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Abstract 

The diverse group of cancers that develop in the upper aero-digestive region is known 

as head and neck cancer (HNC). Squamous cell carcinomas make up more than 90% 

of HNCs. In Pakistan, it is the most common cancer in men and the second most 

common in women. The two risk factors for HNC that are most frequently recognized 

are tobacco use and the Human Papillomavirus (HPV). HPV causes for 85% while 

tobacco smoke accounts for 90% of HNC as it exposes multiple powerful 

carcinogens. PIK3CA and Akt over-expression is also a lead cause of HNC. Here we 

focus on role of PIK3CA-Akt Pathway in HNC. Mutations in P53 are also common, 

leading to HNC. We performed WES and further Bioinformatics analysis to find 

mutations in multiple genes of PIK3CA-Akt pathway. We further compared Tumor 

samples with Normal samples, this increased the credibility of research.  We find 

novel mutations in Akt in P53 in exonic region. PIK3CA mutations were confined to 

the intronic region of gene. These novel mutations will help in Planning the gene 

therapy and targeted drug discovery for this disease. 

Keywords: Head and Neck cancer (HNC), Whole Exome Sequencing (WES)  
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1. INTRODUCTION 

1.1 Cancer 

Cancer is named after the site or organ from where it originates. It can be benign or 

malignant. Statistically, every year millions of people die due to cancer all over the 

world with more than 10 million cases per annum (Rehm and Shield, 2021).  

Cancer is a group of disease conditions that can penetrate, take over, and harm 

normally healthy tissues throughout the body. It is defined by unchecked abnormal 

cell proliferation. Cells, organs, and increasingly their molecular properties are used 

to diagnose and characterizeforms of cancer. Cancer is caused by these underlying 

biological traits, specifically the genetic and epigenetic defects that develop during the 

course of these atypical cells' evolution.(Hedberg, 2015) It is known as a 

multifactorial disease whose onset is triggered by behavioral, environmental, genetic 

and mutational causes that destroy the genomic DNA (Kovach, 2008). Loss of cellular 

regulation encourages the ability of individual cells to divide, which subsequently 

overwhelms the regular systematic functioning and ultimately causes people to pass 

away(Ho et al., 2017). 

According to the most available data, which show a constant decline in total cancer 

mortality in the United States since 1998, the incidence rate of cancer in the general 

population declined by 0.5% between 2002 and 2011(Kohler et al., 2015). However, 

with 1,658,370 new cases and 589,430 deaths expected in the United States this year 

owing to cancer, the disease still represents a significant cause of morbidity and 

mortality in this country, with an estimated $125 billion in treatment 

costs(Collaborations, 2014) . 

1.2 Hallmarks of Cancer 

The characteristics of cancer help us better comprehend the complicated biology of 

the disease and get to the root of the problem. There are eleven characteristics that are 

crucial for the development of tumors, including the production of growth factors, 
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sensitivity to signals that stop growth, inflammation that promotes tumor growth, 

unrestricted proliferation, activation of angiogenesis, prevention of programmed cell 

death, evasion of the immune system, induction of invasion and metastasis, 

replication-immortality, mutations and instability in the genome, deregulation of 

cellular energy metabolism, and maintenance of proliferative activity(Stephenson et 

al., 2013) . 

1.3 Head and neck cancer 

One of the most prevalent malignancies, head and neck cancer (HNC) mostly 

develops in the mucosal epithelium of various head and neck areas and varies in 

location, etiology, and presentation (Bellairs et al., 2017). In 3000 BC, for the very 

first time Egyptians described it as a defect in the base of the skull that represents the 

cancer of nasopharynx (Ackerknecht, 1958). The oral cavity area, pharynx, larynx 

paranasal sinuses, nasal cavity, and salivary gland are among the areas of the head and 

neck region where cancer can form(Roberts and Buikstra, 2019).  Because of its 

contribution in the development of oral cavity cancer, HNC is frequently referred to 

as oral cancer (OC).  

Some sources claim that HNC is also known as oropharyngeal cancer (OPC), which is 

made up of the words "Oral" and "Pharynx"(Andreassen et al., 2022). Squamous cell 

carcinoma (SCC), which develops in the mouth cavity and laryngeal mucosal 

epithelium. Pharynx, mouth, nose, and sinuses are the most common site for 

malignancy and account for 90% of HNSCC(Tomita, 2022). While adenocarcinomas, 

adenoid cystic carcinomas, and odontogenic neoplasms, which develop from salivary 

glands, secretory glands, and canines, respectively, are the sources of non-squamous 

cell carcinoma(Mittal et al., 2021). The median age for its diagnosis is 50 to 70 

years(Raykar and Ganapathy, 2021). 
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Fig. 1.1: Anatomical sites of HNSCC development (Johnson et al., 2020). 

1.3.1 Classification of HNC 

HNC is divided into categories based on histology and provenance. Squamous cell 

carcinomas, which make up the majority of HNCs, can be divided into keratinized 

and nonkeratinized kinds based on their histological characteristics. SCCs that are 

HPV positive are "nonkeratinizing," but SCCs that are non-HPV positive and its 

association with the use of  tobacco and alcohol  are "keratinizing" in 

nature(Chernock et al., 2009). Different types of HNC based on site of origin are 

mentioned below:   

a) Oral cancer   

The prevalent  type of HNC is oral cancer, which mostly develops in the cheeks, lips, 

tongue, gums, hard soft palate, buccal mucosa, retromolar trigone, and upper and 

lower gingival tissues(Farah et al., 2019). Pakistan reported a 9.5 percent incidence 

and 9.1 percent death rate of cancers connected to the lips and mouth in 2020(Gunjal 

et al., 2020). According to studies, the lip is where about 12 percent of HNSCC first
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 appears, with the lower lip being the most common location (98 percent)(Rivera and 

pathology, 2015). 95 percent of oral cancer cases are Squamous Cell Carcinoma 

(SCC), and older age groups (50 to 70) have a higher prevalence of this type of 

cancer(Baiget al., 2015). During advanced stages of cancer, its most prevalent 

symptoms are dysarthria, difficulties swallowing, tongue issues, mouth sores, 

discolored lips, odd taste, difficulty breathing, and burning feelings(Mamidi and 

Gupta, 2020).   

b) Laryngeal cancer:   

Laryngeal carcinoma, which makes up 1 to 5% of all systemic malignancies, is the 

second most common kind of HNC(Alhazzazi and Alghamdi, 2016). The larynx, 

which is in the throat below the pharynx and is formed of cartilage, is present. It is a 

tiny tube that measures 2 inches wide and is made up of the glottis (which includes 

the vocal cord), supraglottic, and subglottic. It accounts for 30–40% of all HNC 

cases(Hoerter and Chandran, 2021). Pakistan reported 4370 laryngeal cancer cases 

and 2967 fatalities in 2020(Sung et al., 2021). 95–98% of these malignancies have 

SCC as their primary cause. Compared to the supraglottic and the subglottic, the 

glottis is three times more likely to acquire cancer(Strojan et al., 2019). Its common 

symptoms include a mass in the neck area, pain, soreness in the throat, difficulty 

swallowing, and strange voice alterations(Thomas and Wiles, 1999).  

C)Pharyngeal cancer 

The pharynx, a hollow tube that extends five inches from the back of the nose and 

connects to the esophagus, is where pharyngeal cancer first appears. It is the eighth 

most common cancer worldwide, occurring 5 times more frequently in males than in 

women(Ferlay et al., 2019). Nasopharyngeal, oropharyngeal, and hypopharyngeal 

cancers were predicted to cause 0.47 percent, 0.64 percent, and 1.2 percent of new 

cancer cases annually, respectively, and 0.59 percent, 0.52 percent, and 0.80 percent 

of new cancer-related deaths in Pakistan in 2020(Sung et al., 2021). Stuffiness, weight 
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loss, respiratory problems, and difficulty swallowing are typical indicators of 

pharynx-related malignancy(Francis et al., 2014).   

d) Paranasal sinuses and nasal cavity cancer  

These malignancies are extremely uncommon, and SCC accounts for between 70% 

and 80% of all instances(Hoppe et al., 2007). The bones of the skull that surround the 

nose contain tiny, air-filled spaces called paranasal sinuses. Sinuses come in four 

main varieties: maxillary, frontal, sphenoid, and ethmoid. The nasal cavity is the term 

for the hollow area inside the nose. In comparison to other types of sinuses and the 

nasal cavity, the maxillary sinus is the area where cancer tends to form most 

frequently(Rae et al., 2004).  

e) Salivary glands cancer  

It is a different form of HNC in which the tissues of the salivary glands' glands 

experience aberrant cell growth. They are made up of three main glands: the parotid 

gland, the sublingual gland, and the submandibular gland. These glands can be found 

on the floor of the mouth and close to the jawbone. It is an uncommon condition that 

accounts for 3-5% of all HNSCC cases (Kusampudi and Konduru, 2021). More than 

50% of tumors are benign, and 70% to 80% of them start in the parotid gland (Huq et 

al., 2013). The signs of it include lump growth and trouble swallowing (Ogle, 2020). 

1.3.2 TNM Staging of HNC 

Tumor, node, and metastasis (TNM) staging method is used to describe cancers in 

HNC and enables doctors to classify tumors in this region in a specific way to help 

with the assessment of disease condition, treatment, and prognosis. (Deschler et al., 

2008). Pierre Denoix published the first report on TNM staging system in the 

1940s(Dixcy, 2020). The International Union Against Cancer (UICC) first approved 

the TNM staging system in 1968, and it finally developed the system for 23 body 
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locations. (Patel and Shah, 2005). Stage I, II, III, and IV of T and N staging are 

separated into stages a, b, and c, respectively. (Deschler et al., 2008). 

T staging 

The size and placement of tumors at the main region in HNC constitute the basis for T 

staging. 

Tx: initial tumor that cannot be evaluated. 

T0: There is no sign of a main tumor. 

T1:Tumor size is about 2 cm. 

T2: less than 2 cm but not less than 4 cm tumor 

T3:4 cm thick tumor 

T4a, T4b and T4c: The size of the tumor and the invasion zone will determine this. 

The area of HNC affects T4 and its substages (i.e., oral cavity, larynx and pharynx). 

N staging 

The degree of local lymph node involvement determines the N staging of HNC. 

N0:Regional lymph nodes cannot be evaluated 

Nx:No local lymph nodes are affected. 

N1:A moveable homolateral lymph node that is about 3 cm in diameter is clearly 

involved in the area. 

N2a, N2b and N2c: It based on the size and quantity of the affected lymph nodes. 

These N phases are unique to each HNC location.
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N3: any lymph node smaller than 6 cm 

M staging   

M staging of HNC is dependent  on the presence or absence of distant metastasis  

MX: Metastasis is distant but cannot be assessed  

M0: Distant metastasis has not evident   

M1: Distant metastasis is evident  

The outcome of therapies is compared by TNM staging system which is the most 

efficient tool for reporting and comparing(Deschler and Day, 2008). The 

comprehensive and detailed staging system is an beneficial criterion for exact and 

more predictive prognosis of HNC (Patel and Shah, 2005). TNM Staging of HNC is 

given below:  

Table 1.1:TNM staging of HNC and nasopharynx (Adopted from(Patel and Shah, 

2005). 
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1.3.3 Risk Factors of HNSCC 

Numerous variables, including genetic and environmental ones, affect the etiology of 

HNSCC. Carcinogens like alcohol and tobacco exposure and HPV infection are the 

two main etiological causes. (Kumar et al., 2020). Important risk factors of HNSCC 

are discussed in detail in the below section: 

a) Behavioral risk factors 

1- Tobacco   

John Hill was the first person to recognize that tobacco use causes cancer in 1761 

(Davis and Approach, 2012). Smoking is one of the most significant risk factors for 

the development of HNSCC. South Asian inhabitants, notably those in India and 

Pakistan, used a variety of smokes, including snuff, cigars, and chewing tobacco 

(Jethwa et al., 2017). In Pakistan, men smoke cigarettes at a rate of around 22.2%, 

while women smoke cigarettes at a rate of 2.0% (Tung and Yaseen, 2020). Around 

the world, cigarette use accounts for 90% of cases of HNSCC (Näsman et al., 2020). 

Smokers are 3.5 times more likely than non-smokers to acquire OC and LC 

(Landrigan and Fuller, 2015) . Tobacco contains more than 50 different components, 

including N-nitrosamines, aldehydes, aromatic hydrocarbons, and their derivatives, 

which contribute to the growth of neoplastic buccal epithelium and the formation of 

HNSCC by interconnecting the DNA of mucosal cells with tobacco chemicals 

(Johnson et al., 2018).   

2-Alcohol  

The use of alcohol is crucial for HNSCC. According to estimates, alcohol use will 

directly cause 26.4% of mouth cancer occurrences in 2020 (Shieu et al., 2022). 

Acetaldehyde and poly aromatic hydrocarbons are both found in alcoholic substances. 

Acetaldehyde interacts with DNA via binding and affects DNA synthesis and repair 

by generating persistent DNA adducts that cause HNSCC (Hecht and Hatsukami, 
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2022). It functions as a solvent and enhances mucosal permeability to facilitate the 

entry of cancer-causing substances into the target tissues (Yoon et al., 2020). The 

average person in Europe consumes 15 liters of alcohol annually(Ritchie and Roser, 

2018). However, as most of the Pakistan's population is Muslim and alcohol is not 

allowed in society, alcohol is not the primary cause of HNSCC there. 

3-Areca nut/betel quid  

After alcohol usage and cigarette smoking, areca nuts are the substance that people 

use the most frequently (Franke et al., 2014). Southeast Asian oral cancer patients 

chew areca nuts regularly, demonstrating the nut's connection to the development of 

OSCC (Yang et al., 2020). It serves as a significant risk factor for the growth of 

HNSCC in females. (Wang et al., 2019). It also goes by the names betel, gutka, pan 

masala, and dohra, and it can be combined with tobacco or used alone (Asthana et al., 

2019). Individuals who use betel nut alone run a 1-4 times higher risk of getting 

HNSCC than those who regularly use tobacco and betel nut together, which runs an 

8–15 times higher risk (Celentano et al., 2021). All three of the main betel 

componentsareca nut, betel, and Paan-contain arecoline, which possesses nicotinic 

and muscarinic agonist characteristics and is carcinogenic and genotoxic (Oliveira et 

al., 2021).  

b) Infectious agents  

Due to the presence of oncoproteins E6 and E7, which deactivate crucial biological 

pathways, HPV is a DNA virus that can cause epithelial cells to become cancerous. It 

is a new risk factor for HNSCC, especially when oropharyngeal cancer is involved 

(Ni et al., 2019). Since 1885, when high risk type 16 of OSCC was identified, it has 

been linked to the development of HNSCC (Alsahafi et al., 2019). According to 

reports, HPV 16 is a very common variant of HPV in people with HNSCC in 

Pakistan, Bangladesh, and India (Bukhari et al., 2019). HPV16 infection is the cause 

of approximately 90% of HNSCC cases (Kobayashi et al., 2018). Epstein-Barr Virus 

(EBV) is also strongly associated with OSCCs and nasopharyngeal cancer, according 
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to recently published studies (Looi et al., 2021). Few crucial genes, including EBV-

encoded RNAs (EBERs), are translated during latent EBV infection into products that 

have carcinogenic characteristics and aid in the development of cancer (Zhang et al., 

2018). 

c) Genetic causes  

First-degree relatives are more likely to acquire HNSCC, especially laryngeal and 

hypopharyngeal cancers (Cramer et al., 2019). HNSCC is more likely to occur in 

people from various populations, such as the US and Switzerland, who have a family 

history of the same cancer (Hussein et al., 2017). Genomic instability is a major factor 

in the development of HNSCC and is caused by chromosomal abnormalities (Valenti 

et al., 2019). Tumor suppressor genes (TSG), such as KMT2D, CDKN2A, ARF, P53, 

TGFBR2, PIK3CA, NOTCH1, and NSD1, lose their function as a result of these 

anomalies, resulting in the formation and progression of HNSCC (Hasina et al., 

2018). By suppressing the expression of TSGs including RARB, DCC, CDKN2A, 

and MGMT, epigenetic modifications of DNA also play a significant role in the 

development of cancer (Johnson et al., 2020). The aberrant production of signaling 

proteins, which activates signaling pathways, is a significant hereditary contributor to 

HNSCC. According to reports, EGFR is overexpressed in between 80 and 90 percent 

of instances of HNSCC (Raj et al., 2022). Carcinogenesis is caused by alterations in 

one of the most frequent signaling pathways, PI3K-AKT-mTOR (Zhao et al., 2020).   

d) Diet and Environmental factors  

Additionally, significant risk factors for the development of HNSCC are diet and 

environmental elements including exposure to heavy metals and synthetic or natural 

chemical compounds. Oral cancer can be prevented by eating foods high in -carotene, 

vitamin E, and vitamin C, whereas a lack of zinc increases the risk of esophageal 

cancer (Crooker et al., 2018). People who work in a variety of industries, such as the 

wood, textile, chemical, and nickel industries, are more likely to develop HNSCC 

because they are regularly exposed to diverse chemicals, mutagens, and carcinogens 
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(Kusampudi and Konduru, 2021). Increased exposure to sunshine and UV radiation 

leads to the development of lip cancer (Surdu, 2014).   

1.4 Head and Neck squamous cell carcinomas (HNSCC) 

Epidemiology and Clinical Considerations: incidence and mortality 

One study assessed the incidence and fatality rates of oral cancer per 100,000 patients 

annually in various populations. (Miranda-Filho and Bray, 2020).  

Table 1.2:Incidence and Mortality Rate of HNC in Different Populations. 

(Noman et al., 2020) 

Populations  Incidence Rate  Mortality Rate  

 Male  Female  Male  Female  

Pakistan  16.3  8.1  10.9  6.4  

Afghanistan  14.6  4.6  7.3  4.0  

Bangladesh  12.4  6.5  7.4  5.0  

India  13.9  4.3  7.7  3.4  

More than 90% of head and neck cancers are head and neck squamous cell 

carcinomas (HNSCC), which are cancers of the upper aerodigestive tract 

epithelium(Leemans et al., 2018) It develops in the oral cavity (51%), pharynx (26%), 
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and larynx (23%), respectively(Machiels et al., 2020). More than 600,000 new cases 

of HNSCC are reported annually, making it the seventh most prevalent cancer overall. 

More than 50,000 of these instances are thought to occur in the United 

States(Jameson, 2019). According to US incidence data, the incidence rate of HNSCC 

has increased by 55% in men and 20% in women over the previous 10 years. Men are 

at least two times as likely as women to be diagnosed with HNSCC because of 

differences in behavioral risk factors.(Sabatini and Chiocca, 2020). The two most 

significant behavioral risk factors for the emergence of HNSCC are traditionally 

cigarette use and alcohol intake, and these risk factors work in concert to increase 

risk. Infection with oncogenic strains of the human papillomavirus (HPV), 

particularly HPV-16, is now recognized as a significant independent risk factor for 

oropharyngeal cancer, accounting for around 20% of all HNSCC and more than 60% 

of cases of oropharyngeal HNSCC. (Dhull et al., 2018, Tanaka and Alawi, 2018) 

According to a recent meta-analysis, prevalence in the general male population was 

found to be 28.5 percent in research completed after the year 2000 compared to 8.8 

percent in studies conducted before the year 2000.(Wang and Palefsky, 2015). In 

contrast to HPV(-) subtypes, this virally-associated subtype of HNSCC has been 

found to have a better prognosis in people who do not smoke. (Charap et al., 2020). 

Although largely a risk factor for nasopharyngeal cancer, the Epstein-Barr virus has 

also been linked to HNSCC. (Vatte et al., 2021). Some heritable disorders with 

defective genome maintenance, such Fanconi Anemia, are associated with 

significantly increased vulnerability to HNSCC. (Nalepa and Clapp, 2018). 

The tumor, node, metastasis (TNM) staging approach is used to categorize HNSCC, 

and it is highly prognostic of outcome together with HPV status and cigarette use 

(Economopoulou et al., 2019). Early-stage cancers are typically treated with surgery 

or radiation therapy and have a good prognosis (RT). However, the majority of 

individuals had cervical lymph node metastases and advanced stage cancers(Oplatek 

et al., 2010). More than 90% of these patients receive multimodal combination 

therapy with curative intent that combines surgery, radiation therapy, and 
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chemotherapy (CT)(Zhou et al., 2019). To date, the initial tumor's anatomic location 

has largely determined the treatment strategy; oral cavity cancers are surgically 

removed, and pharynx and larynx tumors are treated with chemoradiation therapy 

(CRT)(Leeman et al., 2020). Over the past three decades, the HNSCC all stage 

survival rates, which are 61% and 50% at 5 and 10 years, respectively, have virtually 

remained unchanged (Johnson et al., 2020). These therapeutic approaches are linked 

with significant toxicities and morbidities, including as discomfort, mucositis, 

immunosuppression, dysphagia, and dysphonia, which can lead to long-term 

dependence on tracheostomies, feeding tubes, and voice prostheses(GIVENS et al., 

2009). More than 25% of patients with HNSCC have recurrence(Koivunoro et al., 

2019). In HNSCC, recurrence is frequently resistant to current therapy and is typically 

regarded as incurable, highlighting the need for better therapy (Johnson et al., 2020). 

HNC Mortality and Incidence in Pakistan 

HNC is to blame for 13.99% of Pakistan's 120,000 fatalities and 14.71% of its 

180,000 new cases in 2020 (Sung et al., 2021). Lip and oral cavity cancer is Pakistan's 

second most prevalent cancer, trailing only breast cancer among women with an 

incidence rate of 6.2 percent when the incidence rates for both sexes and all age 

categories are combined. This increase is a result of SLT use in Pakistan (Anwar et 

al.,  2020; (Ferlay et al., 2021)). However, it has been reported that HNC is the third 

most common cancer in Punjab, Pakistan. Even though there isn't a good registry 

system in place, it is extremely difficult to find data on cancer in Pakistan. Even 

though it is the second most prevalent cancer in Pakistan, it is one of the top 10 

cancers throughout Asia (Varshitha and Research, 2015)). From 2010 to 2019, 22,858 

cancer cases were recorded in the Dow Cancer Registry (DCR). With 4400 cases, 

lip/oral cavity cancer is the most common kind ((Qureshi et al., 2021). Males are more 

likely to have HNC than females are, with a prevalence incidence of 21% versus 11%, 

respectively ((Nasir et al., 2020). The most cases have been documented in Karachi, 

and the sixth most populated place in the globe ((Aslam et al., 2021). In Baluchistan, 

oral cancer is third most common malignancy (Khan et al., 2017). 
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Figure 1.2:Pakistan's Provincial Oral Carcinoma Frequency (Javed et al., 2020).  

Oncogenic Development 

According to Slaughter field cancerization theory, which was first forth in 1953, 

HNSCC develops clonally because of the gradual acquisition of mutations from one 

or more precancerous fields of atypical mucosal epithelium into an invasive 

carcinoma (Figure 1). This idea provides a partial explanation for the high risk of 

local recurrence (up to 61%) and rate of metachronous second primary tumor 

formation (6–9% annually for life) in HNSC.((Suresh et al., 2017)) 

 

Figure 1.3: The Field Characterization Theory(Hedberg, 2015)
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Tobacco smoke exposure causes the aerodigestive mucosal tract to develop one or 

more mucosal regions made up of epithelial cells with cancer-related genetic or 

epigenetic changes. A monoclonal precursor field (light blue) lacks the invasive 

development and metastatic activity that characterize an invasive cancer (dark 

blue).By definition, a field is preneoplastic; it may or may not exhibit histological 

changes typical of dysplasia. Although most fields are clinically inconspicuous, a 

leukoplakia is the clinical manifestation of a field. A field must undergo additional 

genetic alterations before it may develop into a cancer.  

The original tumor and the field have similar genetic mutations and clonal origins. 

After the initial carcinoma has been surgically removed, a field may clinically be the 

cause of local recurrences, second field tumors, and second primary tumors. These 

legions are clinically characterized by their proximity to the index tumor and/or the 

time gap after which they appear. A local recurrence (bottom center) results from 

lingering tumor cells and develops within three years of the primary tumor and/or less 

than two centimeters away from it. A second primary tumor (bottom left) develops 

more than 2 cm from the first one and/or more than 3 years afterwards. Second field 

cancers are referred to as tumors that develop from a piece of the same field that 

initially gave rise to the primary tumor (lower right). A gradient of TP63 and 

NOTCH1 expression regulates part of the normal process of squamous differentiation 

in the mucosa (far right). The basal layer's keratinocytes express TP63, which 

preserves their capacity for proliferating and controls the expression of basal keratins. 

Alternative keratins are expressed together with final differentiation of cells in the 

spinous and granular layers because of NOTCH1 expression. This gradient is thought 

to have been altered by the presence of invasive HNSCC legions and precancerous 

areas. (Leemans et al., 2011). 

Molecular Pathogenesis 

It is thought that the accumulation of genetic changes is what causes the well-

documented histological course of HNSCC from leukoplakia through increasing 

phases of hyperplasia, dysplasia, carcinoma in situ, and eventually invasive 
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carcinoma.(Johnson et al., 2020). One of the first initiating events in HNSCC is the 

clonal proliferation of precancerous cells with deactivated Tumor Protein 53. (TP53) 

(Prime et al., 2021).  

Cancerous cellular phenotypes in HNSCC are a result of genetic and epigenetic 

changes. Our current understanding of a cancerous cellular phenotype is conceptually 

defined by six key characteristics: maintaining proliferative signaling, avoiding 

growth inhibitors, enabling replicative immortality, resisting cell death, enabling cell 

death, inducing angiogenesis, and activating invasion and metastasis(Hanahan, 2022). 

Apoptosis and Survival: Cell cycle alterations 

Among the several mechanisms supporting increased cancer cell survival in HNSCC 

include cell cycle modifications, decreased immunogenicity, angiogenesis 

stimulation, and apoptosis suppression. These malignant characteristics are produced 

by genetic and epigenetic changes along many paths. The receptor tyrosine kinase 

(RTK)-based signaling pathways are crucial in HNSCC. The class 1a 

phosphatidylinositol-3 kinases (PI3K) are heterodimeric kinases that are activated 

downstream of RTKs, such as EGFR, either directly or through adaptor 

molecules.The lipid second-messenger phosphatidylinositol (3,4,5)-trisphosphate is 

produced by activated PI3K. (PIP3). which works to activate protein kinase B 

together with phosphoinositide-dependent kinase-1 (PDPK1) and the MTORC2 

complex (AKT). AKT is a serine/threonine kinase that, upon activation, 

phosphorylates numerous downstream transcription factors, apoptotic proteins, cell 

cycle inhibitors, and other proteins. This activity regulation encourages cell survival 

and proliferation. The tumor suppressor phosphate and tensing homolog (PTEN), 

which dephosphorylates PIP3 and inactivates AKT, prevents the development of this 

pathway. RTK activation can constitutively activate PI3K signaling if PTEN function 

is impaired(Nenclares and Harrington, 2020).
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Figure 1.4: PI3K Signaling Pathway(Hedberg, 2015) 

Phosphorylation of phosphatidylinositol (4,5)-bisphosphate (PIP2) to PIP3 by PI3K, a 

receptor tyrosine kinase, is triggered by a variety of ligand-bound surface receptors. 

PTEN is the catalyst for the opposite reaction. PIP3 interacts with the pleckstrin 

homology (PH) domains of the proteins it recruits, causing them to move to the 

plasma membrane. The serine/threonine kinase PDPK1 and the main signaling 

molecule downstream of PIP3, AKT, are two of the proteins recruited by this 

pathway. AKT is first phosphorylated by PDPK1 and then subsequently 

phosphorylated by the mTORC2 complex to achieve full activation. Over 100 

potential targets were identified in the literature, demonstrating that fully active AKT 

phosphorylates a wide variety of substrates.The target proteins phosphorylated by 

AKT are either activated or inhibited in a manner that contributes to a series of 

cancer-associated phenotypes like enhanced growth, enhanced protein synthesis, 

enhanced proliferation, and enhanced survival through a variety of mechanisms when 
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signaling through AKT is hyperactivated, via oncogenic mutations in PIK3CA or 

deletion of PTEN. Increased levels of phosphorylated AKT are present in HNSCC 

tumors with PIK3CA mutations, indicating that these mutations can indeed cause 

patients with HNSCC to have an overactive signaling system(Neubig et al., 2019). 

About 30% of tongue tumors have no detectable PTEN expression, while up to 40% 

of HNSCC have loss of heterozygosity at the PTEN locus. Inactivating PTEN 

mutations have been described in 3–10% of HNSCC(Hedberg, 2015). In addition, 

current research indicates that the deletion of even a single PTEN allele can promote 

carcinogenesis (Lee et al., 2018). Three distinct "hot-spot" activating mutations in 

PI3KCA, which codes for the catalytic subunit of the primary PI3K isoform, have 

been discovered (Zhao and Vogt, 2010). Notably, the prevalence of PI3KCA 

mutations and amplification is higher in HPV(+)HNSCC, pointing to a potential link 

between the PI3K pathway and the HPV E6/E7 proteins that has been reported to 

have a role in the development of invasive SCC in cervical cancer (Leemans et al., 

2018). 

1.5 PIK3CA gene: 

(Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha) 

Normal Function: 

The PIK3CA gene codes to produce the p110 alpha (p110) protein, a component 

(subunit) of the phosphatidylinositol 3-kinase enzyme (PI3K). The catalytic subunit of 

PI3K is the p110 protein, which is produced by a distinct gene from the other 

component, which controls the activity of the enzyme(Leontiadou et al., 2018). 

Like other kinases, PI3K phosphorylates other proteins, which is the addition of a 

group of oxygen and phosphorus atoms known as a phosphate group. Certain 

signaling molecules are phosphorylated by PI3K, which sets off a chain of subsequent 

processes that transfer chemical signals inside of cells. Numerous cellular processes, 
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such as cell growth and division (proliferation), cell migration, creation of new 

proteins, material transport inside cells, and cell survival depend on PI3K signaling 

(Almuntafeky, 2018). According to studies, PI3K signaling may control a number of 

hormones and contribute to the maturation of fat cells (adipocytes)(Dupont et al., 

2013). 

Genomic location: 

Chromosome 3 contains the PIK3CA gene.(Miyake et al., 2008). 

Structure of PIK3CA: 

 

Figure 1.5:PIK3CA structure. (Goldsmith et al., 2006) 

Schematic diagram of PIK3CA protein illustrating functional domains and mutations 

(grouped by domain) reported to date. Codons with frequent missense mutations 

reported ('hotspots') are denoted by asterisks. Location of experimentally found 

mutations in this study are denoted in boldface. p85, PI3K p85 regulatory subunit 

binding domain; RBD, Ras binding domain; C2, calcium-dependent phospholipid-

binding domain; Helical, PI3K helical domain; Kinase, PI3/4-kinase domain(Dam et 

al., 2006). 

1.6 Akt gene: 

One of the three protein kinaseB (PKB)α,β, and γ  members of the human AKT 

serine-threonine protein family is encoded by this gene. An N-terminal pleckstrin 

homology domain, a serine/threonine-specific kinase domain, and a C-terminal 
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regulatory domain are shared by all these AKT proteins, which are quite 

similar.Phosphoinositide 3-kinase catalyzes the phosphorylation of these proteins 

(PI3K). G-protein coupled receptors, integrin-linked kinase and receptor tyrosine 

kinase are just a few examples of the membrane-bound ligands that can bind to 

AKT/PI3K, which is a crucial part of many signaling cascades.Therefore, these AKT 

proteins control a wide range of biological processes in both healthy and malignant 

cells, such as cell division, survival, metabolism, and angiogenesis. After 

phosphatidylinositol 4,5-bisphosphate (PIP2) is phosphorylated by PI3K, 

phosphatidylinositol 3,4,5-trisphosphate (PIP3) recruits AKT proteins to the cell 

membrane. Complete activation of the AKT1 produced by this gene needs subsequent 

phosphorylation ofserine residue 473 and threonine residue 308.For instance, in 

response to insulin growth factor-1 and epidermal growth factor, other residues are 

also phosphorylated. By dephosphorylating AKT or PIP3, protein phosphatases 

function as antagonistic regulators of AKT proteins. 

Tumor cells must have the PI3K/AKT signaling pathway to survive. Survival factors 

can prevent apoptosis without relying on transcription by activating AKT1, which 

phosphorylates and deactivates components of the apoptotic machinery. AKT proteins 

participate in the mTOR signalingcascades, that regulate the assembly of the 

eukaryotic translation initiation factor 4F (eIF4E) complex and is dysregulated in 

many malignancies, moreover its responses to signals from growth factors and 

cytokines that are sent from the outside. Mutations in this gene have been associated 

with breast, colorectal, and ovarian cancers, Proteus syndrome, Cowden syndrome 6, 

and aberrant tissue growth. Numerous alternatively spliced transcript variants for this 

gene have been found(Miralem et al., 2016).
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Structure of the gene: 

 

Figure1.6: The three human Akt/PKB family isoforms' structures. 

   (Fatrai et al., 2006) 

The 3 human Akt/PKB family isoforms' structures. Each isoform has a core catalytic 

domain (Yellow), a regulatory C-terminal region, and a pleckstrin homology domain 

(PH) in the N-terminal region (Red) (green). For each isoform, the locations of the 

activating phosphorylation sites  are shown (Elghazi et al., 2006). 

PIK3CA and PI3K pathway 

A class of lipid kinases known as phosphoinositide kinases (PIKs) function as signal 

transducers in a variety of signaling pathways. By phosphorylating phosphoinositide’s' 

inositol rings, they control signaling (Alqahtani et al., 2019). The p110 protein, the 

catalytic subunit of PI3K, is encoded by the phosphatidylinositol-4,5-bisphosphate 3-

kinase catalytic subunit alpha (PIK3CA) gene(Katan and Cockcroft, 2020) . 

One of the oncogenes with the highest frequency of mutations in HNSCC and other 

solid tumors is PIK3CA, a crucial gene in the PI3K signaling pathway. The PI3K 

signaling axis has a direct impact on the growth, survival, motility, and metabolism of 

cancer cells(Akbari Dilmaghani et al., 2021) .
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The frequency of PI3KCA mutations in HNSCCs ranges from 6 to 21%, with most of 

these changes occurring in the helical/kinase domains. Nine percent of HNSCC 

tumors also had PIK3CA copy number increases in addition to PIK3CA 

mutations(Sun and Califano, 2014). The PI3K signaling pathway was found to be the 

mostabundantly mutated oncogenic pathway (30.5 percent, 46/151), while only 9.3 

percent and 8.0 percent of HNSCC tumors contained mutations in the JAK/STAT or 

the MAPK pathways, respectively. These findings were made  to evaluate the events 

of mutations of genes comprising the three major mitogenic pathways that have 

previously been implicated in the pathophysiology of HNSCC(Iqubal et al., 2021). 

The PI3K pathway genes PIK3C2A,PIK3AP1, PIK3R1, PIK3C2B, PIK3CB, 

PIK3CD, PIK3R5,PIK3CG, PIK3IP1, PIK3R2, PIK3R3, PIK3R4, PIK3R6, AKT1, 

AKT2, AKT3, AKT4, AKT5, AKT6, and PIK3 The rate of cancer gene mutations 

was greater in HNSCC tumors with PI3K pathway alterations, according to Lui et al. 

Particularly noteworthy is the progression of all tumors with several PI3K pathway 

genes simultaneously mutated (Stage IV)(Sun and Califano, 2014). 

PIK3CA mutations in HPV-positive cells were linked to activation of the mTOR 

signaling pathway but not the AKT signaling pathway, and mutant PIK3CA tumors 

had a distinct protein expression profile within HPV-positive oropharyngeal SCCs, 

according to Sewall's study on the significance of PIK3CA mutations in HPV-

associated oropharyngeal SCCs(Leemans et al., 2018).     

1.7 Aims and objectives: 

Specific Aim 1: Find out which PIK3CA genetic variations in HNSCC are responsible 

for the malignant phenotypes. 

Specific Aim 2: To find novel mutations responsible for HNSCC in Pakistani 

population. 
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2. MATERIAL AND METHODS 

Through whole exome sequencing, the current study sought to ascertain the 

relationship between PIK3CA and Akt mutations and HNC susceptibility in the 

population of  Pakistan. The study was carried out at the Cancer Genetics Lab of the 

Quaid-i-Azam University in Islamabad, Pakistan's Department of Biochemistry and 

Molecular Biology. 

2.1Study Subject and Ethical Approval 

The Institutional Review Board (IRB) of Quaid-i-Azam University in Islamabad, 

Pakistan, approved the research proposal to carry out the current experiment. To 

obtain patients' consent, a permission form required to meet all the criteria set forth by 

the study and the ethical committee. The consent form was filled out by each patient, 

and it was then saved as a record. Three HNC patients' fresh tissues (tumor and 

control) made up the study's subjects. From October 2021 to April 2022, tissue and 

blood samples were taken from PIMS Islamabad, DHQ Hospital Rawalpindi, and 

Mayo Hospital Lahore. 

2.2 Sampling: 

During the patient's surgery or biopsy, we collected fresh tissue samples of the tumor 

and the control. To freeze the samples quickly and prevent DNA and protein 

degradation, we collected the samples in cryotubes and placed them in liquid nitrogen 

flasks. And we carefully kept these samples at -80 in the lab. 

2.3 Genomic DNA Extraction from tissue: 

Tissue samples were manually processed for DNA extraction using a modified 

version of the procedure described in (Pikor et al., 2011). About 20–40 g of tissue was 

obtained for extraction, and the subsequent procedures were carried out in an 

Eppendorf tube. 
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Table 2.1:List of Reagents and Their Chemical Composition 

Sr. No  Solutions  Chemical Composition  

     1. 70% Ethanol  Absolute Ethanol (70mL) 

Distilled water (30mL) 

2. Tail buffer  100mM EDTA (2.92g, pH8.0) 

10mM Tris HCl (0.12g, pH 8.0) 

50mM NaCl (0.29g) 

0.5 %SDS (0.5g) 

Distilled water (100ml) 

     3. Proteinase K  Proteinase K (0.1g) 

  10mM Tris HCl (50µl) 

  20mM CaCl2 (2000µl) 

  Glycerol (5ml) 

  Nuclease free water (5ml) 

     4. 
Phenol: Chloroform: 

Isoamyl alcohol  
 25:24:1 

     5. Sodium Acetate (pH 5.0)   3M Sodium acetate (12.31g) 

   Distilled water (50ml) 

     6. Isopropanol   2- Propanol (Merck, Germany) 

     7. 

Tris EDTA buffer (pH 

8.0)   1mM EDTA (0.029g) 

   10mM Tri’s hydroxyl (methylamino) methane 

 (0.12g) 
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Procedure for Genomic DNA Extraction from tissue: 

Addition of Lysis Buffer 

Each sample tube was filled with 20 μL of proteinase K and 250–500 μL of lysis 

buffer. After that, samples were kept in an incubator with shaking at 55 °C for an 

overnight proteinase K digestion period. The 10 μL of proteinase K was applied once 

more to the samples that had not been entirely digested, and they were then left in the 

shaking incubator for 5–6 hours. 

DNA Clean Up (Phenol: Chloroform: Isoamyl alcohol Treatment)  

Following digestion, the ratio of phenol to chloroform is 25:24:1. Each sample tube 

received an identical volume of isoamyl alcohol before being inverted for five 

minutes. Next, 14000 rpm centrifugation was carried out for 5 minutes. The top layer, 

which was aqueous and contained DNA, was separated from the bottom layer, which 

was organic and contained proteins and other cellular waste, by a transparent 

interphase. A micropipette was used to carefully remove the aqueous layer, transfer it 

to a fresh Eppendorf tube, and discard the organic layer. After that, a cooler was filled 

with all the samples. 

DNA Precipitation 

Each sample tube received 1 volume (Vol.) of 100% isopropanol and 1/10 vol. of 

sodium acetate (3M, pH 5.2), which were added after estimating the volume of the 

sample and gently inverted for 1-2 min. to precipitate the DNA. After that, samples 

were kept overnight at -20°C in the refrigerator. Centrifugation was carried out the 

following morning at 4 °C for 10 min. at 14000 rpm. Each tube's bottom revealed a 

DNA pellet. The pellet was left behind after the supernatant was properly removed. 
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DNA Washing  

The particle was washed in 500 l of 70 percent ethanol and centrifuged at 4 °C for 10 

min. at 14000 rpm. It was eliminated the supernatant. 2-3 times were spent repeating 

this step. The pellet was then dried in the air for 1-2 hours. 

DNA Storage   

Re-suspended in 100-150 l of Tris-EDTA (TE) buffer was the DNA pellet. The tubes 

were filled with TE buffer, shaken for about two hours at 37°C, and then DNA was 

kept at -20°C. These recently extracted DNA samples were subsequently use in PCR 

and gel electrophoresis.  

2.4 DNA Quantification    

Quantitative analysis of DNA was performed using Thermo scientific Multi Skan Go 

Instrument. Concentration of DNA was measured in ng/ul unit while ratio of 260/280 

ratio represented the quality of DNA sample (Wayeet al., 1989).  

2.5 Qualitative Analysis of Genomic DNA 

By passing the sample across a 1 percent agarose gel, the isolated genomic DNA was 

qualitatively analyzed. 

Table 2.2: Chemical Composition of Solutions Used in Agarose Gel Electrophoresis 

Sr. No.  Chemicals  Composition  

1. Agarose gel  1% :1g agarose gel, 1X TBE buffer (100 ml)  

 

2. 10X TBE  i. Tris Base (0.89 M, 54g)   
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  ii. Boric Acid (0.025M, 27g)   

  iii. EDTA (3.65g, pH 8.3)  

  iv. Distilled water (500ml)  

3. 1X TBE  i. 10X TBE (10ml)   

  ii. Distilled water (90ml)  

4. Ethidium 

Bromide  

i. EtBr dissolved (400mg)  

2.5mM ethidium bromide (Sigma-Aldrich, 

St Loui MO, USA).  

  ii. Distilled water (20ml)  

5. Bromophenol blue  i. Bromophenol blue (0.25%)  

  ii. Sucrose (40%)  

  iii. Distilled water (100 ml)  

Procedure 

The procedure is as follow:  

1. 1 percent agarose gel was made for the examination of the DNA that had been 

extracted. 

2. A weighing balance was used to weigh 1 g of agarose. 10ml of 10X TBE 

buffer and 90ml of distilled water were combined to create 100ml of 1X TBE. 

3.  To properly dissolve the agarose, 1 g of it was added to the buffer and heated 

for 2 minutes at a high temperature in a microwave. 

4. Agarose solution was mixed completely before 8 µl of ethidium bromide 

(EtBr) was added for DNA tracking.  
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5. The gel casting tray was now filled with the melted agarose solution, and it 

was left there to cool and solidify for 20–25 minutes. The combs were 

inserted in the designated locations to form wells. 

6. After the gel had set, 1700 ml of 1X TBE was poured to the electrophoretic 

tank, and the gel was then transferred there after the combs had been taken 

out. Bromophenol blue and the genomic DNA sample were combined in an 

equal volume (3 l each), and then loaded into wells. At 110 volts, agarose gel 

electrophoresis was carried out for around 60 minutes. 

7. The gel documentation system (Cleaver scientific Ltd.) used a UV trans-

illuminator to visualize the gel. 

Sr. No. Variables 

1. Age 41-70 years 

2. Gender Male Female 

3. Anatomic sites Oral cavity 

4. Tobacco Smoking Smokers, Non-smokers 

5. Clinical Stages II, III, IV 
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Table 2.3:Demographic Details of the Head & Neck Cancer Patients  

2.Whole Exome Sequencing 

After DNA extraction and quantification, genomic DNA was subjected to whole 

exome sequencing (WES), a widely used method to explore variations that potentially 

causes different genetic disorders and other disease including cancer. In contrast to 

whole genome sequencing, WES is more economical as only exome sequences that 

codes for proteins are targeted. Furthermore, it offers several benefits in biological 

research studies as it provides high-quality and precise data set that ensure convenient 

and faster analysis of data sets.  

Complete workflow 

Fastq formatted sequence data were used. The GATK variant calling pipeline was 

used to perform variant detection and annotation on the data. Below is a description of 

the data analysis process:

6. Ethnicity Punjabi (2) 

Kashmiri (1) 
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Figure 2.1:Schematic Illustration of WES data analysis  

Raw data import 

FASTQ files containing raw data were imported into the Linux environment for 

additional processing.    

Quality checking    

The FastQC tool was used to do quality assurance. The output file was an html report  

providing data on several quality control factors, while the input files were in fastq 

format(Köchl et al., 2005).

Raw data import 

Quality check of 
the raw reads 
(FASTQC) 

Adaptors removal 
(FASTP)  

Mapping to the 
Reference 

genome (BWA) 

Duplicates 
marking 

Mark Duplicates 
(GATK) 

Variant Calling                     
MuTect (GATK) 

Annotation of 
variants 

(ANNOVAR) 



DRSML Q
AU

Chapter 2 Material and Methods 

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      31 

Adapters’ removal 

Sequences contained the content of the adapters. FASTP was used to delete adapters 

from the sequence files as a result(Köchl et al., 2005). 

Mapping to the reference genome 

Mapping to the indexed reference genome was done using the BWA method. The 

reference genome was in Fasta format. Fasta files from the sequenced samples were 

used as input. The result was a set of output files in aligned BAM format(Sambrook 

and Russell, 2006). 

 The genome that was utilized as a reference is depicted in the following table. 

Table 2.5: Reference genomes of organisms used for alignment 

Species   Reference Genome  

Human  
 

Hg38  

Homo_sapiens.GRCh38.dna.primary_assembly. fa 

(https://www.ncbi.nlm.nih.gov/assembly/GCF_000001405.39/)  

Duplicates marking 

The aligned BAM files were fed into the MarkDuplicates (Picard) tool to identify 

duplicates. The primary output of the tool was a new BAM, where duplicates were 

noted in the SAM flags field for each read. 

Variant calling by MuTect2 

We have been using MuTect2 software for the variant calling. The highest validation 

rate (90%) for mutation detection is shown by this. Following read matching to a 
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reference genome and customary preparation processes, data in tumor with matched 

normal mode was supplied to MuTect2(Cibulskis et al., 2013). 

Using the normal samples, a Panel of Normals(PoN) was also produced. In somatic 

variant analysis, a Panel of Normal, or PON, is a particular kind of resource. The 

PON will be created differently depending on the kind of version you're looking for. 

All PONs share the characteristic that (Andrews, 2010) they are produced from 

typical samples (in this context, "normal" means derived from healthy tissue that is 

believed to not have any somatic alterations)(Chen et al., 2018)and  they serve to 

improve the outcomes of the variant calling analysis by capturing recurring technical 

artefacts (Benjamin et al., 2019).  

Each tumor sample's vcf file was the variant calling process's final output. 

Annotation of variants 

The ANNOVAR tool was used to annotate the variants. Predicted variants in a VCF 

file served as the inputs. A quick and effective method for annotating the functional 

effects of genetic variation in high-throughput sequencing data is ANNOVAR. It 

produces three output files, one of which is a vcf file with ANNOVAR annotations in 

the INFO field. Avinput file with additional columns that serve as comments on the 

variants; and one additional output file in txt format that will be in tab-delimited text 

format for easy manual review in Excel or other programmes). 

2.7 In-silico Analysis 

UALCAN provided gene expression profiles from the TCGA-Head and neck 

squamous cell cancer datasets. (Arumugam Paramasivam and Priyadharsini, 2021). 

Using the Cancer Genome Interpreter software, single nucleotide variants were 

further examined, and a list of experimentally verified oncogenic mutations was 

obtained. The "Mutual Exclusivity" module of the cBioPortal platform was used to 

find mutually exclusive single nucleotide variations. Using background datasets 

from "Oral Squamous Cell Carcinoma (MD Anderson, Cancer Discov 2013)," "Head 
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and Neck Squamous Cell Carcinoma (TCGA, Firehose Legacy)," "Head and Neck 

Squamous Cell Carcinoma (John Hopkins, Science 2011)," and "Broad, Science 

2011’’, frequently mutated genes were queried for mutual exclusivity. The 

background data sets' mutually exclusive mutant gene pairs with p-values less than 

0.001 were regarded as statistically significant.(Patel et al., 2021). 

ExAC-ALL was used to compare variants in other populations.  By using avsnp150 

ids were assigned to SNP variants with complete research. Polyphentool was used to 

check pathogenic nature of variants. We used CLINSIG (Clinical significance Data 

base) during annotation to check possible pathogenic roles of our variants in other 

diseases. Mutpred was used to check amino acid substitutions in our variants.
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3. RESULTS 

3.1 Qualitative analysis of genomic DNA: 

Quality of the DNA extracted from patient and control samples was analyzed by 

Agarose gel electrophoresis using 1KB ladder for comparison. DNA was found to be 

intact and of good quality. 

 
Fig 3.1:Gel electrophoresis imageof DNA samples along with positive control 

and 1 KB ladder.    

3.2 DNA Quantification 

ThermoScientific’s Multi Skan Go instrument was used to measure the amount of 

DNA. While concentration is displayed in ng/ul, the 260/280 ratio demonstrated 

quality:     
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Table 3.1: Quality and Concertation of extracted DNA 

Sr. No Nucleic Acid 260/280 Nucleic Acid Conc. in 

(ng/ul) 

1 1.88 790 

2 1.82 800 

3 1.81 620 

4 1.85 673 

5 1.86 780 

6 1.81 709 

3.3Quality check implementation 

The fast tool was used to delete adapters from the sequence files.
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Figure 3.2:Basic statistics of Raw Reads using FASTQ 

 

Figure 3.3: Quality score graph of FastQ Tool 

 

Figure 3.4: Adapter Content of variant sequence    
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3.4 Variants’ detection 

Every sample had variations, according to Mutect2 (GATK). The following table 

displays the number of variants found in each sample: 

Table 3.2: No. of variants identified in each sample 

Species Samples iD  Number of variants 

 

Homo sapiens 

S1ACHN  

 

Head and neck 

396824 

S2ACHN 567210 

S10ACHN 319818 

3.5Analysis of Annotated variants 

The variant calling file generated through ANNOVAR tool for study samples (n=3) 

matched with controlled sample (n=3) has presented a novel mutationin exonic region 

of Akt gene in S1ACHN and S2ACHN.Furthermore, three novel mutations of TP53 

in S1ACHN in exonic region have been presented in vcf file. One mutation is at 2607 

position, at chromosome7, starts and ends at 87325351, A changes into C and its 

Cytoband is 7q21.12. The second mutation is also at 2607 position and chromosome7, 

but it starts and ends at 87325358, here G changes into T and its Cytoband is 7q2.12. 

The third mutation of TP53 is at 5488positions, at chromosome15, starts and ends at 

43469969; it is a synonymous SNV, addition mutation where G is added, and Amino 

acid change is mentioned as TP53BP1: NM_001141979: exon11.Its cytoband is 

15q15.3. 
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In S2ACHN we found Novel mutation of TP53, but we could not find any details of 

this mutation. In S10ACHN we found a novel mutation of TP53 in exonic region at 

6600 positions, at chromosome20. This mutation starts at 45375516 and ends at 

45375518 positions. It is a deletion mutation where ATT is deleted in this region. Its 

cytoband is 20q13.12.We could not discover any mutations of PIK3CA in exonic 

region in any of three samples. However, multiple mutations were present in intronic 

region of both PIK3CA and Akt gene. Mostly overexpression of gene products of this 

pathway leads to HNC. 

3.5.1 Role of SNVs on amino acid sequence 

Since the in-silico tools performs the variant analysis using separate databases, the 

findings of Polyphen2 have not provided information regarding amino acid 

substitutions. The "no result" verifies that there are no records of the discovered 

variation in literature or databases, indicating that the variant is novel. 

3.5.2Database analysis 

By using several datasets such as CLINSIGno information regarding variations has 

been discovered, demonstrating the uniqueness of variants. could not give any 

information on the harmful or tolerant nature of the detected variant, illustrating the 

paucity of data in databases and further demonstrating the uniqueness of the found 

variant. 

3.5.3 Damaging effect of Variant  

The discovered variations have not been assigned a score from CADD raw or CADD 

Phred. To assign scores according to the degree of variation's deleteriousness, an 

algorithm is used to compare the variation to well-reported deleterious variation, thus 

confirmingthe novelty of variation 
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.4.Discussion 

World Health Organization (WHO) made an estimation report demonstrating cancer, 

a foremost or second most leading cause of death in more than 100 countries before 

the age of 70 years (Sung et al., 2021). HNC is the seventh most prevalent 

heterogeneous group of malignancies. This type of cancer has relatively rapid growth 

and significant influence on crucial functions of the body such as swallowing, speech, 

and breathing (McCabe‐White et al., 2021). Globally, HNC contributed to 

approximately 0.93 million cancer affected individuals and nearly 0.46 million deaths 

(Sung et al., 2021). In 2020, the incidence rate of HNSCC in Pakistan was 14.71% of 

total 180,000 cancer cases and mortality rate was 13.99% of total 120,000 cancer 

deaths (Sung et al., 2021).   

The etiological risk factors for HNC are tobacco, alcoholic compounds, 

environmental factors, genetic mutations, viruses, dietary factors, and other 

behavioral factors but the most common and important risk modifiers are tobacco 

smoke and HPV that contributes to more than 90% of HNC. The mortality rate can 

only be decreased and survival of HNC patients can only be increased by early 

detection and targeting of altered metabolic pathways or the critical enzymes involved 

in these pathways. Because of the diagnostic and therapeutic complexity, integrative 

techniques and expertise are required. 

Most earlier studies have concentrated on cancer genome to examine the mutations in 

protein-coding genes because genetic aberrations in the human genome play a vital 

role in the development of HNC. However, we know very little about how non-coding 

gene alterations may contribute to cancer. (Dilmaghani et al., 2021). It is important to 

note that the majority of the human genome (more than 98%) consists of non-coding 

regions, such as intron sequences and intergenic DNA. (Lu et al., 2015).  

Our study aimed at finding the novel mutations in genes of PIK3CA-Akt pathway. 

We performed WES and further Bioinformatic analysis to find reliable data of 
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mutations in genes of this pathway. We also compared tumor tissues DNA with that 

of Normal (Control). This was the most time-taking step of analysis.  This increased 

the authenticity of the study.  We found novel mutations of Akt gene in S1ACHN and 

S2ACHN in exonic region, we could not find any detail of these mutations. We found 

three novel mutations of TP53 in S1ACHN in exonic region. One mutation is at 2607 

position, at chromosome7, starts and ends at 87325351, A changes into C and its 

Cytoband is 7q21.12. The second mutation is also at 2607 position and chromosome7, 

but it starts and ends at 87325358, here G changes into T and its Cytoband is 7q2.12. 

The third mutation of TP53 is at 5488 positions, at chromosome15, starts and ends at 

43469969; it is a synonymous (SNV) (in this mutation amino acid sequence is not 

modified i.e., protein product does not change); it was an addition mutation where G 

is added and Aminoacid change is mentioned as TP53BP1: NM_001141979: 

exon11.Its cytoband is 15q15.3. In S2ACHN we found Novel mutation of TP53, but 

we could not find any details of this mutation. In S10ACHN we found a novel 

mutation of TP53 in exonic region at 6600 positions, at chromosome20. This mutation 

starts at 45375516 and ends at 45375518 positions. It is a deletion mutation where 

ATT is deleted in this region. Its cytoband is 20q13.12. 

We could not discover any mutations of PIK3CA in exonic region in any of three 

samples. Mutations in PIK3CA gene were present in Intronic region. We also find 

mutations in intronic region of Akt gene. Mostly overexpression of gene products of 

this pathway leads to HNC.  

We hope that these mutations will provide a gateway for targeted drug discovery and 

targeted gene therapy for HNC patients. Our study has limitations due to the use of 

small sample size. So future studies are required by using large sample size from 

different areas of Pakistan to increase the credibility of results and demonstrate the 

interrelation of PIK3CA-Akt pathway genes and HNC

  



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      41 

5. References: 

AKBARI DILMAGHANI, N., SAFAROGHLI‐AZAR, A., 

POURBAGHERI‐SIGAROODI, A. & BASHASH, D. J. I. L. 2021. The 

PI3K/Akt/mTORC signaling axis in head and neck squamous cell carcinoma: 

Possibilities for therapeutic interventions either as single agents or in 

combination with conventional therapies. 73, 618-642. 

ALHAZZAZI, T. Y. & ALGHAMDI, F. T. J. A. P. J. O. C. P. 2016. Head and Neck 

Cancer in Saudi Arabia a Systematic Review A Systematic Review and 

Updates. 17, 4043-4048. 

ALMUNTAFEKY, A. R. S. 2018. The regulation of cell signalling by LAR protein 

tyrosine phosphatase. University of Birmingham. 

ALQAHTANI, A., AYESH, H. S. & HALAWANI, H. J. C. 2019. PIK3CA gene 

mutations in solid malignancies: association with clinicopathological 

parameters and prognosis. 12, 93. 

ALSAHAFI, E., BEGG, K., AMELIO, I., RAULF, N., LUCARELLI, P., SAUTER, 

T., TAVASSOLI, M. J. C. D. & DISEASE 2019. Clinical update on head and 

neck cancer: molecular biology and ongoing challenges. 10, 1-17. 

ANDREASSEN, R., JÖNSSON, B. & HADLER-OLSEN, E. J. B. O. H. 2022. Oral 

health related quality of life in long-term survivors of head and neck cancer 

compared to a general population from the seventh Tromsø study. 22, 1-11. 

ANDREWS, S. 2010. FastQC: a quality control tool for high throughput sequence 

data. Babraham Bioinformatics, Babraham Institute, Cambridge, United 

Kingdom. 

ARUMUGAM PARAMASIVAM, R. G. & PRIYADHARSINI, J. V. J. A. J. O. C. R. 

2021. Genomic and transcriptomic alterations in m6A regulatory genes are 



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      42 

associated with tumorigenesis and poor prognosis in head and neck squamous cell 

carcinoma. 11, 3688. 

ASLAM, S., ALI, F., NASEER, A., SHEIKH, Z. J. W. M. & RESEARCH 2021. 

Application of material flow analysis for the assessment of current municipal 

solid waste management in Karachi, Pakistan. 0734242X211000427. 

ASTHANA, S., LABANI, S., KAILASH, U., SINHA, D. N., MEHROTRA, R. J. N. 

& RESEARCH, T. 2019. Association of smokeless tobacco use and oral 

cancer: a systematic global review and meta-analysis. 21, 1162-1171. 

BELLAIRS, J. A., HASINA, R., AGRAWAL, N. J. C. & REVIEWS, M. 2017. 

Tumor DNA: an emerging biomarker in head and neck cancer. 36, 515-523. 

BENJAMIN, D., SATO, T., CIBULSKIS, K., GETZ, G., STEWART, C. & 

LICHTENSTEIN, L. J. B. 2019. Calling somatic SNVs and indels with 

Mutect2. 861054. 

BUKHARI, N., JOSEPH, J. P., HUSSAIN, J., ADEEB, M. A. M., WAKIM, M. J. Y., 

YAHYA, E. B., ARIF, A., SALEEM, A. & SHARIF, N. J. A. P. J. O. C. P. A. 

2019. Prevalence of human papilloma virus sub genotypes following head and 

neck squamous cell carcinomas in asian continent, a systematic review article. 

20, 3269. 

CELENTANO, A., GLURICH, I., BORGNAKKE, W. S. & FARAH, C. S. J. O. D. 

2021. World Workshop on Oral Medicine VII: Prognostic biomarkers in oral 

leukoplakia and proliferative verrucous leukoplakia—A systematic review of 

retrospective studies. 27, 848-880. 

CHARAP, A. J., ENOKIDA, T., BRODY, R., SFAKIANOS, J., MILES, B., 

BHARDWAJ, N. & HOROWITZ, A. J. J. F. I. O. C. 2020. Landscape of 

natural killer cell activity in head and neck squamous cell carcinoma. 8.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      43 

CHEN, S., ZHOU, Y., CHEN, Y. & GU, J. J. B. 2018. fastp: an ultra-fast all-in-one 

FASTQ preprocessor. 34, i884-i890. 

CHERNOCK, R. D., EL-MOFTY, S. K., THORSTAD, W. L., PARVIN, C. A., 

LEWIS, J. S. J. H. & PATHOLOGY, N. 2009. HPV-related nonkeratinizing 

squamous cell carcinoma of the oropharynx: utility of microscopic features in 

predicting patient outcome. 3, 186-194. 

CIBULSKIS, K., LAWRENCE, M. S., CARTER, S. L., SIVACHENKO, A., JAFFE, 

D., SOUGNEZ, C., GABRIEL, S., MEYERSON, M., LANDER, E. S. & 

GETZ, G. J. N. B. 2013. Sensitive detection of somatic point mutations in 

impure and heterogeneous cancer samples. 31, 213-219. 

COLLABORATIONS, I. 2014. The PDQ Genetics of Kidney Cancer (Renal Cell 

Cancer) summarywas recently. 

CRAMER, J. D., BURTNESS, B., LE, Q. T. & FERRIS, R. L. J. N. R. C. O. 2019. 

The changing therapeutic landscape of head and neck cancer. 16, 669-683. 

CROOKER, K., ALIANI, R., ANANTH, M., ARNOLD, L., ANANT, S. & 

THOMAS, S. M. J. C. P. R. 2018. A review of promising natural 

chemopreventive agents for head and neck cancer. 11, 441-450. 

DAM, V., MORGAN, B. T., MAZANEK, P. & HOGARTY, M. D. J. B. C. 2006. 

Mutations in PIK3CAare infrequent in neuroblastoma. 6, 1-10. 

DAVIS, D. L. J. T. S. & APPROACH, N. A. N. 2012. In spite of extensive health 

warnings in many countries, the use of cigarettes on a worldwide basis 

continues to increase. However, there has been a decline in the per capita and 

even total consumption in some. 31, 15. 

DESCHLER, D. G., DAY, T. J. A. A. O. O. H. & FOUNDATION, N. S. 2008. TNM 

staging of head and neck cancer and neck dissection classification. 10-23.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      44 

DHULL, A. K., ATRI, R., DHANKHAR, R., CHAUHAN, A. K. & KAUSHAL, V. J. 

W. J. O. O. 2018. Major risk factors in head and neck cancer: a retrospective 

analysis of 12-year experiences. 9, 80. 

DILMAGHANI, N. A., KHOSHSIRAT, S., SHANAKI-BAVARSAD, M., 

POURBAGHERI-SIGAROODI, A. & BASHASH, D. J. E. J. O. P. 2021. The 

contributory role of long non-coding RNAs (lncRNAs) in head and neck 

cancers: Possible biomarkers and therapeutic targets? 900, 174053. 

DIXCY, J. S. J. 2020. Investigations into expression and regulation of Cystatin A and 

its implication in breast cancer. 

DUPONT, J., REVERCHON, M., CLOIX, L., FROMENT, P. & RAME, C. J. I. J. O. 

D. B. 2013. Involvement of adipokines, AMPK, PI3K and the PPAR signaling 

pathways in ovarian follicle development and cancer. 56, 959-967. 

ECONOMOPOULOU, P., DE BREE, R., KOTSANTIS, I. & PSYRRI, A. J. F. I. O. 

2019. Diagnostic tumor markers in head and neck squamous cell carcinoma 

(HNSCC) in the clinical setting. 9, 827. 

ELGHAZI, L., BALCAZAR, N., BERNAL-MIZRACHI, E. J. T. I. J. O. B. & 

BIOLOGY, C. 2006. Emerging role of protein kinase B/Akt signaling in 

pancreatic β-cell mass and function. 38, 689-695. 

FARAH, C. S., SHEARSTON, K., NGUYEN, A. P. & KUJAN, O. 2019. Oral 

carcinogenesis and malignant transformation. Premalignant conditions of the 

oral cavity. Springer. 

FATRAI, S., ELGHAZI, L., BALCAZAR, N., CRAS-MÉNEUR, C., KRITS, I., 

KIYOKAWA, H. & BERNAL-MIZRACHI, E. J. D. 2006. Akt induces β-cell 

proliferation by regulating cyclin D1, cyclin D2, and p21 levels and cyclin-

dependent kinase-4 activity. 55, 318-325.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      45 

FERLAY, J., COLOMBET, M., SOERJOMATARAM, I., MATHERS, C., PARKIN, 

D. M., PIÑEROS, M., ZNAOR, A. & BRAY, F. J. I. J. O. C. 2019. Estimating 

the global cancer incidence and mortality in 2018: GLOBOCAN sources and 

methods. 144, 1941-1953. 

FERLAY, J., COLOMBET, M., SOERJOMATARAM, I., PARKIN, D. M., 

PIÑEROS, M., ZNAOR, A. & BRAY, F. J. I. J. O. C. 2021. Cancer statistics 

for the year 2020: An overview. 149, 778-789. 

FRANCIS, D. O., MCKIEVER, M. E., GARRETT, C. G., JACOBSON, B. & 

PENSON, D. F. J. J. O. V. 2014. Assessment of patient experience with 

unilateral vocal fold immobility: a preliminary study. 28, 636-643. 

FRANKE, A. A., LAI, J. F., KAWAMOTO, C. T., POKHREL, P., HERZOG, T. A. J. 

H. I. J. O. M. & HEALTH, P. 2014. University of Hawai ‘i Cancer Center 

connection: Areca (betel) nut consumption: an underappreciated cause of 

cancer. 73, 400. 

GIVENS, D. J., HYNDS KARNELL, L., GUPTA, A. K., CLAMON, G. H., 

PAGEDAR, N. A., CHANG, K. E., VAN DAELE, D. J., FUNK, G. F. J. A. 

O. O., HEAD & SURGERY, N. 2009. Adverse Events Associated With 

Concurrent Chemoradiation Therapy in Patients With Head and Neck Cancer. 

135, 1209-1217. 

GOLDSMITH, K., LIU, X., DAM, V., MORGAN, B., SHABBOUT, M., CNAAN, 

A., LETAI, A., KORSMEYER, S. & HOGARTY, M. J. O. 2006. BH3 

peptidomimetics potently activate apoptosis and demonstrate single agent 

efficacy in neuroblastoma. 25, 4525-4533. 

GUNJAL, S., PATEEL, D. G. S., YANG, Y.-H., DOSS, J. G., BILAL, S., MALING, 

T. H., MEHROTRA, R., CHEONG, S. C., ZAIN, R. B. M. J. S. U. & 



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      46 

MISUSE 2020. An overview on betel quid and areca nut practice and control in 

selected Asian and South East Asian Countries. 55, 1533-1544. 

HANAHAN, D. J. C. D. 2022. Hallmarks of Cancer: New Dimensions. 12, 31-46. 

HASINA, R., AGRAWAL, N. & LINGEN, M. W. 2018. Molecular pathology. Oral 

and Oropharyngeal Cancer. CRC Press. 

HECHT, S. S. & HATSUKAMI, D. K. J. N. R. C. 2022. Smokeless tobacco and 

cigarette smoking: chemical mechanisms and cancer prevention. 1-13. 

HEDBERG, M. L. 2015. Leveraging Next Generation Sequencing to Elucidate the 

Spectrum of Genetic Alterations Underlying Head and Neck Cancer and 

Identify Potential Therapeutic Targets. University of Pittsburgh. 

HO, B. N., PFEFFER, C. M. & SINGH, A. T. J. A. R. 2017. Update on 

nanotechnology-based drug delivery systems in cancer treatment. 37, 5975-

5981. 

HOERTER, J. E. & CHANDRAN, S. K. 2021. Anatomy, Head and Neck, Laryngeal 

Muscles. StatPearls [Internet]. StatPearls Publishing. 

HOPPE, B. S., STEGMAN, L. D., ZELEFSKY, M. J., ROSENZWEIG, K. E., 

WOLDEN, S. L., PATEL, S. G., SHAH, J. P., KRAUS, D. H. & LEE, N. Y. J. 

I. J. O. R. O. B. P. 2007. Treatment of nasal cavity and paranasal sinus cancer 

with modern radiotherapy techniques in the postoperative setting—the 

MSKCC experience. 67, 691-702. 

HUQ, A., AKTARUZZAMAN, M., HABIB, M., ISLAM, M. & AMIN, A. J. B. M. 

R. C. B. 2013. A comparative study between fine needle aspiration cytology 

findings and histopathological report of major salivary gland neoplasm in a 

tertiary hospital of Bangladesh. 39, 69-73.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      47 

HUSSEIN, A. A., HELDER, M. N., DE VISSCHER, J. G., LEEMANS, C. R., 

BRAAKHUIS, B. J., DE VET, H. C. & FOROUZANFAR, T. J. E. J. O. C. 

2017. Global incidence of oral and oropharynx cancer in patients younger than 

45 years versus older patients: A systematic review. 82, 115-127. 

IQUBAL, M. K., CHAUDHURI, A., IQUBAL, A., SALEEM, S., GUPTA, M. M., 

AHUJA, A., ALI, J. & BABOOTA, S. J. C. M. C. 2021. Targeted delivery of 

natural bioactives and lipid-nanocargos against signaling pathways involved in 

skin cancer. 

JAMESON, N. M. 2019. Intron 1-Mediated Regulation of EGFR Expression In 

EGFR-Dependent Malignancies, University of California, San Diego. 

JAVED, A., E ZAHRA, G., QURESHI, A. M. J. A. A. S. R. J. F. E., 

TECHNOLOGY, & SCIENCES 2020. Epidemiology of oral cancer in 

Pakistan. 72, 118-127. 

JETHWA, A. R., KHARIWALA, S. S. J. C. & REVIEWS, M. 2017. Tobacco-related 

carcinogenesis in head and neck cancer. 36, 411-423. 

JOHNSON, D. E., BURTNESS, B., LEEMANS, C. R., LUI, V. W. Y., BAUMAN, J. 

E. & GRANDIS, J. R. J. N. R. D. P. 2020. Head and neck squamous cell 

carcinoma. 6, 1-22. 

JOHNSON, N. W., GUPTA, B., SPEICHER, D. J., RAY, C. S., SHAIKH, M. H., 

AL-HEBSHI, N. & GUPTA, P. C. 2018. Etiology and risk factors. Oral and 

oropharyngeal cancer. CRC Press. 

KATAN, M. & COCKCROFT, S. J. E. I. B. 2020. Phosphatidylinositol (4, 5) 

bisphosphate: diverse functions at the plasma membrane. 64, 513-531. 

KHAN, N. F., SAEED, M., BUTT, A. K. & KHAN, A. A. J. J. P. D. A. 2017. 

Epidemiology of Head and Neck Neoplasm’s in Balochistan. 26, 119.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      48 

KOBAYASHI, K., HISAMATSU, K., SUZUI, N., HARA, A., TOMITA, H. & 

MIYAZAKI, T. J. J. O. C. M. 2018. A review of HPV-related head and neck 

cancer. 7, 241. 

KÖCHL, S., NIEDERSTÄTTER, H. & PARSON, W. 2005. DNA extraction and 

quantitation of forensic samples using the phenol-chloroform method and real-

time PCR. Forensic DNA typing protocols. Springer. 

KOHLER, B. A., SHERMAN, R. L., HOWLADER, N., JEMAL, A., RYERSON, A. 

B., HENRY, K. A., BOSCOE, F. P., CRONIN, K. A., LAKE, A. & NOONE, 

A.-M. J. J. O. T. N. C. I. 2015. Annual report to the nation on the status of 

cancer, 1975-2011, featuring incidence of breast cancer subtypes by 

race/ethnicity, poverty, and state. 107, djv048. 

KOIVUNORO, H., KANKAANRANTA, L., SEPPÄLÄ, T., HAAPANIEMI, A., 

MÄKITIE, A., JOENSUU, H. J. R. & ONCOLOGY 2019. Boron neutron 

capture therapy for locally recurrent head and neck squamous cell carcinoma: 

An analysis of dose response and survival. 137, 153-158. 

KOVACH, A. E. 2008. Rubin's Pathology, Clinicopathologic Foundations of 

Medicine. LWW. 

KUMAR, S. A., INDU, S., GAUTAMI, D. & VARRUCHI, S. J. R. J. O. B. V. 2020. 

Oral squamous cell carcinoma (OSCC) in humans: Etiological Factors, 

diagnostic and therapeutic relevance. 15, 10. 

KUSAMPUDI, S. & KONDURU, N. 2021. General Introduction to Head and Neck 

Cancer: Etiology, Symptoms, Diagnosis, Staging, Prevention, and Treatment. 

Early Detection and Treatment of Head & Neck Cancers. Springer. 

LANDRIGAN, P. J. & FULLER, R. J. I. J. O. P. H. 2015. Global health and 

environmental pollution. Springer.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      49 

LEE, Y.-R., CHEN, M. & PANDOLFI, P. P. J. N. R. M. C. B. 2018. The functions 

and regulation of the PTEN tumour suppressor: new modes and prospects. 19, 

547-562. 

LEEMAN, J. E., KATABI, N., WONG, R. J., LEE, N. Y. & ROMESSER, P. B. 

2020. Cancer of the head and neck. Abeloff's Clinical Oncology. Elsevier. 

LEEMANS, C. R., BRAAKHUIS, B. J. & BRAKENHOFF, R. H. J. N. R. C. 2011. 

The molecular biology of head and neck cancer. 11, 9-22. 

LEEMANS, C. R., SNIJDERS, P. J. & BRAKENHOFF, R. H. J. N. R. C. 2018. The 

molecular landscape of head and neck cancer. 18, 269-282. 

LEONTIADOU, H., GALDADAS, I., ATHANASIOU, C. & COURNIA, Z. J. S. R. 

2018. Insights into the mechanism of the PIK3CA E545K activating mutation 

using MD simulations. 8, 1-16. 

LOOI, C. K., HII, L.-W., CHUNG, F. F.-L., MAI, C.-W., LIM, W.-M. & LEONG, 

C.-O. J. C. 2021. Roles of Inflammasomes in Epstein–Barr Virus-Associated 

Nasopharyngeal Cancer. 13, 1786. 

LU, Q., HU, Y., SUN, J., CHENG, Y., CHEUNG, K.-H. & ZHAO, H. J. S. R. 2015. 

A statistical framework to predict functional non-coding regions in the human 

genome through integrated analysis of annotation data. 5, 1-13. 

MACHIELS, J.-P., LEEMANS, C. R., GOLUSINSKI, W., GRAU, C., LICITRA, L. 

& GREGOIRE, V. J. A. O. O. 2020. Squamous cell carcinoma of the oral 

cavity, larynx, oropharynx and hypopharynx: EHNS–ESMO–ESTRO Clinical 

Practice Guidelines for diagnosis, treatment and follow-up. 31, 1462-1475. 

MAMIDI, P. & GUPTA, K. J. I. J. C. A. M. 2020. Neurological conditions in 

Charaka Indriya sthana-An explorative study. 13, 107-119.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      50 

MCCABE‐WHITE, L., MOGHADDAM, N., TICKLE, A. & BISWAS, S. J. P. O. 

2021. Factors associated with psychological distress for couples facing head 

and neck cancer: A systematic literature review. 30, 1209-1219. 

MIRALEM, T., LERNER‐MARMAROSH, N., GIBBS, P. E., JENKINS, J. L., 

HEIMILLER, C. & MAINES, M. D. J. T. F. J. 2016. Interaction of human 

biliverdin reductase with Akt/protein kinase B and 

phosphatidylinositol‐dependent kinase 1 regulates glycogen synthase kinase 3 

activity: a novel mechanism of Akt activation. 30, 2926-2944. 

MIRANDA-FILHO, A. & BRAY, F. J. O. O. 2020. Global patterns and trends in 

cancers of the lip, tongue and mouth. 102, 104551. 

MITTAL, P., VERMA, H., KESARI, A., VIRK, R., CHARYA, K., PANDA, S., 

THAKAR, A., MEENA, R. K., DODDAMANI, R. S. & GUPTA, M. 2021. 

Extended Procedures. Essentials of Rhinology. Springer. 

MIYAKE, T., YOSHINO, K., ENOMOTO, T., TAKATA, T., UGAKI, H., KIM, A., 

FUJIWARA, K., MIYATAKE, T., FUJITA, M. & KIMURA, T. J. C. L. 2008. 

PIK3CA gene mutations and amplifications in uterine cancers, identified by 

methods that avoid confounding by PIK3CA pseudogene sequences. 261, 120-

126. 

NALEPA, G. & CLAPP, D. W. J. N. R. C. 2018. Fanconi anaemia and cancer: an 

intricate relationship. 18, 168-185. 

NASIR, K., HAFEEZ, H., JAMSHED, A. & HUSSAIN, R. 2020. Effectiveness of 

nerve blocks for the management of head and neck cancer associated 

neuropathic pain disorders; a retrospective study. J Cancer Allied Spec 

[Internet]. 2020May12; 6 (2): e1002957.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      51 

NÄSMAN, A., DU, J. & DALIANIS, T. J. J. O. I. M. 2020. A global epidemic 

increase of an HPV‐induced tonsil and tongue base cancer–potential benefit 

from a pan‐gender use of HPV vaccine. 287, 134-152. 

NENCLARES, P. & HARRINGTON, K. J. M. 2020. The biology of cancer. 48, 67-

72. 

NEUBIG, R. R., BOYD, J. W., MOUCH, J. A., PRINCE, N. J. C. S. T. I. T., 

PHARMACOLOGY: DATA COLLECTION, A. & INTERPRETATION 

2019. Mechanisms of Cellular Signal Transduction. 21-48. 

NI, G., HUANG, K., LUAN, Y., CAO, Z., CHEN, S., MA, B., YUAN, J., WU, X., 

CHEN, G. & WANG, T. J. P. O. 2019. Human papillomavirus infection 

among head and neck squamous cell carcinomas in southern China. 14, 

e0221045. 

NOMAN, A. S. M., PARAG, R. R., RASHID, M. I., ISLAM, S., RAHMAN, M. Z., 

CHOWDHURY, A. A., SULTANA, A., JERIN, C., SIDDIQUA, A., 

RAHMAN, L. J. C. D. & DISEASE 2020. Chemotherapeutic resistance of 

head and neck squamous cell carcinoma is mediated by EpCAM induction 

driven by IL-6/p62 associated Nrf2-antioxidant pathway activation. 11, 1-15. 

OGLE, O. E. J. D. C. 2020. Salivary gland diseases. 64, 87-104. 

OLIVEIRA, N. G., RAMOS, D. L. & DINIS-OLIVEIRA, R. J. J. A. O. T. 2021. 

Genetic toxicology and toxicokinetics of arecoline and related areca nut 

compounds: an updated review. 95, 375-393. 

OPLATEK, A., OZER, E., AGRAWAL, A., BAPNA, S. & SCHULLER, D. E. J. T. 

L. 2010. Patterns of recurrence and survival of head and neck adenoid cystic 

carcinoma after definitive resection. 120, 65-70



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      52 

PATEL, K., BHAT, F. A., PATIL, S., ROUTRAY, S., MOHANTY, N., NAIR, B., 

SIDRANSKY, D., GANESH, M. S., RAY, J. G. & GOWDA, H. J. F. I. O. 

2021. Whole-Exome Sequencing Analysis of Oral Squamous Cell Carcinoma 

Delineated by Tobacco Usage Habits. 11. 

PATEL, S. G. & SHAH, J. P. J. C. A. C. J. F. C. 2005. TNM staging of cancers of the 

head and neck: striving for uniformity among diversity. 55, 242-258. 

PIKOR, L. A., ENFIELD, K. S., CAMERON, H. & LAM, W. L. J. J. 2011. DNA 

extraction from paraffin embedded material for genetic and epigenetic 

analyses. e2763. 

PRIME, S., CIRILLO, N., CHEONG, S., PRIME, M. & PARKINSON, E. J. C. L. 

2021. Targeting the genetic landscape of oral potentially malignant disorders 

has the potential as a preventative strategy in oral cancer. 518, 102-114. 

QURESHI, M. A., SYED, S. A. & SHARAFAT, S. J. J. O. T. U. M. S. 2021. Lip and 

oral cavity cancers (C00-C06) from a mega city of Pakistan: Ten-year data 

from the Dow Cancer Registry. 16, 624-627. 

RAE, T. C., KOPPE, T. J. E. A. I., NEWS,, REVIEWS: ISSUES, N. & REVIEWS 

2004. Holes in the head: evolutionary interpretations of the paranasal sinuses 

in catarrhines. 13, 211-223. 

RAJ, S., KESARI, K. K., KUMAR, A., RATHI, B., SHARMA, A., GUPTA, P. K., 

JHA, S. K., JHA, N. K., SLAMA, P. & ROYCHOUDHURY, S. J. M. C. 

2022. Molecular mechanism (s) of regulation (s) of c-MET/HGF signaling in 

head and neck cancer. 21, 1-16. 

RAYKAR, R. R. & GANAPATHY, S. J. M. J. O. H. S. 2021. Clinical profile, 

management, and postoperative complications among patients with trigeminal 

neuralgia at a tertiary care hospital. 9, 56.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      53 

REHM, J. & SHIELD, K. D. J. E. A. R. 2021. Alcohol use and cancer in the 

European Union. 27, 1-8. 

RITCHIE, H. & ROSER, M. J. O. W. I. D. 2018. Alcohol consumption. 

RIVERA, C. J. I. J. O. C. & PATHOLOGY, E. 2015. Essentials of oral cancer. 8, 

11884. 

ROBERTS, C. A. & BUIKSTRA, J. E. 2019. Bacterial infections. Ortner's 

Identification of pathological conditions in human skeletal remains. Elsevier. 

SABATINI, M. E. & CHIOCCA, S. J. B. J. O. C. 2020. Human papillomavirus as a 

driver of head and neck cancers. 122, 306-314. 

SAMBROOK, J. & RUSSELL, D. W. J. C. S. H. P. 2006. Purification of nucleic 

acids by extraction with phenol: chloroform. 2006, pdb. prot4455. 

SHIEU, M.-K., HO, H.-Y., LIN, S.-H., LO, Y.-S., LIN, C.-C., CHUANG, Y.-C., 

HSIEH, M.-J., CHEN, M.-K. J. I. J. O. E. R. & HEALTH, P. 2022. 

Association of KMT2C Genetic Variants with the Clinicopathologic 

Development of Oral Cancer. 19, 3974. 

STEPHENSON, J. A., AL-TAAN, O., ARSHAD, A., AL, MORGAN, B., 

METCALFE, M. S. & DENNISON, A. J. J. O. L. 2013. The multifaceted 

effects of omega-3 polyunsaturated Fatty acids on the hallmarks of cancer. 

2013. 

STROJAN, P., HERNANDEZ-PRERA, J. C., BEITLER, J. J., EISBRUCH, A., 

SABA, N. F., MENDENHALL, W. M., NIETO, C. S., SMEE, R., RINALDO, 

A. & FERLITO, A. J. C. T. R. 2019. Small cell and large cell neuroendocrine 

carcinoma of the larynx: A comparative analysis. 78, 42-51.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      54 

SUN, W. & CALIFANO, J. A. J. A. O. T. N. Y. A. O. S. 2014. Sequencing the head 

and neck cancer genome: implications for therapy. 1333, 33-42. 

SUNG, H., FERLAY, J., SIEGEL, R. L., LAVERSANNE, M., 

SOERJOMATARAM, I., JEMAL, A. & BRAY, F. J. C. A. C. J. F. C. 2021. 

Global cancer statistics 2020: GLOBOCAN estimates of incidence and 

mortality worldwide for 36 cancers in 185 countries. 71, 209-249. 

SURDU, S. J. R. O. E. H. 2014. Non-melanoma skin cancer: occupational risk from 

UV light and arsenic exposure. 29, 255-265. 

SURESH, A., KURIAKOSE, M. A., MOHANTA, S. & SIDDAPPA, G. 2017. 

Carcinogenesis and field cancerization in oral squamous cell carcinoma. 

Contemporary Oral Oncology. Springer. 

TANAKA, T. I. & ALAWI, F. J. D. C. 2018. Human papillomavirus and 

oropharyngeal cancer. 62, 111-120. 

THOMAS, F. J. & WILES, C. J. J. O. N. 1999. Dysphagia and nutritional status in 

multiple sclerosis. 246, 677-682. 

TOMITA, H. 2022. Perspectives in research on oral squamous cell carcinoma. 

Inflammation and Oral Cancer. Elsevier. 

TUNG, T. M. & YASEEN, Z. M. J. J. O. H. 2020. A survey on river water quality 

modelling using artificial intelligence models: 2000–2020. 585, 124670. 

VALENTI, F., SACCONI, A., GANCI, F., GRASSO, G., STRANO, S., 

BLANDINO, G. & DI AGOSTINO, S. J. C. 2019. The miR-205-

5p/BRCA1/RAD17 axis promotes genomic instability in head and neck 

squamous cell carcinomas. 11, 1347.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      55 

VARSHITHA, A. J. J. O. P. S. & RESEARCH 2015. Prevalence of oral cancer in 

India. 7, 845. 

VATTE, C., AL AMRI, A. M., CYRUS, C., CHATHOTH, S., AHMAD, A., 

ALSAYYAH, A., ALI, A. A. J. M. & ONCOLOGY, C. 2021. Epstein‑Barr 

virus infection mediated TP53 and Bcl‑2 expression in nasopharyngeal 

carcinoma pathogenesis. 15, 1-7. 

WANG, C.-C. J. & PALEFSKY, J. M. J. C. E. R. 2015. Human papillomavirus 

(HPV) infections and the importance of HPV vaccination. 2, 101-109. 

WANG, Z., WU, V. H., ALLEVATO, M. M., GILARDI, M., HE, Y., LUIS 

CALLEJAS-VALERA, J., VITALE-CROSS, L., MARTIN, D., 

AMORNPHIMOLTHAM, P. & MCDERMOTT, J. J. N. C. 2019. Syngeneic 

animal models of tobacco-associated oral cancer reveal the activity of in situ 

anti-CTLA-4. 10, 1-13. 

YANG, W., QIN, N., SONG, X., JIANG, C., LI, T., JI, P., LI, Y., DING, D., WANG, 

C. & DAI, J. J. J. O. D. R. 2020. Genomic Signature of Mismatch Repair 

Deficiency in Areca Nut–Related Oral Cancer. 99, 1252-1261. 

YOON, H. Y., YANG, H. M., KIM, C. H., GOO, Y. T., KANG, M. J., LEE, S. & 

CHOI, Y. W. J. E. O. O. D. D. 2020. Current status of the development of 

intravesical drug delivery systems for the treatment of bladder cancer. 17, 

1555-1572. 

ZHANG, J., HUANG, T., ZHOU, Y., CHENG, A. S., YU, J., TO, K. F., KANG, W. 

J. J. O. C. & MEDICINE, M. 2018. The oncogenic role of Epstein–Barr 

virus‐encoded micro RNA s in Epstein–Barr virus‐associated gastric 

carcinoma. 22, 38-45.



DRSML Q
AU

Chapter 5 References  

Investigating The Role Of Pik3ca And Akt In Head And Neck Squamous Cell 
Carcinoma Through Whole Exome                                                                                      56 

ZHAO, L. & VOGT, P. K. J. C. C. 2010. Hot-spot mutations in p110α of 

phosphatidylinositol 3-kinase (PI3K): differential interactions with the 

regulatory subunit p85 and with RAS. 9, 596-600. 

ZHAO, Q., ZHAO, Y., HU, W., ZHANG, Y., WU, X., LU, J., LI, M., LI, W., WU, 

W. & WANG, J. J. T. 2020. m6A RNA modification modulates 

PI3K/Akt/mTOR signal pathway in gastrointestinal cancer. 10, 9528. 

ZHOU, N., LIN, Y., PENG, X., WANG, Y. & WANG, Y. J. L. C. 2019. Thorough 

survey and analysis of pulmonary lymphoepithelioma-like carcinoma in 

Macau and multimodality treatment for advanced disease. 138, 116-123. 

 



DRSML Q
AU

13%
SIMILARITY INDEX

9%
INTERNET SOURCES

8%
PUBLICATIONS

4%
STUDENT PAPERS

1 1%

2 1%

3 1%

4 1%

5 1%

6 1%

7 <1%

aroma plagrism
ORIGINALITY REPORT

PRIMARY SOURCES

Sun, Wenyue, and Joseph A. Califano.
"Sequencing the head and neck cancer
genome: implications for therapy :
Sequencing HNSCC genome", Annals of the
New York Academy of Sciences, 2014.
Publication

"Head and Neck Cancer", Springer Science
and Business Media LLC, 2016
Publication

Submitted to Higher Education Commission
Pakistan
Student Paper

prr.hec.gov.pk
Internet Source

bmccancer.biomedcentral.com
Internet Source

www.ncbi.nlm.nih.gov
Internet Source

maayanlab.cloud
Internet Source




