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Introduction

Cancer is a disease that involves dynamic changes in the genome. It develops
from molecular changes that alter the normal properties of a cell. Such cell lose
control of the normal cell cycle and hence grow or divide unchecked and eventually
invade other tissues (Olah, 2005). About 19.3 million cancer cases and almost 10
million deaths related to cancer are estimated to occur worldwide in 2020. One half
of the total cases and 58.3% of total cancer deaths occur in Asia which has approx
59.5 % of the total world population (Sung et al., 2021). Though female breast
cancer is the most commonly diagnosed cancer worldwide (Arnold et al., 2022) and
lung cancer the leading cause of cancer death (Thandra et al, 2021), cancer of the lip
and oral cavity is highly frequent in South Central Asia, including India (Shield et
al., 2017) and Oral Squamous Cell Carcinoma (OSCC) is the sixth most common

malignancy worldwide (Das et al., 2002).

Cancers are usually named as the organ or tissue they affect such as lung
cancer or oral cancer and they are also described based on the type of cell they
originate from such as squamous cell (National Cancer Insitute, 2024). Oral
Squamous Cell Carcinoma involves cancer of the epithelial lining of the oral cavity
and represents 95% of all forms of head and neck cancer (Rivera & Venegas, 2014).
Oral cancer counts for almost 30% of all the cancers presented at one of the most
renowned cancer referral hospitals in India (Arya et al, 2012). According to
Globocan 2020 (Sung et al., 2021), cancer of the lips and oral cavity counts for 2%
of all cancer incidence and 1.8% of death from cancer of all sites. However,
incidence rate is high in eastern and western Europe, as well as New
Zealand/Australia and linked to alcohol consumption and tobacco smoking. It is also
highly frequent in South Central Asia including India, Pakistan and Sri Lanka. India
has been cited often as the country with highest incidence of oral cancer
(Warnakulasuriya, S., 2009) and it is the leading cause of cancer related deaths

among men in India (Sung et al., 2021).

Oral cancer is a malignant neoplasm occuring in the oral cavity including lip

and tongue (Andrade et al., 2015). 90% of oral cancer is that of squamous cell
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carcinoma. The oral cavity consists of the tongue, the hard palate, the upper and
lower alveolus covered by gingival mucosa, the floor of mouth, the buccal mucosa,
the mandible and maxilla, the gingivobuccal sulci, the lips and the retromolar trigone
and oral squamous cell carcinomal can develop in any of these various sites of the
oral (Al-Rawi et al., 2023). Cancers of the oral cavity, along with cancers of the

pharynx, larynx, salivary glands and paranasal sinuses and nasal cavity are included

Lip.__ _/Gingiva (gum)

Teeth N gy /

Hard palate— \ / \
[ . : _—Uvula
Soft palate i B n

——Tonsil

Retromolar.

trigone 7 Buccal mucosa

| (lip and cheek
/ lining)

~ ~——Floor of mouth

Tongue
(front two-thirds)

in head and neck cancer (Argiris et al., 2008) and are ofter grouped together in a

study.
Figure 1: Subsites of the oral cavity (National Cancer Institute, 2024)

Oral cancer arises from a complex process of accumulating genetic and
epigenetic changes in important regulatory genes. Various other factors such as
tobacco and alcohol, areca nut consumption, oro-dental hygiene, nutrition, genetic
factors have been proposed to play a role in the development of oral cancer (Ram et
al., 2011, Tapak et al., 20213). According to National Institute of Dental and
Craniofacial Research (2024), the overall relative survival rate for oral cancer is 68%
within the year 2012 — 2018, which is much better than 26.7% of the lung and
bronchus in 2014 — 2020 (National Cancer Institute, Surveillance, Epidemiology, and

End Results Program, 2024), however, patients of the oral cancer experienced a



Introduction

decline in quallity of life after surgical or radiotherapy, in terms of intelligible
speech, chewing and swallowing of foods, drying of the mouth (Gellrich et al.,
2002). Even with all the advances in surgery, surgical treatment of head and neck
cancer including oral cancer ofter results in compromise of aesthetic organs
(Kolokythas, 2010a) and hence facial scars and disfigurement as well as inability to
control saliva secretion can present a serious psychological burden (Kolokythas,
2010b).

Cancer cells have defects in these regulatory circuit genes that govern normal
cell proliferation and homeostasis. Hanahan & Weinberg, 2000 suggested six
alterations in a cell that give rise to malignancy such as self sufficiency in growth
signals, insensitivity to growth inhibitory (antigrowth) signals, evasion of
programmed cell death (apoptosis), limitless replicative potential, sustained
angiogenesis and tissue invasion and metastasis. Those characters were called
hallmarks of cancer and progress in the understanding during the next ten years
resulted in the addition of two more hallmarks — reprogramming of energy
metabolism and evading immune destruction (Hanahan & Weinberg, 2011).
Epigenetic alteration had also been suggested as another hallmark of cancer (Sarkar
et al, 2013).

Cancer results from the disorganisation of cell cycle which leads to an
uncontrolled cellular proliferation. The abnormalities in cancer cells usually result
from accumulation of genetic and epigenetic alterations in the proto-oncogenes and
tumor supressor genes, genes that regulate the cell cycle (Golias et al, 2004). In
short, proto-oncogenes are normal genes that stimulate cell division or promote cell
proliferation, whereas tumor supressor genes inhibit cell division and thereby
prevents uncontrolled growth and hence tumor formation (John et al, 2016). The
genetic change that is found in proto-oncogene is gain of function, usually by gene
amplification or overexpression, resulting in increased production of oncoprotein,
while in tumor suppressor gene, the genetic change is the loss of function (Lee &
Muller, 2010). Since inactivation of both copies of the gene is required for the loss of
function, such mutation can be carried in the population without apparent deleterious

consequences (Gibbs, 2003, Kontomanolis et al, 2020). As a person ages, the
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mutations eventually accumulate enough to turn a cell malignant. It has been
estimated that three to six mutations are sufficient to transform normal cells into

malignant cells (Vogelstein and Kinzler, 1993).

AKT is an evolutionary conserved serine protein kinase in the PI3K pathway.
AKT has three structural domains — an amino terminal Pleckstrin Homology domain
which mediates lipid-protein and/or protein-protein interactions, a short carboxy
terminal tail comprising a regulatory hydrophobic motif (HM) and a linker section
with a central kinase catalytic domain, with specificity for serine or threonine
residues in its substrates (Datta et al., 1999, Ghafouri-Fard et al., 2022). AKT exists
as three isoforms — AKT1, AKT2 and AKT3 — encoded by three different genes
(Datta et al., 1999). They are ubiquitously expressed but their levels are variable,
depending on the tissue type. AKT being the primary mediator in the PI3K-initiated
signalling pathway, modulates various downstream proteins to promote cell survival
and cell cycle progession (Chang et al., 2003). However, the different isoforms are
also reported to perform distinct biological functions — AKT1 having a role in cell
survival, AKT2 maintaining glucose homeostasis and AKT3 being involved in brain
development (Tsai et al, 2022). Mutation in the AKT is suggested to have an
oncogenic function but copy number variation (amplification or deletion) and
overexpression of the isoforms are also reported in various cancers (Nakayama et al.,
2006, Pérez-Tenorio et al, 2014).

Immunohistochemistry (IHC) involves identifying antigens in tissue samples
using particular antibodies. The advantage of this technique is that it is able to locate
antigens directly in tissue or cells, eliminating the need to extract the protein first
(Ramos-Vara, 2011). Tissue fixation is a crucial step to maintain the the quality and
integrity of the tissue samples for IHC. Ischemia of the resected tissue would result
in degration of protein, RNA, DNA and even in activation of tissue enzymes (Kim et
al, 2016), hence, tissue fixation is to prevent autolysis and degradation of the tissue
and tissue components. Formadehyde based solution is commonly used for tissue
fixation and works by the formation of intra and inter-molecular cross-links (Howat
& Wilson, 2014). The tissue is then embedded in parafin wax to make formalin

fixed, paraffin-embedded (FFPE) tissue block, to ensure preservation of the
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architectural components of the tissue and to enable thin sections to be cut
(Mathieson & Thomas, 2020). Antigen retrieval is one important step during
Immunohistochemistry as it enables an antibody to access the target protein within
the tissue that got masked during tissue fixation. It is in simple term, to hydrolyze the
cross-linkages by heat or enzymes (Leong & Leong, 2007), and different variations
of heat induced epitope retrieval (HIER) is widely used in various immunostaining

processes (Krenacs et al., 2010).

Survival analysis is the study of group data that is about time starting from a
defined point untill the occurrence of an event (Goel et al., 2010). The time in
between is called “survival time” and in cancer studies, it usually means time in
between diagnosis (defined point) and death (event). It can also be applied to time
survived from intervention or remission to relapse (Clark et al., 2003). Survival
analysis can be an extremely helpful tool, especially in clinical research and offers
priceless details regarding an intervention such as drugs, for example (Singh, R., &
Mukhopadhyay, 2011). It can also be used to study time interval between definitive
surgery and detection of distant metastasis, which had not been observed initially,
and predict information about the cancer's prognosis and aid in choosing the best
course of therapy (Sekikawa, et al., 2020). Among the various factors that have been
associated with survival, the most well-established are the stage of cancer at initial
diagnosis, depth of invasion and neck metastasis (Fan et al, 2014, Kim & Ahn,
2024). Other factors including biological factors and tissue grades are also used to
predict survival (Sim et al., 2019). A combination of genes (Li et al, 2022) or even a
single protein (Lipponen et al., 1991) had been used to study and predict survival of

cancer based on their expression in the tumor.
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Oral cancer had been grouped under head and neck cancer along with cancer
of other sites such as tonsils, sites of pharynx and larynx in a report prepared by
National Cancer Registry Programme that collected data in between 2012-2016 and
published in 2020 (ICMR-NCDIR). The report stated that out of the 31 public based
cancer registries, Mizoram ranked 11" for male and 13" for female for incidence of
head and neck cancer, while for the capital district Aizawl, the rank is 5" and 8"
respectively. In the same report, for males, the highest number of cases for head and
neck cancer occurred at the age group of 60-64, but highest incidence of tongue and
mouth cancer are in the 4549 and the 50-54 age groups, respectively. For females
also, the age group of 60-64 registered the highest number of cases of head and neck
cancer as well as for mouth, while incidence of tongue cancer is highest in the 50-54
age group. In Mizoram, a report collected for 18 years (2003 — 2020) showed head
and neck cancer as the second most prevalent (age standardized incidence rate 31.6
per 100000) and fourth most common cause of cancer related death (age
standardized mortality rate 15.9 per 100000) among men. Among women, head and
neck cancer is the sixth most common amongst all cancer sites with age standardized
incidence rate of 9.7 per 100000 and the age standardized mortality rate is 4 per
100000, being the sixth leading cause of cancer related death (Zomawia et al., 2023).

Incidence or mortality data of oral cancer was not separately reported.
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Figure 2: Ten leading sites of cancer in a. Mizoram State b. Aizawl district
(ICMR-NCDIR)

Carcinogenesis being a highly multifocal process, is thought to result from
prolonged exposure to various environmental and other exogenous factors (Tanaka &
Ishigamori, 2011). Alcohol and tobacco has long been considered as the most
important risk factor for various forms of cancer including oral cancer. Though they
pose a significant risk even individually, their synergistic effect seems to be higher
(Andrade et al., 2015). In addition to smoking, a significant danger may also arise
from long-term exposure to tobacco flakes, such as in situations where bidi
production is a custom in the home and involves even young children (Abdulla et al.,
2018). A total of 1172 constituents are found to be present both in tobacco and
tobacco smoke and 69 carcinogens have been identified in tobacco smoke which
include polynuclear aromatic hydrocarbons (PAHS), heterocyclic hydrocarbons,
volatile hydrocarbons, nitrohydrocarbons, aromatic amines, N-heterocyclic amines,
N-nitrosamines, aldehydes, some organic compounds and inorganic compounds, and

phenolic compounds. (IARC monograph, 2004).

Alcohol once consumed is converted by various enzymes into acetaldehyde,
which is further converted into less harmful acetate. If and when the acetaldehyde

gets accumulated, it being highly reactive towards DNA, may bind to DNA and
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alters its physical shape and potentially block DNA synthesis and repair (Rumgay et
al., 2021). The metabolism of ethanol also leads to formation of Reactive Oxygen
Species which have genotoxic effect on many cellular process and hence considered
as carcinogenic (Ratna & Mandrekar, 2017). It is also suggested that ethanol may act

as a solvent for carcinogens to enter the cells (Seitz & Stickel, 2007).

Areca nut is the fruit of Areca catechu and it is largely consumed in tropical
countries of the Asia Pacific, some part of Africa and South Asia including India
(Senevirathna et al., 2023). Betel quid is prepared by rolling sliced areca nut with
betel leaves (Piper betle) and slaked lime, with or without additional tobacco and
sometimes with spices. Areca nut contains polyphenols and alkaloids in addition to
fats, carbohydrates, proteins, crude fibres and mineral material. Arecoline, one of the
alkaloids found in areca nut is shown to down regulate p53 and also induce DNA
damage in human epithelial cells (Warnakulasuriya & Chen, 2022). International
Agency for Research on Cancer (IARC) had classified areca nut as group 1 human
carcinogen (IARC, 2004). In India, chewing paan has long been strongly associated
with high incidence of oral cancer, especially with sites that are in prolonged contact
with the quid (Jussawalla & Deshpande, 1971). In a study conducted in Thailand,
chewing paan, even without tobacco, has been found to increase oral cancer risk 7
fold and with tobacco, the risk increased further to 16 fold (Merchant & Pitiphat,
2015).

It has been suggested that a number of food components may be influencing
activation of one or more steps in carcinogenesis. This comes from the fact that since
genes can influence absorption, metabolism and transport of food bioactive
components, the bioactives can also alter the genetic expression of a host cellular
events (Taghavi & Yazdi, 2007). There have been several studies that found a
significant inverse association between incidence of cancer of the upper
aerodigestive tract including oral cavity and consumption of fruits and vegetables,
and significant direct association with consumption of milk and dairy products and
red meat (Bravi et al., 2013, Rodriguez-Molinero, et al., 2021) Fruits and vegetables,
particularly, those rich in vitamin A and D, such as carrots, fresh tomatoes, green

peppers, fresh fruits and green leaf appear to have protective factor (La Vecchia et

10
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al., 1997) and another study also reported a decrease in the risk of cancer associated
with consumption of yellow/orange vegetables (Sapkota, et al., 2008). Four
particular groups of fruits and vegetables — Leguminosae (eg beans), Solanaceae (eg
tomatoes), Rosaceae (eg peaches) and Umbelliferae (eg carrots) are also found to be
associated with decrease in the risk of head and neck cancer (Freedman, et al., 2008).
The numerous compounds such as fiber, flavanoids, carotenoid, plant sterols and
vitamin C, among others, found in fruits and vegetables have anti-oxidant, anti-
inflammatory and anti-cancerous proterties. They may help in reducing the risk of
cancer by the anti-oxidants decreasing reactive oxygen species (Rodriguez-Molinero,
etal., 2021).

Having lost teeth have been reported to increase the risk for oral cancer, even
after taking smoking and alcohol into consideration, with an increase in the number
of teeth lost further increasing the risk. Those who do not brusth their teeth daily also
have a higher risk as compared to those who brush at least once (Zhen et al., 1990).
Use of denture in itself does not seem to pose a risk (Talamini et al., 2000), however,
wearing a metal denture or an improperly fitting one also pose a risk, while another
study reported that the effect of dentition is not as strong as that of smoking and
alcohol (Marshall et al., 1992). Few cases of cancer in the tongue, first presented as
lesion that developed because of adjacent sharp tooth, had also been reported
(Aggarwal et al., 2022)

Mutations in oncogenes, tumor suppressor genes and genes that control
normal cell cycle can lead to induction of cancer (Chen et al., 2021). Genetic
instability is acquired in a particular cell, that is becoming a tumor cell, due to
defects in segregation of chromosomes, copy number alterations, loss of
heterozygosity, telomere stabilities, regulation of cell cycle checkpoints and DNA
damage repairs. Accumulation of genetic variations in proto-oncogenes and tumor
suppressor genes led to cancer including oral squamous cell carcinoma, through a
several step process (Ali et al., 2017). Several genes have been associated with
development of cancers. Mutation in tumor supressor gene TP53 has been found to
occur in almost every type of cancer, including oral squamous cell carcinoma, at

rates ranging from 10% to 100% (Rivlin et al., 2011). The ras protooncogene family

11
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plays fundamental role in cellular growth and differentiation, and overexpression of
this gene family has been demonstrated in squamous cell carcinoma of the head and
neck (Field, 1992). One study reported approximately 30% mutation in H- and K-ras
gene in oral squamous cell carcinoma patients while concluding that ras mutations
may not be the the major initiation event in oral cancer, because the mutation
frequency is less than 50% in all the studies they have found (Das et al., 2000).
Aberrant expression of genes such as c-myc, int-2, hst-1, PRAD-1 and bel are also
believed to contribute to oral cancer development (Jurel et al., 2014) while mutations
in CDKN2A, KMT2D and LRP1B are also commonly found in various cancer cell
lines (Chen et al., 2021).

With advanced progress in technology, it becomes relatively easier to obtain
DNA sequence from tumor, resulting in large amount of mutational data (Mardis,
2012). It seems improbable that the quantity and pattern of mutations in these
malignancies are the result of chance, and the genes that are mutated more frequently
than predicted by chance are concluded as driver mutations. Driver mutations confers
a selective growth advantage to the cell in which it occurs and are crucial for cell
survival and growth, while the mutations called passenger mutations do not have
effect on selective growth advantage of the cell and do not drive progression to
metastatic disease. (Adjiri, 2017).

The term "disease of the genome" was adopted to describe cancer because of
the somatic genomic changes specific to tumor cells and the inherited germline
genomic abnormalities that impart a higher susceptibility to cancer formation. This
idea that a single cell with disorganized chromosome resulting in uncontrolled cell
division was the origin of a cancerous tumor was first proposed by Theodor Boveri
in as early as 1902 (Mardis, 2012). With the advent of next-generation sequencing
(NGS), It became feasible to quickly sequence hundreds or thousands of genomes,
with an added advantage that it is possible to query even millions of targets at the
same time, without requiring very large amount of tissue to study multiple mutations
that may be present in a given tumor (Qin, 2019). Using NGS, hundreds of cancer
genomes are examined to map out the normal human genome and the landscape of

mutations present in cancer genomes encompassing a broad spectrum of cancer types
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(Guan et al, 2012). Whole-exome sequencing (WES) involves sequencing the exons
of all protein-coding genes, which constitute approximately 1% to 2% of the human
genome, encompassing around 25,000 genes. Studies had revealed that Whole
Genome Sequencing is still more powerful than WES in detecting exome variants
(Wang & Chen, 2020), however, the higher cost and the complexity of the test
including analyzing the very large amout of data generated prevent it from being a
routine use (Reda et al., 2020). Whole exome sequencing had been used to study the
molecular characteristics of OSCC in different populations including a group of
pathological stage IV (Fan et al, 2021) and multiple primary oral cancers (Li et al,
2022). In all of such studies, TP53 came out as the most commonly mutated gene.
Other commonly mutated genes include NOTCH1, CASP8, CDKN2A, FATIL,
HRAS and PIK3CA, along with few other genes. A considereable percentage of
tumors were found having at least one mutation in actionable genes and since many
targetable genes are found to co-occur in a tumor, it was proposed that a combination
therapy directed at those genes or pathways could be used to target a larger fraction
of tumors (Patel et al, 2021, Su et al, 2017). A panel of genes obtained from WES
analysis of tumors from OSCC patients were also reported to be used to predict
various prognostic factors including overall survival and disease specific survival
(Liao et al, 2021).

AKT1 is located in the long arm of chromosome 14 and has 14 exons, and
encodes the kinase B alpha (PKBa) of 480 amino acids (Khan & Ansari, 2017). It is
activated downstream of Phosphoinositide 3-kinase (P13K) and fully activated AKT
takes part in several cellular processes including apoptosis, protein sythesis,
transcription, metabolism, growth, proliferation, survival and angiogenesis
(Hemmings & Restuccia, 2012). PI3K is a heterodimer consisting of four classes
classlA, class IB, class Il and class Ill. Class | PI3K, which are involved in cancer
progression and development, are induced by various cell surface receptors including
tyrosine kinase receptor. Activated PI3K then catalyze the conversion of membrane-
bound phosphatidylinositol-(4,5)-bisphosphate (PIP2) to phosphatidylinositol-
(3,4,5)-trisphosphate (PIP3). PIP3 binds to proteins that have Pleckstrin Homology
Domain such as 3-Phosphoinositide-dependent kinase 1 (PDK1) and AKT which,
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after phosphorylation activation, initiates a cascade of downstream signalling events
and phosphorylates many other proteins including glycogen synthase kinase3
(GSK3) and the forkhead box family of transcription factors (FOXOs) (Liu et al.,
2009, Murugan et al., 2013, Ghafouri-Fard et al., 2022).

AKT activation begins when it is recruited by PIP3 by binding at pleckstrin
homology domain and translocated to the membrane. The resulting change in
conformation exposes two crucial amino acid residues for phosphorylation.
Phosphorylation at these two amino acids T308 and S473 is necessary for full
activation of AKT (Liu et al., 2009). Regulation of AKT signalling activation is
carried out by the transfer of phosphate group from PIP3 to AKT protein (Kumar et
al., 2013) and is negatively regulated by the activity of phophatase and tensin
homologue (PTEN) which converts PIP3 back to PIP2 and thereby blocking PI3K
signalling that recruits AKT to the membrane and activate it (Hopkins et al., 2014).
Several components of the PISBK/AKT pathway have been found to be mutated or
amplified in different types of cancer (Starzynska et al., 2021, Vivanco & Sawyers
2002). AKT recognizes and phosphorylates the concensus sequence RXRXX(S/T) of
the target proteins, with S/T representing the phosphorylated residue, and because
this sequence is present in many proteins, there are several AKT subtrates that have
been identified (Kumar et al., 2013). Though the non-redundant roles of these
isoforms have been studied and proven in various studies, they also have redundant
functions like negative regulations of proteins such as Bcl-2 family proteins, GSK3
isoforms and TSC2, GSK3 isoforms being responsible for cell survival and cellular
metabolism and TSC2, a known tumor suppressor (Degan & Gelman, 2021).

Mutations in the genes within the PIBK/AKT pathway is one of the most
significant among mutations that are associated with human cancers (Liu et al. 2009).
It had been reported that the three important molecules in this pathway that are
commonly mutated in head and neck cancer are Phophatidylinositol-4,5-
Bisphosphate 3-Kinase Catalytic Subunit Alpha (PIK3CA), protein kinase B (AKT)
and mamalian target of rapamcyin (mTOR). The prevalence of AKT mutation in the
study was 2% with the frequency higher in Asian population (2.7%). Missense

mutation was reported in 68% of the samples in their study and the most common
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mutation was in the hotspot p.(E17K) which results in an amino acid substiturion of
glutamic acid at position 17 by lysine (de Moura et al., 2021).

AKT1E17K mutation was first reported by (Carpten et al., 2007) when the
team evaluated the complete coding regions of AKT family members for mutations
in genomic DNA from tumor specimens of breast, colorectal and ovarian cancers. A
G>A point mutation at nucleotide 49 that results in a lysine substitution of glutamic
acid by lysine at amino acid 17 was identified. They found that this mutation is
mutually exclusive with respect to mutations in th PIK3CA and complete loss of
PTEN protein expression. Though the given mutation was found in only 5 of 61
breast, 3 of 51 colorectal and 1 of 50 ovarian cancers, because of the lack of
coincidence of these mutations, they concluded that the AKT1 mutation is sufficient
for pathological activation of the PI3K/AKT pathway. The E17K substitution was
also shown to result in an increased level of AKT phosphorylation on both T308 and
S473 as well as to facillitates membrane localization. The same mutation had since
been detected in lung (Bleeker et al, 2008), prostate cancer (Herberts et al., 2020),
gastric cancer (Ghatak et al., 2018), nasopharyngeal carcinoma (Jiang et al., 2014),
and various SNP’s in AKT1 were also reported to be asscociated with different

cancers including OSCC (Wang et al., 2015).

AKT1 and AKT2 were found to be intensely expressed in all OSCC tissue
examined with immunohistochemistry (lamaroon & Krisanaprakornkit, 2009).
Overamplification and overexpression of AKT2 have been reported in ovarian
carcinoma, primary pacreatic carcinoma, hepatocellular carcinoma and colorectal
carcinoma. At the time, amplification of AKT1 and AKT3 have not been reported as
frequent event in any type of carcinoma tumor (Altomare & Testa, 2005). However,
while performing immunohistochemistry, one study team found AKT1 protein
expressed in 59/63 primary OSCC with diffusely positive staining but not in normal
epithelum. They also found that knockdown of AKT1 using small interfering RNA
resulted in expression of tumor supressor gene such as CDKN2B, and at the same
time reducing the expression of TGFBR1, a protein that supports malignant
phenotype. The observed overexpression of AKT1 in OSCC suggested that it

functions as a critical oncogene (Nakashiro et al., 2015). It had also been reported
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that Aktl and Akt2 isoforms expression were higher at the advanced stages of oral
cancer and within the different subsites, expression of Aktl and Akt2 were increased
in the lip, gingiva, cheek and tongue (Roy et al., 2019). Kaplan meier survival
analysis appear to be the most frequent method used for survival analysis. Expression
level of AKT1 was shown to be significantly related to postoperative survival of
OSCC patients, those with higher expression showing a shorter overall survival time
(Sun et al, 2022). In a study reported by Lim et al.,, 2005, patients with high
phosphorylated AKT (p-Akt) expression had it worse in terms of survival as
compared to those with low p-Akt expression. In meningioma patients, AKT2
expression and recurrence-free survival were also shown to have significant
relationship (Wang et al., 2014). AKT1 seems to be the isoform most studied and no
research on the expression of AKT2 or AKT3 in relation to survival in patients with

OSCC was found in the literature at the time.

The Mizo are a group of people who belong to the Tibeto-Chinese division
(Lalthangliana, 2005), who inhabit Mizoram, located in the north-east region of
India. These people led a distinct and unique lifestyle as compared to the rest of the
country, and they practice endogamy (Joshi, 2005). All these difference could also
mean that the genetics and epigenetics background of the population may be
different and hence the epidemiology of a disease and the molecular background.
Though Mizoram has the highest incidence rate of cancer in India, not many studies
had been done in the population. A limited number of studies have been published on
breast cancer about its association to family history of cancer (Zodinpuii et al, 2022),
mitochondrial genes (Thapa et al, 2016) gene polymorphism confering susceptibility
(Kimi et al, 2016), mutation of selected genes (Zodinpuii et al, 2020) and on gastric
cancer, xenobiotic pathway gene polymorphisms associated with it (Ghatak et al,
2016) and somatic mutations present (Chakraborty et al, 2023). But up until now, no
research has been conducted in the mizo population about oral cancer. This study

intends to serve as a foundation for future population-based research on oral cancer.
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Aims and Objectives
The objectives of the study were:

e To determine and analyze the risk factors associated with incidence of
Oral Squamous Cell Carcinoma in Mizo population.
e To investigate mutations in AKT1 and other genes, as well as the

expression patterns of AKT1 in Oral Squamous Cell Carcinoma.
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Materials and Methods
Epidemiological Study

For epidemiological study, patients who were confirmed to have squamous
cell carcinoma of the head and neck at Civil Hospital Aizawl were included. Patients
with cancer of the folowing sites were included: Oral Cavity (ICD-10 codes C00.0 -
C06.2), Oropharynx (ICD codes C09.0 - C10.9), Hypopharynx (ICD codes C12 —
C13.9), Nasopharynx (ICD codes 11.0-11.9) and Larynx (ICD codes C32.0 - C32.2).
Sites other than oral cavity are included in this study because oral cancer had been
grouped together with other sites under head and neck cancer in the latest report of
National Cancer Registry Program. After obtaining well informed consent,
information about tobacco use either in the form of smoking (cigarette), dipping
(sahdah), chewing (gutkha, shikhar) or tuibur (tobacco smoke infused water), and
consumption of alcohol, kuhva (areca nut with betel leaf), smoked foods and family
history of cancer, is collected using questionnaire. A total of 100 cases and 200 age-

matched control data were collected.

Smoking was measured in pack years, with a little modification from the
National Cancer Institute, USA (20 sticks in a pack in US vs 10 sticks in India). It
was calculated with number of sticks smoked per day divided by 10, which is then
multiplied by the number of years the patient smoked. From pack years of all the
smoker patients, an average is calculated, and according to that patients were
categorized into three groups — non smokers, smokers with pack years below average
and smokers with pack years above average. In a similar way, level of alcohol
consumption was calculated by multiplying number of days the patient drinks in a
week with duration (years) the patient drank alcohol. Average was calculated and
patients were again categorized into non-drinkers, below average alcohol

consumption and above average consumption.

Information as to whether a patient had any known blood-related family
member with cancer at any site, was also recorded, and patients were grouped into
three classes - Family History of Cancers (FHC), First-Degree Family History of
Cancer (First-Degree FHC) and Second-Degree Family History of Cancer (Second-
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Degree FHC). First-Degree FHC includes parents and siblings while Second-Degree
FHC includes uncles/aunties, cousins and grandparents, Family History of Cancers

includes either First or Second-Degree Family History of Cancer.

The data was analysed with SPSS software (Statistical package for social
science) version 20.0. Descriptive analysis was done variables such as gender, age-
group, smoking (cigarette), alcohol, dipping (sahdah), tuibur, kuhva (areca nut),
smoked food and family history of cancer. Logistic Regression Analysis was carried
out to calculate the adjusted odds ratio with a 95% confidence interval (Cl) to
understand the risk association of the variables with HNSCC cases against the
controls. The regression model was adjusted for smoking (cigarette), alcohol, kuhva
(areca nut) and FHC.

Ethical Clearance was obtained from the Institutional Ethics Committee of
Civil Hospital Aizawl, Mizoram, India (No0.B.12,018/1/13-CHA/IEC/29).
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Mutation Study

Oral Squamous Cell Carcinoma tumors were obtained from Civil Hospital
Aizawl with well-informed consent from the patients. Patients had not undergone
chemotherapy or radiotherapy before surgery. A small tumor tissue after biopsy or
resection was immediately stored in RNAlater, kept at 4C overnight, and stored in
minus 20 (or minus 80, when available) until further process. Eleven tissue samples
from subsite tongue were used to isolate DNA for whole exome sequencing.
Genomic DNA was isolated using AllPrep DNA/RNA Mini Kit, Qiagen, according
to the instruction provided. Tumor tissue (not more than 30mg) was homogenised in
600ul of Buffer RLT Plus. The lysate was centrifuged at maximum speed for 3
minutes and the supernatant carefully transferred to an AllPrep DNA spin column
placed in a 2ml collection tube. The tube was centrifuged at 10,000rpm for 30
seconds. AllPrep DNA column was then transferred to a new 2ml collection tube and
500ul of Buffer AW1 was added. The tube was centrifuged at 10,000 rpm for 15 secs
to wash the spin column membrane. 500pl of Buffer AW2 was added to the column
and centrifuged at 14,000rpm for 2 mins to wash the spin column membrane. AllPrep
DNA Spin column was then placed in a new 1.5ml collection tube, 100 pl Buffer EB
was added directly to the membrane and incubated for 1min at room temperature.
The column was centrifuged at 10,000rpm to elute the DNA, which was used for
whole exome sequencing. All the eleven DNA samples were quantified using Qubit
DNA Assay BR (Invitrogen, Cat# Q32853). The integrity of the DNA sample was
checked using 0.8% Agarose gel Electrophoresis and the purity was quantified using

QIAxpert. 8 DNA samples with higher qualities were selected for the sequencing.

Whole Genome library preparation was done using SureSelectXT Reagent
Kit (Agilent, Cat# G9641B). 250ng of each DNA samples were fragmented (~250bp)
using Covaris LE220 Focussed-ultrasonicator. The fragmented DNA samples were
then end repaired, mono-adenylated and ligated with sequencing adapters to generate
paired end libraries. The samples were purified at each step using
Agencourt®AMPure®XP beads (Beckman Coulter, Cat# A63882). The adapter
ligated products were PCR enriched using the following thermal conditions: initial
denaturation 98°C for 2mins; 10 cycles of 98°C for 30sec, 65°C for 30sec, 72°C for
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1mins; final extension of 72°C for 10mins. Later, the PCR products were purified
using Agencourt® AMPure®XP beads (Beckman Coulter, Cat# A63882). The PCR
enriched libraries were checked for fragment size distribution on TapeStation using
D1000 DNA ScreenTapes (Agilent, Cat# 5067-5582) and quantified using Qubit
DNA Assay BR (Invitrogen, Cat# Q32853). SureSelectV5 + UTR Exome Capture:
Sureselect XT Human All Exon V5+UTRs Kit (Agilent, Cat# 5190-6215) was used
for SSV5+UTR Exome Capture. 750ng of Whole Genome libraries were hybrized
with SureSelectV5 + UTR probes at 65°C followed by capture with MyOne™
Streptavidin T1 Dynabeads™ (Invitrogen, Cat# 65602). The Exome captured
libraries were then indexed for multiplexing (Refer, Indexed Adapter Sequences) and
PCR enriched using the following thermal conditions: initial denaturation 98°C for
2mins; 12 cycles of 98°C for 30sec, 65°C for 30sec, 72°C for 1mins; final extension
of 72°C for 10mins. The SSV5+UTR region enriched libraries were purified using
Agencourt® AMPure®XP beads (Beckman Coulter, Cat# A63882) and checked for
fragment size distribution on TapeStation using D1000 DNA ScreenTapes (Agilent,
Cat# 5067-5582).

Table 1: List of Indexed Adapter Sequences

SL | SampleID Sample Name | Library ID Index Used Index
Sequence
(5’->3’)
1 478868 0C22 LIB207826 SS_Co03 ACCACTGT
2 478869 0C63 LIB207827 SS_D03 CTGGCATA
3 478870 0Co67 LIB207828 SS_EO03 ACCTCCAA
4 478871 0C74 LIB207829 SS_F03 GCGAGTAA
5 478872 0c81 LIB207830 SS_G03 ACTATGCA
6 478873 0C83 LIB207831 SS_HO03 CGGATTGC
7 478874 0C84 LIB207832 SS_A04 AACTCACC
8 478875 0C85 LIB207833 SS_B04 GCTAACGA
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Sequencing protocol:

Prepared libraries were quantified using Qubit HS Assay (Invitrogen, Cat#
Q32854). The obtained libraries were pooled and diluted to final optimal loading
concentration before cluster amplification on Illumina flow cell. Once the cluster
generation was completed, the cluster flow cell was loaded on Illumina HiSeq X

instrument to generate ~60M, 150bp Paired end reads.
Data quality check and alignment

The raw sequencing data of 8 OSCC tumors were processed using Fastp in
paired-end mode, with a PHRED score cut-off of 30 used to remove low quality
reads and adaptors, reads that were longer than 30base and had an error rate below
10% were retained. FastQC was used to assess the quality of raw reads and trimmed
reads. Trimmed reads were aligned to the human reference genome GRCh38 using
default parameters in BWA. Aligned reads were sorted and indexed with Samtools,
and duplicate marking was performed using Picard. Base quality score recalibration
was done using Genome Analysis Toolkit (GATK) with calibration files produced
from sets of known variants - doSNP version 146 and Mills and 1000G gold standard
indels, with default settings and Post-quality control.

Somatic variant calling

Somatic variants were called using Mutect2 Tumor-only mode against panel
of normals downloaded from 1000genome database provided by GATK. The output
bam file was processed with gatk GetPileupSummaries with a common germline
variant sites VCF, such as one derived form gnomAD resource, containing
population allele freuency of common and rare alleles, and a bed file delineating
exome intervals, to prevent calling germline variants. Following this, the Mutect-
filtered variants were subjected to annotation via ANNOVAR (ANNOtate
VARiants). Further filtration based on contamination estimates was performed using
GATK FilterMutectCalls, ensuring that only somatic variants meeting the filter

criteria proceeded for subsequent analysis. The filter field was labelled with PASS
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for calls that are likely true positives, after the application of 14 filters including

contamination at this step.
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Downstream analysis:

Various functions of the maftools package (Mayakonda et al, 2018) in Rstudio were

used to summarize, analyze, annotate and visualize WES data.

“annovarToMaf ” function was used to convert the annoted files (in tsv format) to

MAF, which can be used with other functions in the maftools.

“getSampleSummary” and “getGeneSummary” were used to get the summaries and
“plotmafSummary” was used visualize the summaries. “oncoplot” function was used

to visualize the different mutations in selected genes in different tumor samples.

“lollipopPlot” was used to show distribution of mutations on a particular gene based
on amino acid changes, represented along the linear sturcture of the corresponding

protein.

‘“‘somaticInteractions’” was used to detect the presence of set of genes that were co-
occurring or mutually exclusive. Fisher’s exact test was used to identify such

significant pairs of genes.
Oncogenic signalling pathway analysis

The Database for Annotation, Visualization, and Integreated Discovery
(DAVID) was used for pathway analysis (Huang et al, 2009). This web-based tool
provides a set of data-mining tools that systematically combine functionally
descriptive data with intuitive graphical display and it was used to visualize genes
that were found to be mutated in at leaset two of OSCC tumors on KEGG pathways.
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