











"And say: My Lord increase me in knowledge."

(Qur'an, Ta-Ha Zb:l 14)

"My Lord, put my heart at peace for me, make my task easy for me,

and loose a knot from my tongue so they may understand my speech."

(Qur'an, 20:25-2
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Chapter 1 Introduction

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, oropharslnx, 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
estlmated every year worldw1de (Ferlay et al., 2010) (Parkm et al, 2005) (Sllvelra et
aI 2012)

Figures indicated that in Europe, there were new 250,000 cases and 63,500 reponed deaths
with Head and Neck cancer in 2012 (Gatta ef al., 2015). In the United States, it has been
estimated that about 62,000 Americans carrying this malignancy and approximately 13,000
dying every year (Siegel et al., 2016). In 2007 95,660 new cases were observed (Jemal et
al., 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 2:1 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 Indian subcontinent, the
occurrence rate exceeds 20 per 100 000 in males. The research has revealed that the
1nc1dence of pharyngeal and laryngeal cancer is fifty percent_hlgher in African Amerlcan
r_‘ngr_x_ﬁthan women (DeSantis ef al., 2013). Asian literature has presented thét the cancer of
Mouih and tongue are more common in Indian subcontinent than the other types and”:tge.

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

al., 2008) (Lambert et al.,2011).
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Chapter 1 Introduction

Australian 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 Welfare and Australasian Association of Cancer Registries, 2008). The
Oropharynx cancer is dominant in Australia. Its frequency is increased in the time period
of 2002-2011 from 23% to 28%. It contributes 2-3% of all the cancers in Australia (Park
et al.,2011). The indigenous Australian have high frequency of head and neck carcinoma
(Cunningham et al., 2008) 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., 2011).

1.1.2 Occurrencé in Pakistan

In the field of technologies, multi-disciplinary treatment approaches and recent surgical
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 treatment aspect (Carvalho et

al., 2004).

It is the most shocking situation for South-Asian countries especially in Pakistani
population where Head and neck carcinoma seems to be one of the most publically common
carcinoma. HNC is reported to be the second most highly elevated carcinoma in both male
and female Pakistani population (Jemal ef al., 2011). The highest occurrence rate of oral

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

4
(%

As for as the occurrence 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 al.t 2006).
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Chapter 1 Introduction

The most affected areas ar&'the base of tongue and tonsils. HPV strains are mostly reported
to cause infection in lesion of tongue. These infections are diagnosed to cause oral cancer
about 16%, 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 of HPV prevalence
in oral cancer is higher up to 33% as compared to Europe and North America where the

prevalence rate is reported up to 16% (Kreimer et al., 2005).

100 different types of HPV exist in which 15 different types are researched to contain
tumorigenesis prospective (Mufioz et al., 2003). HPV 16 is considered as the major threat
in causing infections. In some cases, HPV 16 is reported to cause multiple infection along
w{th HPV 18. These infections have been reported in 41% of the pa-tients (Erikson et al.,
2009).

A meaningful research has been conducted to evaluate the role of HPV in causing head and
neck cancer. It has been demonstrated that HPV is a sexually transmitted disease. The
definite carcinogenic passageway of the virus plays an important role in initiating HNC.
HPYV positive is a significant predictive factor in causing HNC than HPV negative (Ang et
al., 2010) (Posner et al., 2011) however the survival rate of head and neck cancer patient

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

HPYV infection accounts for increasing incidents (Bisht et al., 2011). 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, 1.04% have been reported (Hocking et al., 2011). The
modes of transmission of HPV in HNC have not been exclusively determined, however the

risk may be increase with sexual behavior (D’Souza ef al., 2007).

The occurrence of HPV in causing head and neck cancer is increasing every year in
Australia due to change in sexual behavior particularly oral sex (Hocking ez al., 201 1). The
link between HPV and HNC has been diécoveréd in the research study by the detection of
HPV DNA and HPV specific antibodies in oral sample of HNC patient (D'Souza et al.,

2007). In national immunization programme, the HPV vaccination have yet not been
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Chapter 1 Introduction

introduced and it have not researched so far that vaccination can prevent HPV strain

infections in head and neck cancer or not.

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. AIt has been reported that the poor
dental hygiene can act as the causative agent in oral carcinoma (Zheng et al., 1990) as teeth

loss can lead to the growth of oral cancer.

1.6.1.5 Sunlight exposure and carcinogenic 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 ultraviolet solar radiations in majority of cases (Perea-
Milla Lopez et al., 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 ﬁmes higher in males than females (PereaMilla Lépez ef al., 2003)
(Ariyawardana et al., 2013).

Itvhas been revealed that ratio of lip carcinoma is higher in white population as compared
to non-white particularly in Australia and Canada (Warnakulasuriya et al., 2009). In
Australian population, about 50% of the head and neck cancer have been reported as lip

carcinoma (Sugarman et al., 2002).
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Chapter 1 Introduction

Figure 1 Schematic Representation of NOTCH1 Domains structure
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Chapter 1 Introduction
1.7.1.4.4.3 Pathway

Initially each receptor consists of a single polypeptide chain. The encoded pre protein is
reported to processed proteolytically within the trans-Golgi network. Furin like Convertase
cleave these polypeptide chain at NOTCH S1 site to create two polypeptide chains that

undergoes heterodimerization to produce the mature cell-surface receptor.

Expression of notch ligand on the surface of one cell and NOTCH1 receptor on the surface
of another cell stimulate notch signaling. Binding of ligand to its receptor leads to activation

of NOTCHI1 protein receptor. In ligand binding, there are two types of interactions:

» Trans interaction

-» Cis interaction

Trans interaction occurs between the notch llgand and its receptor by cell to cell interaction.
This .interaction causes the activation of NOTCH signaling. While cis interaction is
believed to occur by binding of notch ligand to its receptcr within the same cell. It causes
the inhibition of NOTCH signaling (Kopan et al., 2009). These cis and trans interactions
are facilitated by EGF Notch domain (de Celis et al., 2000).

Before ligand binding to NOTCH1 receptor, the receptor expfess resistance toward the

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

Notch repeats provide security against cleavage sitt NOTCH1 S2 in the ectodomain. S2
site are located almost 12 amino acid sequence before the transmembrane domain. A
cascade of pf‘ofe‘olv'tic cleavage is initiated after the t;inding of ligand to its NOTCH1
receptor Wthh regulate the first cleavage at S2 and thus allows the ADAM/TACE
metalloprotemase to have access on NOTCHI S2 site for cleavage fallow by the loss of
ectodomain (Kopan et al, 2009). _The second cleavage is reported at S3 site.
metalloprotease-cleaved for:‘rnl of I\lOTCﬁl proteirl formwupo'n lhe removal of ecto_domaill.
This cleaved lntermediate act as a substrate for S3 cleavage by gamma secretase complex.

Gamma secretase is an intramembrane protease (Kopan ef al,,2009) which undergoes
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Chapter 1 Introduction

NOTCH cleavage within the transmembrane domain at S3. Thus this NOTCH cleavagé
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 1-3), NOTCH ankyrin 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 CBFI1 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 NOTCH1 signaling is inhibited, CSL transcription factor attract with the promoters of
these target genes as a result bind to the promotors and leading toward the activation of
corepressors which causes transcriptional inhibition of these targeted génes. The
corepressor molecules include SMRT/NcoR. Upon activation of NICD, it interacts with
CSL. It alters CSL from a transcriptional repressor and convert it into a transcriptional
activator which is CBF1 for human. This mechanism involves the displacement of
corepressor complex and activation of coactivators MAML-1 (Cayo ef 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 reportea 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 of NOTCHI1 signal.

PEST domain is located near the éarboxyl terrninél of NICD. FBXW7 ta:geted PEST
domaln asa degradatlon signal and ubiquitinized 1t which causes the destructlon of NICD
As the PEST domain function to keep NOTCHI activation by. mamtammg its 51gnal
strength and duration. After the recruitment of RNA polymerase II holoenzyme to the
transcriptionally active complex, it causes the phosphorylation of PEST domain. Which
make it susceptible to be target by FBXW?7 and thus cause its degradation (Bharwshali.,
2010).

_Determination of Assaciation of the Head and Neck Cancer with NOTCH1 Gene Polymorphism in
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1.7.1.4.4.4 Mutations

The research has revealed that NOTCHI observed as performing tumor suppressor
function. The reports have demonstrated that the occurrence of frame shift, missense and
nonsense mutation is observed in 18.6 cases (Cerami et al., 2012) these mutations have
been detected in EGF like domain repeats, which play an important role in ligand binding.
It suggests the function of NOTCHI1 as a tumor suppressor gene. Moreover, it also has been
observed that Hyperplasia might been result due to the loss of NOTCH function in a murine
model inducing skin carcinogen, thus supporting NOTCH as a tumor suppressor gene
(Nicolas et al., 2003). Mediation of NOTCH oncogenic function is cell cycle progression
and ;apoptosis inhibition is illustrated (Ranganathan et al., 2011). |

NOTCH] .ligé.ﬂd' mutations truncate the growth and development of seve?al organs and
tissues. These mutations have been identified in skeleton, cardiac and pulmonary. Rib
fusion is caused by the DLL3 NOTCHI ligand mutation. The e_xp_crimentation 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. Keratinocyfe tumor arises due

to the loss of NOTCH]1 activity.

In the development of leukemia and lymphomas, aberrant NOTCHI signaling have been
demonstrated as the causative agent. Currently it have been illustrated that the NOTCH1
heterodimerization domain (HD) and PEST domain is associated with T-cell acute
lymphoblastic leﬁkemia 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 beta is
cﬁaracteﬁzed by this translocation, leadihg towards the truncated NOTCHI transcript
expression. Thus causes the production of ligand independent NOT_CH_I receptor and
ultimately develop T-ALL (Cayo et al., 2008).

Determination of Association.of the Head and Neck Cancer,with__NO,TCHi‘G,ene,P_o],ymg,rp,hi_smjn

Pakistani Population » 22




_— .

p——
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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 4.7% of cases of Head and neck carcinoma (Welcker ez al., 2008). Aberrant
NOTCH protein and ligand signaling is associated with the occurrence of skin, mammary,
cervical, prostate carcinomas. The absence of NOTCH1 expression causes the development
of neuroendocrine tumors which suggest the role of NOTCHI as 4 tumor suppressor gene
in neuroendocrine region (Cayo et al., 2008). The role of NOTCHI have been well
illustrated in the maintenance of epithelial integrity and reliability (Sakamoto et al., 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 gamma' secretase are reported to
downstream NOTCHI signaling pathway. An elevated association is demonstrated with
the risk of the skin carcinoma development (Teodorczyk et al., 2014). NOTCHI1 has been
considered as one of the key innovative finding in causing head and neck carcinoma

(Toustrup et al,, 2012).

1.7.1.4.4.5 Single nucleotide polymorphism

Several single nucleotide polymorphism (SNP) of NOTCHI1 gene has been reported. A
high frequency of NOTCH1 somatic mutations causing head and neck cancer were reported
to be missense mutation. These missense mutations were demonstrated to occur.near or
within extracellular 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*+ binding conserved sequence. EGF repeats
create.interéction between NOTCH]1 receptor and its ligand, causing its activation.
NOTCHI receptor missing extracelluiar domain were identified to be inactivated by
somatic mutations. T“hesc 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 NOTCHI1 protein lack intracellular domain (NICD). In a normal pathway, upon
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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 transactivation of the targeted genes. This suggest the role of
NOTCH1 protein -as a tumor suppressor gene in occurrence of head and neck cancer

(Cancer Genome Atlas, 2015).

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

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

illustrated to effect the efficiency of Ca®*+ binding EGF repeats function.1396A—G and

1363G—A were two somatic mutations identified in the NOTCH1 receptor ligand binding
region. The somatic mutation 466T—A were observed to enhance the affinity of NOTCHI

receptor for DLL116 and Jagged 1 ligands. Its location has been identified in the domain

within O-fucosylation site conserved sequence. Two novel missense mutations

1127G—T,4070G—A were reported in Taiwan population. It effects. the functionality of
EGF repeats by mutating its structure. In EGF repeats, these mutations have been observed

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

2016). In EGF like repeats domain, five somatic mutations with amino acid change:
455E—K, 966S—R, 466T—A,1108Q—X and 385S—Y were identified. The SNP

15139994842 were identified to be associated with these NOTCH1 mutations in Taiwan

population (Liu e? al., 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
NOTCH]1 was selected in foremost study. )

Objectives of the Study
The éurrent study was designed for

> Assessment of most relevant risk factor leading to Head and Neck Cancer in
selected Pakistani Population.
> Analyzing NOTCH1 gene (rs139994842) association in patients of Head and Neck

Cancer.
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Chapter 2 ) Materials and Methods

2.1 Sample Collection

For the analysis of association of NOTCHI1 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 Institute (NORI) Hospital and
Institute 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. Risk factors include alcohol consumption, smoking, age, nutritional
practices and physical inactivity. Sample tube§ were labeled with the name of patients. Blood
samples ‘were takes in tota] quantity of 1.5ml. Gently inverted the tubes after blood collection
for proper mixing of additives and blood. Vacutainer containing blood samples were kept in

refrigerator at 20°C. Specific ID’s were given to the blood samples starting from HNC-001 to

‘HNC-100 and were stored in refrigerator.

2.2 DNA Extraction using Organic Method

DNA of samples was extracted by using organic method.
2.2.1 Day-1

Vacutainers containing blood samples were kept in racks for one hour at room temperature.
750ul of blood was taken in Eppendorﬁ and then added 750p1 of Solution A. Eppendorf’s were
inverted for 4-6 times for proper mixing and were kept for 10mins at room temperature. Then
centrifuged the Eppendorf’s at 13000rpm for 1min. Supernatant was discarded. Nuclear pellet
was re-suspended in 400pl of Solution A. Mixed well to dissolve the pellet. Centrifuged again
for 1min at 13000rpm. Discarded the supernatant. Pellet was re-suspended in 400p1 of Solution
B, 12pl of 20% SDS (25ul of 10% SDS) and 5-8pl of proteinase K (20pl/mL stored at 20°C).
Pellet was dissolved by tapping and incubated overnight at 37°C.
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2.2.2 Day-2

Added 500pl of fresh mixture of equal volume of Solution C and Solution D. Mixed and
centrifuged at 13000rpm for 10mins. Upper layer (aqueous phase) was collected into new tubes.
Add equal quantity (500p1) of Solution D in aqueous layer. Centrifuged for 10mins at 13000rpm.
Upper aqueous layer was again transferred into different tubes. DNA was precipitated by adding
55ul of sodium acetate and 500pl of chilled iso-propanol (-20°C). Tubes were inverted several
times to precipitate the DNA. Tubes were centrifuged at 13000rpm for 10mins and then
supernatant was discarded (carefully without disturbing the DNA pellet). 70% ethanol (-20°C)
about 200p] was added and centrifuged for 7mins at 13000rpm. Ethanol was discarded. Pellet
Waé dried in an incubator at 37°C for 20min. Then precipitated DNA was dissolved in 8§0-100ul
of TE/ Déionized water and incubated over-night at 37°C.

2.3 Agarose Gel Electrophoresis

2% gel was prepared by adding 0.5g of agarose in 45ml of distilled water and 5ml of 10X TBE
in a graduated 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 carefully. Gel
caster was placed into the gel tank and 1X TBE solution was added. Before loading into the
wells, samples were centrifuged for 1min. 2.5 pl DNA and 2.5 pl loading dye were mixed and
loaded into the wells carefully. Voltage of 115V was supplied to the tank by attaching electrodes
for 30min. After the gel electrobhoresis, 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 concentrations of all the solutions are shown in table 2.1
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Table 2.1:
B ) Compositions of Solutions
Components Concentrations Functions
Sucrose 032M Makes the sample heavier
Tris-HCI T0mM Maintains the pH
Solution A MgCI2 5mM It acts as a detergent and helpé in bursting cell
membranes
Tris-HCI 10mM Maintains the pH
NaCl 400mM Increases buffer capacity and causes buffer
precipitation
Solution B - -
- EDTA 2mM Captures Mg2+ to protect the DNA from the
ﬁ) action of nucleases (Chelating agent / Enzyme
inhibitor)
Phenol 100ml Protein denaturation
Hydroxyquiniline 10 mg Ch;elating agent
Solution C Tris-Cl 0.1IM Lysis buffer .
pmercaptoethanol 200pul Irreversibly denature RNase
Chloroform 24m1 Protein denaturation
Solution D )
Isoamylalcohal 1ml Increases efficiency of chloroform to denature

o)
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2.4 Quantification of Extracted DNA

Q . DNA quantification was done by using spectrophotometer. Quantification of all the samples (Patients and
= Controls) was performed to determine 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 10 was used.
2.5 Primer Sequence

Sequence of all four primers is given in table 2.2.

2.6 Tetra primer 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. Extracted DNA was amplified in a total reaction volume of
25ul. Reactions for wild-type allele and mutant allele were prepared in same tube. According to the Tetra
primer ARMS-PCR conditions for NOTCH 1 variant C1083C, 1 cycle of dénaturation was carried out at
96°C for 3 minutes followed by the 35 cycles of annealing carried out at 96°C for 40sec, at 70°C for

40sec and at 72°C for 50sec. The final cycle of extension was carried out at 72°C for 15 minutes as shown
E@ in table 2.3.

S
=¥ _____ Determination of the Association of Head and Neck Cancer with NOTCH1 Gene polymorphism in Pakistani
Population
28
e










Chapter 3

)




Chapter 3 : : Result & Discussion

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. NOTCH1 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, NOTCH1 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 NOTCH1 C1083 (rs139994842)

To determine the association of NOTCH1 gene with Head and Neck cancer, SNP (rs139994842)
of NOTCHI gene was genotyped using Tetra primer ARMS-PCR technique.

3.2 Tetra primer ARMS-PCR analysis of NOTCHI1 (rs139994842)

The product obtained after Tetra primer ARMS-PCR amplification was analyzed on 2% agarose
gel. Gel picture showed the band size of 645bp and 440bp of wild type allele G and 245bp of
mutant allele A (fig. 3). Genotype were analyzed by visualizing the gel image that was obtained
through gel documentation system (BioRad).

3.3 Genotypic Analysis of NOTCHI1 (rs139994842)

Among three genotypes, homozygous major GG have been identified in patients and controls.
ngotype heterozygous GA have been found in patients and not a single homozygous minor AA
gcnétype have been seen in both patients and controls. Chi square test was applied to predicf the
significance of the study and p-value was calculated. Genotypic and allélic frequencies of the

patients were also calculated.

Population
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Table 3.2

P-value for Genotypes

Result & Discussion

rs139994842
Genotypes Value of x Degree of Fréedom 7 P-value
GG 0.363 0.546
‘GA 42.42 0.0000
Table 3.3
Distribution of Allelic Frequency in Patients
Alleles Allelic frequency Allelic frequency
in Controls in Patients
100 142
G 2% 0.71%
0 58
A 0% 0.58%
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Chapter 3 Result & Discussion

3.5 Genotypic Distfibution 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 groups. 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 was 34.346 with p-value 0.000. it was found
that p-value was lesser than the standard significant p-value (<0.05).

3.6 Distribution of HNC subtypes among Patients

Among all the 100 HNC individuals, frequency of HNC sub types was also calculated. 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%), hypopharynx (0.15%) Tongue (0.11%) Max Sinus (0.10%) oropharynx (0.05%) 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 common 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.

3.8 Ethnic sﬁndy among HNC patients

Among all the 100 HNC- individuals, Ethnic frequency was also calculated. In current study,
number of Punjabi patients carrying Head and Neck cancer (0.75%) was found to be hi gher. Ratio
of Pathan patients were 0.11%, Kashmiri patients were 0.10%, Sindhi 0.03 %and Balochi patient
was found to be 0.01%.
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3.10 Discussion

Head and neck cancer have been considered as seventh most common carcinoma in the world. In
2012, 599,000 new cases and 325,000 death cases were reported globally (Ferlay et al, 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). After 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.,

2011).

The functional inactivation of NOTCH]1 have been researched to link with the squamous cell
differentiation and Head and neck cancer progression (Sakamoto ef al., 2012). Another studies
conducted by utilizing cultured esophageal keratinocytes, which also shows-the role of NOTCHI1
gene in squamous cell differentiation (Feigelson et al., 2014). The role of NOTCH1 gene has been
illustrated as tumor suppressor gene in Head and neck cancer occurrence (Cancer Genome Atlas,

2015).

The aim of this study was to determine the role of NOTCH! C1083 5139994842 with Head and
neck Cancer in selected Pakistani population. Total 100 samples were collected to conduct the
study along with the 50 controls. 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 giving P-value
0.000 that was less than the standard P-value 0.05. A study on population of Taiwar also show
significant association of NOTCHI1 C1083 rs139994842 with HNC. In this study, NOTCH1
germline variant rs 139994842 shows significant association with increased risk of Head and neck
Carcinoma. The observed OR value 3.46 and 95% 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% CI (5.733-42.583) and p-
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value was 0.000. In present study, allelic frequencies were calculated for patient and controls.
Allele G showed frequency of 0.71% in HNC patients and 2% in controls while A allele showed
0.58% frequency in HNC patients and 0% frequency.in controls. According to Taiwan study, A
allele of NOTCH1 C1083 rs139994842 was found higher in Patients (0.17%) than controls (0.08%)

(Liu et al., 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. In 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 genotype 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 demonstrated that the ratio of developing
head and neck carcinoma among males have increased from 7.6% to 17.7% (Chen et al., 2008). In

Taiwan study, the proportions of males were reported 9{.7% among patients (Liu e al., 2016).-

In current study, Nasopharynx cancer (0.20%) and Bﬁccal Mucosa Cancer (0.20%) was found to
be more frequent than Larynx (0.16%) Hypopharynx (0.15%) Tongue (0.11%) 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
0.55% patients had Buccal cancér, 0.42% patients have Tongue cancer, 0.15% have Gum cancer,
0.07% have Palate cancer, 0.03% have Oropharynx,0.02 % have Hypopharynx and Larynx cancer
(Liu ez al., 2016). In 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 mutations than
the age group below 30. The calculated meén and stan@ard de\{iation for age was 47.27+13.46. The
mean age of Head and neck cancer patient fepofted in _TaiWan study were 53.8 yearsl.. In this
particular study, no significant association were detected for the cancer stagés, subtypes and cancer
therapies with age.

On the other hand, Head and neck carcinoma reoccurrence and death rate show significant
association. P-value calculated for tumor reoccurrence were (P=0.02) and (P=0.06) cal culated for

death rate (Liu er a/, 2016). In 2005 the particular study was conducted about Australian

Determination of the association of Head and Neck Cancer with NOTCH1 Gene Polymorphismi-in-Pakistani—

Population

49

- —— i -




&)

’Chapter 3 Result & Discussion

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., 2011).

In 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 30.131 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. In current study, 0.29% were cigarette smokers,0.13% were betel quid chewers, 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
size of 282 cases (Chiang et al., 2008). In this study, the OR value for cigarette smoking were 1.34
éalgulatcd with (95% CI, A0.77-2.34) and P-value (0.24). The OR value for alcohol users were 1.46
(9.5%7CI, 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 valué, betel
quid chewers show significant association with Head and neck Cancer (Liu et al., 2016). In this
study, head and neck cancer associated NOTCHI1 rs 139994842 show elevation with the chewing
of betel quid (Chiang et al., 2008) 6bserved in incidence of 18% larynx aﬁd- 79% oral carcinoma
(Lee et al., 2012). In this study, Betel quid were classified as human carcinogens and chewing of
betel quid shows significant association with NOTCH1 gene linked Head and Neck cancer (Liu et
al., 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 strong associations
with the occurrence 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
cancer, reoccurrence and death rate as well. This investigated NOTCH1 as a tumor suppressor gene

in Head and neck cancer development (Liu et al., 2016).

The SNP rs139994842 were identified to be associated with these NOTCHI mutations in Taiwan
pppplation, which indicate that it might be a ﬁ1nctiona1 variant. Based on this speculatiom, germline
variant at site (rs139994842) identified in the 28th EGF like repeat of NOTCH1 (Liu ez al., 2016).
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Exon 20 of NOTCH1 gene is the large exon and contains 75% 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 NOTCH1 C1083 rs139994842
polymorphism had been investigated as genetic 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 NOTCH1 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 NOTCH1 C1083 15139994842 with Head and
neck cancer in selected Pakistani population. Calculated valug¢ of p-value was 0.000 showing the
significance of the study. It can also be seen that most of the mutation of NOTCHI 15139994842
was found in smoker patients that gave significant p-value (0.000). Most of the patients carrying
NOTCHI rs139994842 mutation were above the age group 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 NOTCH1 C1083 rs139994842 allele in patients showing GG genotype. NOTCH1

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 ef al,, 2016).

Although in current study, selected population showed a significant association but there is.a
possibility that by conducting current study on large sample size of this population, more strong
association could be seen. This association has not been reported previously in Pakistani population
therefore we might say that NOTCHI1 rs139994842 polymorphism is novel finding in this
population. The findings of current case-control study are consistent with the proposal that
Pakistani subjects differ from other ‘subjectsfwith respect to phenotypic expression of ‘H'ead and
neck cancer and NOTCHI risk. The résﬁlts of c;urrent study are bésed on small sample size;l but iﬁ

future more fact and figures can invéétigate by increasing the population sample size of study.
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Regardless of some limitations, the results of the study provide a complete and systematic image
of NOTCHI1 polymorphisms role in the risk of developing Head and neck cancer and may provide
genetic insight into possible strategies for the prevention of Head and neck cancer. On clinical
ground, more effort is required to investigate the Head and neck cancer risk with NOTCH1 variant

and to illustrate the best mode for the determination of NOTCH1 C1083 rs139994842 mutations.

In current study, only single germline variant rs 139994842 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, other NOTCHI 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 NOTCH1 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 apprbpn'ate study design is required to determine the role of
NOTCH1 polymorphism in the development of Head and neck cancer with sufficient data for
investigating how genotypic and polymorphic frequency along with environmental factors could
elevate the risk of NOTCH1 C1083 rs139994842 carriers in Head and neck Cancer patients.
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