95%o Cl (5.733-42.583) and p-

,r-*\:l I I
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value was 0.000. [n present study, allelic frequencies were calculated for patient and controls.

Allele G showed frequency of 0.71%in HNC patients and2%o in controls while A allele showed

g.s8%frequency in HNC patients andO% frequency in controls. According to Taiwan study, A

alleleofNOTCHl Ct0S3rsl3ggg4842wasfoundhigherinPatients (0.|7%)thancontrols(0.08%)

(l iu el a1.,2016).

Two genotypes, GG and GA were identified in present study. These genotypes were analyzed in

patients and controls along with the comparison in gender. [n females, GG genotype was higher

(0.30%) than males (0.12%) among HNC patients. GA genotype was also found higher in males

(0.50%) than females (0.08%) in HNC patients and this genoqpe was absent in control cases (male

and female). Risk of occurrence of Head and neck cancer is higher in men (86.2%) than women

(13.7%). The fact and figures from 1995 to 2006 have demonsfiated that the ratio of developing

head and neck carcinoma among males have increased from 7.6%oto 17.7% (Chen et al-, 2008). In

Taiwan study, the proportions of males were reported g4.l%among patientS (Liu et at-,2016).

In current study, Nasopharynx cancer (0.20%)and Buccal Mucosa Cancer (0.20%)was found to

be more frequent than Larynx (0.16%) Hypopharynx'(0.15%) Tongue (0.1l%) Maxilla (0.10%)

Sinus (0.05%)Lip (0.03%). It has been found that Head and Neck cancer occurs in different ratios

with the advancing age. Previously it has been reported in Taiwan study among 128 samples that

0.ss%patients had Buccal cancer, O.42%patients have Tongue cancer, 0.15% have Gum cancer,

O.O7%have Palate cancer, 0.03% have Oropharynx,0.02yo have Hypopharyna and Larynx cancer

(Lfu et a1.,2016). [n present study, age was one of the parameter. This study showed that most of

the patients with the age group above.30 and below 65 were found to have more mutalions than

the age group below 30. Th; calculatedmean and standard deviation for age was47.27t13.46. The

mean age of Head and neck cancer patient reported in Taiwan study were 53.8 years. In this

particular study, no significant association were detected for the cancer stag6s, subtlpes and cancer

therapies with age.

On the other hand, Head and neck carcinoma reocculrence and death rate show significant

aSsociation. P-value calculated for tumor reoccurrence were (P=0.02) and (P:0.06) calculated for

death rate (Liu e/ al., 2016). In 2005 ttre particular study was conducted about Austalian

i6tidn-of H€adZnd-N-eck Ca-n-e-et with-NOTCFlfcenEPolymorphism-in"Pakistani---
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population, in which the approximate age of HPV associated HNC male patients were 59.8 years

and female patients were observed 63.6 years (Hocking et al.,20ll).

ln current study, one of the important parameter was smoking."The analysis of data shown that

Head and Neck cancer is more prevalent among smokers (0.58%) as compared to nonsmokers

(0.42%). Chi-square value for smoking was calculated as 30.13 I and p-value was 0.000. As p value

was sig4ificant, it can be concluded that smoking might be the relevant risk factor for developing

HNC. ln current study, 0.29%were cigarette smokers,0.l3yo were betel quid cheders, 0.03% were

Pan chewers'and 0.01% were heroine and hookah addicts among 100 samples.

In Taiwan study, the ratio of betel quid chewers was 82.3% however 67.4% cases were observed

as'alcohol users and the percentage of cigarette smokers were 86.2%recorded among the sample'

sizeof 282 cases (Chianget a1.,2008).Inthis study,theORvalue forcigarettesmokingwere 1.34

calculalqd with (957o C[,0.77-2.34) and P-value (0.24). The OR value for alcohol users were 1.46

(95o/o Cl, 0.88-2.42) and'P-value (0.21). The OR value for Betel chewing were 22.45 observed

with (95% CI, 13.39-37.64 and P-value (<.0001) calculated. Due to significance of p value, betel

quid chewers show significant association with Head and neck Cancer (Liu et a1.,2016). h this

study, head and neck cancer associated NOTCH1 rs t:i994842 show elevation with the chewing

of betel quid (Chian g et a1.,2008) observed in incidenc e of lsYolarynx and 79% oral carcinoma

(Lee et a1.,20I2).In this study, Betel quid were classified as human carcinogens and chewing of

betel quid shows significant association with NOTCHI gene linked Head and Neck cancer (Liu et

a1.,2016).In this study, the chewing of betel quid had shown stronger effect which may observed

to masked the cigarette smoking properties. The chewing of betel quid shown stron! associations

with the occturence of Head and neck cancer by causing somatic mutations. These mutations cause

abnormal alterations in the structure of NOTCH1 gene and increases the risk of Head and neck

cadcer, reocculrence and death rate as well. This investigated NOTCHI as a tumor suppressor gene

in Head and neck cancff development (Liu et a1.,2016).

The SNP rs13999484 Zwereidentified to be associated with these NOTCHI mutations in Taiwan

population, which indicate that it might be a functional variant. Based on this speculation, germline

variant at site (rs139994842) identified in the 28th EGF like repeat of NOTCH1 (Liu et a1.,2016).
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Chapter j Result & Discussion

Exon 20 ofNOTCHI gene is the large exon and contains 75Yo of gene coding sequence. Mutations

found on this exon are either frameshift synonymous or nonsense mutations. NOTCH1 C1083

rs139994842 is a synonymous mutation that lies on this exon. The NOTCHI C1083 rs139994842

polymorphism had been investigaied as gen-etic variant link with the risk of Head and neck cancer

in Taiwan population. It is evident from studies that loss in functionality of NOTCHI gene leads

to the development of Head and neck cancer. Current study was designed to determine the

association of NOTCHl gene with Head and neck cancer in selected Pakistani population that has

not been performed earlier. By viewing the statistical results and discussion mentioned above,

current study showed a significant association of NOTCHI C1083 rsl39994842 with Head and

neck cancer in selected Pakistani population. Calculated valu6 of p-value was 0.000 showing the

significance of the study. It can also be seen that most of the mu'tation of NOTCHI rs139994842

was found in smoker patients that gave significant p-value (0.000). Most of the patients carrying

NOTCHI rs139994842 mutation were above the age goup of 30 and below 65. The calculated p-

value for gender were significant (0.000) revealed that this factor is relevant with head and neck

cancer in current study.

In this study not a single homozygous recessive AA"genotype was found. 'There might be a low

penetrance of NOTCHI C1083 rs139994842 allele in patients showing GG genotype. NOTCHI

germline variant rs139994842 can statistically help as an early prognostic biomarker for Head and

neck cancer occurrence and development and this data can be used effectively in prevention,

observation of patients at risk, and early detection for reducing disease and death ratio in Head and

neck cancer patients (Liu et at.,2016).

Although in current study, selected population showed a significant association but there is I
possibility that by conducting -current.study on large sample size of this population, rnore strong

association could be seen. This association has not been repdrted previously in Pakistani population

therefore we might say that NOTCH1 rs139994842 polymorphism is novel finding in this

population. The findings of current case-control study iire consistent with the proposal that

Pakistani subjects differ from other subjects with respect to phenotlpic expression of Head and

neck cancer and NOTCHI risk. The results of current study are based on small sample size, but in

futurq more fact and figures can investigate by increasing the population sample size of study.
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Chapter j Result & Discussion

Regardless of some limitations, the results of the study provide a complete and systematic image

of NOTCHI polymorphisms role in the risk of developing Head and neck cancer and may provide

genetic insight into possible sfiategies for the prevention of Head and neck cancer. On clinical

ground, more effort is required to investigate the Head and neck cancer risk with NOTCHI variant

and to illustate the best mode for the defermination of NOTCHI C1083 rs139994842 mutations.

ln current study, only single germline variant rs 1399948 42 was examined for evaluating the

association with Head and neck Cancer. However other somatic mutations can also determine for

association with the development of Head and neck cancer..In future study, otherNOTCH1 exons

can also be selected for investigating Head and neck cancer genetic variants. The effort of current

study can investigate on other populations as well. Future study is required to determine that

whether other populations carry the same NOTCHI association with Head and neck cancer or not.

And whether the risk factors calculated in current study would show the similar association with

Head and neck cancer. A more appropriate study design is required to determine the role of

NOTCHI polymorphism in the development of Head and neck cancer with sufficient data ftir

investigating how genotypic and polymorphic frequency along with environmental factors could

elevate the risk of NOTCHI C1083 rsl39994842 carriers in Head and neck Cancer patients.
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