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1.1. INTRODUCTION   

Oral cancer is one of the most common cancers in the world that lead to approximately 

145,400 deaths in the year 2012. It is more prevalent in Melanesia, South-Central Asia, 

and Central and Eastern Europe, while in Western Africa and Eastern Asia its cases are 

quite rare (Torre et al 2015). The variation in the incidence and pattern of this cancer are 

the result of several factors like age of the population and regional lifestyle differences 

(Manoharan et al 2010). In India, approximately 70,000 people are diagnosed with oral 

cancer and it causes 48,000 deaths annually (Leemans et al 2011, Elango et al 2009). An 

age-adjusted rate of oral cancer in India is 20 per 100,000 population which is 

remarkably very high compared to other countries (Sankaranarayanan et al 2005). 

Therefore, World Health Organization (WHO) considers oral cancer as a significant 

public health challenge faced by the Indian population and based on the incidence it ranks 

number one among men and third among women. As per the statistics of Indian Council 

of Medical Research (ICMR), there will be a marked increase in the number of oral 

cancer patients in India in the coming years (ICMR 2009). As the overall and disease-free 

survival (DFS) rates of OSCC patients remains unchanged for the past few years because 

of high mortality and low cure rate, the development of novel markers for diagnosis and 

prognosis and novel targets for developing efficacious therapies against this disease 

become imperative (Bell et al 2007, Massano et al 2006, Mydlarz et al 2010). It is now 

well established that Akt/mTOR pathway is highly upregulated in oral cancer and leads 

to its development. The main risk factors of oral cancer include tobacco, alcohol, HPV 

etc are also known to induce Akt/mTOR pathway (West et al 2003, Neasta et al 2011, 

Surviladze et al 2013). This pathway consists of many proteins which interact like a 
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network and induce different functions such as cancer cell survival and proliferation, 

transcription and translation of genes, invasion, angiogenesis, metastases etc. Akt kinase 

is the main protein of this pathway and is known to induce tumorigenesis by affecting 

different hallmarks of cancer such as cell proliferation and survival, cell size and 

response to nutrient availability, intermediary metabolism, angiogenesis, and tissue 

invasion (Bellacosa et al 2005). It is now well established that Akt kinase exists in three 

different isoforms of Akt1, Akt2, and Akt3 and plays distinct functions in various 

cancers. However, the exact role of these different isoforms in the development of oral 

cancer is poorly understood. Therefore, the present study was aimed at evaluating the role 

of different isoforms of Akt in the pathogenesis of oral cancer and to develop isoform-

specific inhibitors for the treatment of this disease.  

1.2. REVIEW OF LITERATURE 

Oral cancer can be defined as the cancers of oral cavity and oropharynx. The oral cavity 

consists of lips, buccal mucosa, gingiva, hard palate, the floor of the mouth and anterior 

2/3s of the tongue, while oropharynx involves posterior 1/3 of the tongue, soft palate, 

tonsils and posterior pharyngeal wall (Fig 1.1) (Neville et al 2009). Based on 

epidemiological and clinicopathological factors, “oral cancer” can be classified into three 

categories: carcinomas of the oral cavity proper, carcinomas of the lip vermilion, and 

carcinomas arising in the oropharynx (Brad and Terry 2002). The frequency of oral 

cancer is very high compared to all other head and neck cancers, of which 90% are oral 

squamous cell carcinoma of the oral cavity followed by adenocarcinomas and rarely other 

types of malignant tumors. 
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Figure 1.1: Different Regions of oral cavity.  

(http://www.uofmmedicalcenter.org/healthlibrary/Article/84505) 

 

1.2.1. Etiology 

Development of oral cancer is a multi-stage process and it is believed that it would take a 

minimum of 10-15 years to develop oral cancer from premalignant lesions. There are a 

plethora of factors associated with its development that function over time and is 

dependent on each person’s unique response to these factors. Though, it is also true that 

patients without apparent risk factors can develop oral cancer and premalignant lesions 

(Laronde et al 2008, Blot et al 1988). Among the risk factors various patterns of tobacco 

use, alcohol consumption, betel quid and areca nut chewing, viruses and other factors like 

genetic susceptibility, diet, immunosuppression etc. have their implications in oral cancer 

either alone or in synergistically along with other factors (Fig 1.2). 

1.2.1.1. Tobacco 

The chewing of tobacco with betel quid and cigarette smoking with heavy alcohol intake 

are chief risk factors linked with oral neoplasia (Neville et al 2009, Franceschi et al 
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2000). Approximately 2500 distinct compounds are reported in tobacco, of which 300 are 

known to be carcinogenic. Tobacco-specific-nitrosamines (TSNA) such as N 

nitrosonornicotine (NNN), 4[methylnitosoamino]-1-[3-6-pyridyl]-1-butanone (NNK) etc 

are accepted as most significant carcinogens in tobacco. Other carcinogenic compounds 

include polycyclic aromatic hydrocarbons (PAH), α-particle emitting 210Po (Polonium), 

trace metals, carbon monoxide, hydrogen cyanide, and phenols. In addition, reactive 

oxygen species (ROS) generated during chewing of tobacco is associated with 

carcinogenesis. Tobacco smoke contains pro-carcinogens like benzo[a]pyrene (BAP), 

which can be metabolized by oxidizing enzymes, notably cytochrome P450 into reactive 

carcinogenic intermediates thus can take part in the development of oral cancer (Jane et al 

2007, Dept. of Health and Human Services 2010). 

1.2.1.2. Alcohol 

Excessive alcohol consumption is considered as an important causative factor for oral 

cancer. The person who consumes 50 or more grams of alcohol per day is two to three 

times at a greater risk of developing these cancers than non drinkers (Ogden 2005, Baan 

et al 2007). It can act both independently as well as synergistically with smoking. It has 

been observed that alcohol increases the mucosal permeability to other toxins and 

carcinogens. Acetaldehyde, the first metabolite of alcohol is a mutagenic and 

carcinogenic agent which causes cellular damage to the oral epithelial cells. In addition, 

alcohol disrupts the normal salivary gland function by reducing the clearance of locally 

acting carcinogens.  All these processes can potentiate oral carcinogenesis (Hashibe et al 

2009, Boffetta and Hashibe 2006).  
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1.2.1.3. Betel quid and areca nut  

Betel quid chewing is one of the main risk factors for oral cancer especially in South and 

Southeast Asian countries. Oral premalignancies are a very common phenomenon in 

betel quid chewers of which about 10% undergoes malignant transformation (Chiba 

2001). The habit of betel quid chewing with areca nut and tobacco exposes a person to a 

relatively higher risk of oral cancer ranging from 8-15 times as compared to 1-4 times 

associated with quid without tobacco (Manjari et al 1996). The production of ROS occurs 

in the chewer’s saliva under alkaline condition by auto-oxidation of areca nut (AN) 

polyphenols. These ROS can initiate tumor induction by causing gene mutation and 

genotoxicity. Also, it can affect salivary gland proteins and oral mucosa which can 

disrupt the structural integrity of oral mucosa and thus may assist in the penetration of 

other betel quid ingredients and environmental toxicants. The AN-specific nitrosamines 

produced by nitrosation of areca alkaloids in the saliva of betel quid chewers are 

mutagenic, genotoxic and can even initiate tumor in animal models (Jeng et al 2001). 

1.2.1.4. Viruses 

The association of Human papillomavirus (HPV) in the development of oral cancer is 

well-known (Smith et al 1998, Herrero et al 2003). The involvement of HPV in the 

process of carcinogenesis was first reported in cervical cancer and it was found that HPV 

type 16 and 18 were present in most of the cases (90%) (Walboomers et al 1999). HPV 

codes for oncoproteins E6 and E7 which are known to interact with tumor suppressor 

genes Rb and p53, and thus if any alterations or mutations in these proteins can initiate 

carcinogenesis (Shah 1998). Apart from HPV, Herpes simplex virus (HSV) and Epstein-
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Barr virus (EBV) are also known to cause oral cancer (Shimakage et al 2002, Kassim and 

Daley 1988). 

1.2.1.5. Other factors 

Immunodeficiency is an important factor which has been implicated in oral cancer, where 

immunity of patients depletes (39, 40). Thirty to forty percent of global cancer cases are 

linked to unhealthy diets, lack of physical activity and obesity. Lack of fruits in diet, non-

starchy vegetables and foods containing carotenoids are associated with oral cancer with 

some evidence, and 10–15% of cases are attributable to low fruit and vegetable intake. 

(Petti 2009, Wanebo et al 1975, Jenkins et al 1997). Also, some studies on genetic 

polymorphisms of genes like CYP1A1, GSTM1, and GSTT1 reveal their importance in 

OSCC which codes for important xenobiotic enzymes (Zaini et al 2010, Shukla et al 

2012).  

 

 

 

 

 

 

 

 

                               

 

 

 Figure 1.2: Risk factors associated with the development of OSCC. 

 

6 
TH-2039_ 10610605



Chapter 1 
 

1.2.2. Clinical features of OSCC 

Tumorigenesis is a multi-step process and it involves the step-wise transition from pre-

malignant lesions to the metastatic tumor phenotype. Different genomic alterations 

gradually accumulate to facilitate this transition into malignant tumors. Oral cancer 

follows the same steps from benign hyperplasia, to dysplasia, to carcinoma in situ and 

advanced cancer (Califano et al 1996). 

1.2.2.1. Premalignant lesions 

Premalignant lesions are asymptomatic morphologically altered tissues having a higher 

risk of attaining cancer than the normal tissues (Gillenwater et al 2006). Leukoplakia: 

Clinically, leukoplakia can be defined as a white keratotic plaque which cannot be 

removed by manual interference (Gupta 1989). This term was first used by Schwimmer 

in 1877 for a white lesion of the tongue which probably was a syphilitic glossitis 

(Schwimmer 1877). Histologically, it consists of hyperkeratosis which is thickening of 

the stratum corneum, parakeratosis that is increased number of nucleated cells near the 

surface and acanthosis refers to the elongation of rete pegs into the submucosa (Mehta 

and Hamner 1993).The chances of malignant transformation of oral leukoplakia range 

from 0.13 to 17.5% (Teruo et al 2006). Dysplasia: Dysplasia term was first introduced by 

Reagon and Hamonic in 1956 for the cells exfoliated from lesions of the uterine cervix 

(Reagan and Hamonic 1956). It is being used for varying degrees of cytologic atypia such 

as hyperchromatism, increased nuclear size, pleomorphism, dyskeratosis, and increased 

or abnormal mitotic figures (Bouquot et al 2006). Traditionally, dysplasia is divided into 

three division of mild, moderate and severe dysplasia. Mild dysplasia is an atypia limited 

to basilar and parabasilar keratinocytes while moderate dysplasia becomes extended in 
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the middle one-third of the epithelium. The terms severe dysplasia and carcinoma in situ 

are applied to hyperproliferation of cells expanding up to the surface layer (Speight 

2007). The rate of oral epithelial dysplasia malignant transformation is reported to be 

more than 7% (Dost et al 2014, Ho et al 2009). Erythroplakia: The term erythroplakia 

was originally used by Queyrat for describing a red, precancerous lesion of the penis. It 

refers to a red patch that cannot be attributed clinically or pathologically as any other 

condition (Queyrat 1911). When erythroplakias exists along with white foci, they are 

known as speckled leukoplakias or erythroleukoplakias (Suter et al 2008). Though, the 

rate of occurrence of leukoplakia is 13 times more than but it is observed that OSCC 

cases are more frequent in erythroplakia cases (Lapthanasupkul 2007).  

Oral lichen planus (OLP):  It is a term used for chronic inflammatory disease of 

unknown etiology. The different characteristics of OLP are white papules, white plaques, 

erythema, erosions or blisters affecting mostly the buccal mucosa, tongue and gingiva 

(Sugerman and Savage 2002). Risk of malignant transformation of OLP is reported to be 

around 1% (Fang et al 2009). Oral submucous fibrosis (OSMF): It is a premalignant 

condition arises due to an extensive habit of chewing areca- nut with or without tobacco. 

In OSMF mucosal rigidity of varying intensity, reduction in the vasculature, atrophy of 

surface epithelium and dysphagia condition occurs (Karemore and Karemore 2011). In 

India, malignant transformation rate of OSMF is found to be 7.6% and worldwide its rate 

ranges from 4-13% (Rajalalitha and Vali 2005).  

1.2.2.2. Squamous cell carcinoma (SCC) 

Early squamous cell carcinoma commonly appeared as a white patch (leukoplakia), red 

patch (erythroplakia), or a mixed red and white lesion (erythroleukoplakia) but gradually 
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superficial ulceration of the mucosal surface may develop. These lesions can grow to 

form an exophytic mass with a fungating or papillary surface or endophytic growth 

pattern can be followed to form a depressed, ulcerated surface with a raised, rolled border 

(Neville et al 2002). Pain cannot be considered as a reliable indicator of malignancy 

because many early oral cancers are asymptomatic or may present only minor discomfort 

though advanced carcinomas are most often painful. The tongue is the most frequent site 

affected with intraoral carcinoma accounting for around 40% of all OSCC (Tanaka et al 

2011). Many different forms of SCC are present of which two are most prevalent that is 

basaloid squamous cell carcinoma and verrucous carcinoma. Basaloid SCC is an 

aggressive type of SCC and it involves basaloid cells which are arranged in nests or cords 

with pseudo-glandular spaces and a high mitotic rate. Only 5% of all oral cavity 

carcinomas are verrucous carcinoma. It is described as a whitish, warty, bulky 

cauliflower-like growth, having a broad base. It affects buccal mucosa mostly and has a 

better prognosis than SCC and considered as low-grade malignancy (Das and Nagpal 

2002). 

1.2.3. Staging of oral cancer 

The staging of oral cancer is a prerequisite to frame the proper treatment and prognosis. 

The TNM system is the most widely used cancer staging system. The T refers to the size 

and extent of the main tumor. The main tumor is usually called the primary tumor. The N 

refers to the number of nearby lymph nodes that have cancer. The M refers to the 

metastasis of cancer (Table1.1) (Neville and Day 2002). 
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Table 1.1: TNM staging system for the oral cavity (CA Cancer J Clin 2002; 52:195-215). 

 

1.2.4. Molecular alterations in OSCC 

The process of oral squamous carcinogenesis is a multifaceted process that occurs when 

squamous epithelium is affected by several genetic alterations under the influence of 

environmental factors such as tobacco, alcohol, chronic inflammation, and viral infection. 

(Fig 1.3) (Choi and Myers 2008, Tanaka and Ishigamori 2011). Field cancerization is a 

theory proposed for oral carcinogenesis which suggests that the total area of oral 

epithelium is at higher risk of developing malignant lesions due to the accumulation of 

genetic alterations of oncogenes and tumor suppressor genes as they are more prone to 

carcinogenic factors (Slaughter et al 1953). Alterations in the tumor suppressor genes by 

genetic events like mutation, loss of heterozygosity, or deletion, or by epigenetic 
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modifications such as DNA methylation or chromatin remodelling can initiate the process 

of carcinogenesis. The activation of oncogenes occurs through overexpression due to 

gene amplification, increased transcription, or changes in structure due to mutations that 

result in increased transforming activity (Choi and Myers 2008).  

 

 

Figure 1.3: Natural history and genetic alterations of oral carcinogenesis; (a), Normal 

oral mucosa, (b) papillary hyperplasia, (c) mild dysplasia, (d) moderate dysplasia, (e) 

severe dysplasia, (f) carcinoma in situ, and (g) invasive squamous cell carcinoma (well 

differentiated) (Journal of Oncology Volume 2011, Article ID 603740). 
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Numerous studies have led to the identification of specific genetic alterations in oral 

carcinomas and in premalignant lesions of the oral cavity. Bockmuhl and colleagues have 

reported deletions of chromosome 3p, 5q, and 9p with 3q gain in well differentiated 

tumors, whereas in poorly differentiated tumours deletions of 4q, 8p, 11q, 13q, 18q, and 

21q and gains in 1p, 11q, 13, 19, and 22q were identified, thus suggesting an association 

with tumor progression by using comparative genomic hybridization of primary head and 

neck carcinomas. The marked improvement in the expansion of molecular techniques, 

such as microsatellite assays and restriction fragment length polymorphism have resulted 

in thorough knowledge about the oral carcinogenesis process. It has been shown that 

allelic imbalance of chromosomal 9p is the most common chromosomal arm loss in head 

and neck squamous cell carcinoma (Williams et al 2000). The neoplastic transformation 

takes many years to ultimately develop into OSCC. p53 is one of the most important 

tumor suppressor genes which have been associated with many cancers. In oral cancer, 

inactivation of p53 has been reported and it was found that different forms of tobacco 

consumptions were responsible for causing mutation in the gene (Tanaka and Ishigamori 

2011, Brennan et al 1995, Lazarus et al 1998). Other tumor suppressor genes such as doc-

1, pRb, pR6, p16, p21, mdm2, and APC are found to be important for the pathogenesis of 

oral cancer (Williams et al 2000). The proto-oncogenes are likely to become oncogenes, 

by the gain of functions mutations and may involve in the initiation and progression of 

oral cancer. The mechanism of point mutations and DNA rearrangements can lead to 

activation of cellular oncogenes. Any deregulation in the expression of proto-oncogenes 

such as epidermal growth factor receptor (EGFR1 c-erb 1) members of the ras family, c-

myc, int-2, hst-1, PRAD-l, and bel can contribute in the process of oral neoplasia 
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(Williams et al 2000, Jurel et al 2014, Bishop 1991). In addition to these, other molecular 

mediators such as COX-2, Thrombospondin 1 (TSP1), human trophoblast cell-surface 

antigen (TROP2), epithelial adhesion molecule (EpCAM), ras gene family (H-ras, K-ras 

and N-ras) etc are known play important role in the pathogenesis of oral cancer (Williams 

et al 2000, Jurel et al 2014, Bishop 1991, Fong et al 2008, Sen and Carnelio 2016, 

Castellano and Santos 2011). 

1.2.5. Therapeutic approaches 

Treatment of OSCC is a multidisciplinary task. The prime objective is to eradicate cancer 

and prevents its recurrence by restoring the form and function of the affected parts. The 

different pre-considerations are made before opting for the treatment module which 

includes the characteristics of carcinoma (specific site affected, clinical size, the extent of 

local invasion, histopathological features, regional lymph node involvement and distant 

metastasis), patient’s age, health condition, a history of previously treated oral SCC and 

addictions (Shah and Gil 2009). 

There are different methods of treatment available, most common among them are 

surgical resection, radiotherapy, and chemotherapy. These are applied alone or in 

combination with other depending on the cancer status of the patient. 

1.2.5.1. Surgical resection 

 Surgery is preferred for small accessible OSCCs (Stage I and Stage II). Tumors 

approaching the gingiva need to be removed with the gingiva and periosteum. It has been 

observed that rate of occult cervical metastasis is very high (10%-26%) so alternative 

treatment is also required (Alvi 1996). Reconstructive surgery is usually preferred after 

resection of the primary tumor to restore oral function and cosmetic appearance. The 
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most suitable reconstruction method is dictated by several aspects, such as characteristics 

of the primary site and defects, the general medical condition and social history of the 

patient, the prognosis, and the expertise of the surgeon (Omura 2014). 

1.2.5.2. Radiotherapy 

Radiotherapy employs the high-energy x-rays or particles to damage the cancer cells or 

slow their growth rate. In oral cancer, radiation therapy plays a significant role in the 

treatment in early stages or combined with other therapeutic options such as surgery 

and/or chemotherapy in advanced stages. The process of delivering a dose of radiation 

over time is known as fractionation (Budach et al 2006, Awwad et al 2002). External 

beam radiotherapy (EBRT) alone or in combination with chemotherapy is generally 

utilized in three conditions that is adjuvant to primary surgery to increase the loco-

regional control (LRC) for cases having unfavorable pathological characteristics, the 

primary treatment for cases unable to endure or unfit for surgery, and salvage treatment 

in the constant or recurrent disease conditions. In comparison conventional radiotherapy, 

Brachytherapy is an another options which provides a high localized dose of radiation, 

with rapid fall-off and short overall treatment time. It has been used in the treatment of 

carcinoma of the lip, tongue, floor of the mouth, oral mucosa, base of the tongue, tonsillar 

region, soft palate, and nasopharynx (Huang 2013, Yamazak et al 2012). 

1.2.5.3. Chemotherapy 

In the past, chemotherapy was mainly applied as a palliative treatment for oral cancer but 

the discovery of new drugs has made it a significant curative treatment for advanced oral 

cancer. In chemotherapy, synthetic or biological agents are used to destroy dividing 

abnormal cancer cells in order to manage spread and metastasis. Various agents like 
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retinoids, α- tocopherol, α-interferon, and COX-2 inhibitors are employed for this 

purpose. The common classes of chemotherapeutic agents comprise of platinum 

compounds (cisplatin and carboplatin), antimetabolites (methotrexate and 5-fluorouracil), 

taxanes (docetaxel), plant alkaloids, hydroxyurea, anthracyclines, and most recently 

taxoids. 5-fluorouracil in combination with docetaxel and cisplatin has been proven to be 

efficacious in induction therapy whereas the platinum derivative cisplatin alone is used 

for induction therapy (Fotedar et al 2013, Vermorken and Specenier 2010, Prelec and 

Laronde 2014). The recent period has observed more focused research on molecules to be 

developed as an agent for targeted therapies. Cetuximab is one such example of targeted 

therapy which targets the epidermal growth factor receptor (EGFR) (Hamakawa et al 

2008, Prelec and Laronde 2014). Different variations of chemotherapy such as 

neoadjuvant or induction chemotherapy are used during the course of treatment (Jain et al 

2008).   

1.2.6. Treatment-associated complications 

Several complications are often associated with the available treatment methods, notable 

among these are chemoresistance, tumor recurrence and side effects caused by treatment 

modalities. 

1.2.6.1. Chemoresistance 

Chemotherapy is one of the most important strategies used to combat cancer. But it also 

fails to completely eliminate the cancer cells due to the factor, known as chemoresistance 

(Longley and Johnston 2005). Tumors can be inherently resistant to chemotherapeutic 

agents or it may be acquired during the course of treatment. Moreover, in the process of 

attaining resistance, the tumor may become resistant to the range of other 
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chemotherapeutic agents which can limit the treatment and can cause metastasis in 90% 

of patients. Different factors are attributed for providing the resistance; it includes 

increased drug efflux, drug activation and inactivation, alterations in drug target, DNA 

methylation, processing of drug-induced damage, and evasion of apoptosis (Wilson et al 

2006). In many cases of OSCCs, less responsiveness to common cytotoxic drugs has 

been observed due to the mechanisms that either restrict the transport of these agents into 

the cells or obstruct with their intracellular molecular targets (Warnakulasuriya and 

Johnson 1996). 

1.2.6.2. Tumor relapse 

Tumor relapse has become a major hurdle in treating the oral cancer patients. It is 

observed that 20%-30% cases of resection of OSCC with adequate, wider than 5 mm, 

tumor-free margins proved through histopathological examination can develop local or 

contiguous regional “recurrence”. This may be either due to carcinomatous keratinocytes 

left at the margins of the surgical wound or because of the large field of precancerized 

epithelium consisting of precancerous keratinocytes at different stages of transformation 

from which the primary carcinoma developed which were not removed by surgical 

intervention. Epithelium from a field of precancerization may appear normal 

microscopically but can have cytogenetic alterations like loss of heterozygosity and p53 

mutations, or epigenetic changes in methylations of certain promoters of tumor- 

suppressor genes and DNA repair genes. Further accumulation of genetic alterations 

either in the keratinocytes in the dysplastic epithelium or the genetically transformed 

keratinocytes may become cancerous and can form a new field of carcinoma close to the 
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resected primary carcinoma (Braakhuis et al 2002, Vries et al 1986, Braakhuis et al 2010, 

Levi et al 2006, Gallo and Bianchi 1995, Goldenberg et al 2004). 

1.2.6.3. Side effects 

Radiotherapy and chemotherapy are mostly used for the treatment of oral cancer. But 

these two methods have many complications of side effects associated with it which can 

cause patient morbidity and mortality. Several difficulties which arise with chemotherapy 

and/or radiation therapy are mucositis (stomatitis), xerostomia (dry mouth), bacterial, 

fungal, or viral infection (particularly in neutropenic patients), dental caries, loss of taste, 

osteoradionecrosis, odynodysphagia, dyseugia and subsequent dehydration, and 

malnutrition (Dose 1995, Zlotolow 1998, Bitran et al 1996). 

Considering all the complications and drawbacks associated with the already available 

diagnostic and therapeutic approaches for oral cancer it becomes imperative to focus the 

research on finding the novel targets which can help in prognosis as well as in developing 

efficacious chemotherapeutic agents. Understanding the molecular profile of OSCC is an 

important step to explore the novel biomarker for the treatment and prognosis. Akt or 

protein kinase B (PKB) is one such protein of the PI3K/Akt/mTOR pathway which can 

be developed as a biomarker of prognostic and therapeutic importance. Activation of 

PI3K/Akt/mTOR pathway has been observed in various cancers and Akt kinase of this 

pathway is known to regulate different cellular processes such as cell proliferation and 

survival, cell size and response to nutrient availability, tissue invasion, and angiogenesis. 

Several oncoprotein and tumor suppressor genes are found to be involved in cell 

signaling/metabolic regulation and interact with the Akt signal transduction pathway and 

can initiate the process of carcinogenesis (Altomare and Testa 2005). 
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1.2.7. PI3K/Akt/ mTOR pathway 

The PI3K/Akt/mTOR pathway is known to be an extremely conserved pathway that is 

firmly regulated by a multistep process. Class I phosphatidylinositol 3-kinase (PI3K) can 

trigger the Akt pathway by getting activated from stimulated receptor tyrosine kinases 

(RTKs) either directly through binding or by tyrosine phosphorylated scaffolding 

adaptors like insulin receptor substrate (IRS) proteins. Activated PI3K converts its 

catalytic domain of phosphatidylinositol (3,4)-bisphosphate (PIP2) lipids to 

phosphatidylinositol (3,4,5)-trisphosphate (PIP3). PIP3 binds to Akt at the plasma 

membrane to let PDK1 access and phosphorylate T308 in the “activation loop”, which 

can result in partial activation of Akt. This modified Akt has the potential to activate 

mTORC1 complex mTOR complex 1 (mTORC1) via multisite phosphorylation of TSC2 

within the TSC1-TSC2 complex which obstructs the ability of TSC2 to act as GTPase-

activating protein (GAP) for Rheb, thus Rheb-GTP accumulates. This Rheb-GTP 

activates mTORC1. Partially activated Akt can also inactivate proline-rich Akt substrate 

of 40 kDa (PRAS40) which inhibits mTORC1. mTORC1 substrates consist of eukaryotic 

translation initiation factor 4E binding protein 1 (4EBP1), and ribosomal protein S6 

kinase, 70 kDa, polypeptide 1 (S6K1). S6K1 subsequently phosphorylates the ribosomal 

protein S6 (S6/RPS6) to promote protein synthesis and cellular proliferation. Full 

activation of Akt requires a phosphorylation at S473 in the carboxy-terminal hydrophobic 

motif either by mTORC2 complex or by DNA-PK. Fully activated Akt can initiate a 

series of substrate-specific phosphorylation events both in the cytoplasm and nucleus, 

including inhibitory phosphorylation of the pro-apoptotic FOXO proteins. Thereby, it can 

control many cellular functions such as angiogenesis, metabolism, growth, proliferation, 
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survival, protein synthesis, transcription, and apoptosis.  Dephosphorylation of T308 and 

S473 by PP2A and PHLPP1/2 respectively and also the conversion of PIP3 to PIP2 by 

PTEN can halt the Akt signaling (Fig 1.4) (Hemmings and Restuccia 2012, Brendan et al 

2007). 

 

Figure 1.4: PKB/Akt activation downstream of RTKs via the P13K pathway. 

1.2.8. Akt/ protein kinase B (PKB) 

Akt, a conserved serine/threonine kinase is an important regulatory component of 

PI3K/Akt/mTOR pathway that transduces signals from growth factors and oncogenes to 

downstream targets regulating diverse signaling cascades important in both normal 

cellular physiology and various disease states (Fig 1.5). Akt signaling controls cell 

proliferation and survival, cell growth (size), glucose metabolism, cell motility and 

angiogenesis. Any alterations of these processes can lead to cancer, and different reports 

indicate frequent hyperactivation of Akt signaling in many human cancers. Different 

oncoproteins and tumor suppressors traverse through the Akt signal transduction pathway 

and are activated or inactivated, respectively, in cancer (Testa and Tsichlis 2005, Martini 

et al 2014). 
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Figure 1.5: Growth factor mediated Akt activation. In response to numerous growth 

factors and cytokines Akt is activated downstream of PI3-kinase following a multistep 

mechanism. Activated PI3-kinase converts PIP2 into PIP3 providing sites of recruitment 

at the plasma membrane of proteins containing PH domains, including Akt and PDK1 

kinases. Upon translocation to the plasma membrane Akt is phosphoryalated by PDK1 

within the hydrophobic motif, which renders Akt catalytically active. Activated Akt, 

through the phosphorylation of numerous downstream targets located throughout the cell, 

regulates a wide array of cellular functions. 

 

Akt kinase has a pleckstrin-homology (PH) domain which gets activated in response to 

growth factors by the involvement of phosphoinositide 3-OH kinase. It was first 

identified by three groups independently in the year 1991. This 60 kDa kinase was 

identified due to their homology with protein kinase A (68%) and protein kinase C (73%) 

and accordingly, it was named as protein kinase B. Also, this kinase was recognized as 

the product of the oncogene v-akt of the acutely transforming retrovirus AKT8 affecting 

the rodent T-cell lymphoma. This retroviral encodes a fusion protein of cellular Akt and 

viral Gag structural protein (Coffer and Woodgett 1991, Jones et al 1991, Bellacosa et al 

1991). 
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1.2.9. The Akt family 

Akt family includes three closely related cellular isoforms present in the mammalian cells 

which are known as Akt1, Akt2, and Akt3 (Jones et al 1991, Altomare et al 1995, 

Brodbeck et al 1999, Nakatani 1999). These three genes share a sequence identity of 

more than 85% and have the same structural organization. At the N terminal domain, PH 

domain is present comprising of around 100 amino acids which bind to the 

phospholipids. Catalytic domain follows the PH domain linked by a short stretch of a 

glycine-rich region. The C-terminal region contains the putative regulatory domain of 70 

amino acids. The V-Akt has an additional truncated region of viral oncoprotein Gag fused 

with the full-length Akt1 protein through a short untranslated region. The PH domain and 

the conserved serine and threonine residues are vital for Akt activation. Moreover, the 

distance between two phosphorylated residues (approx. 160-170 amino acids) is kept 

conserved in these protein kinases. Serum- and glucocorticoid-inducible kinase (SGK) is 

found to be closer to Akt. It shows great sequence homology to Akt’s catalytic domain 

and owns residues equivalent to T308 and S473 of Akt1 but are deficient in PH domain 

(Fig 1.6) (Kandel and Hay 1999). These isoforms of Akt are ubiquitously expressed in 

mammals but their expression level varies among different tissues. In most of the tissues, 

Akt1 is predominantly present whereas Akt2 expression is found in insulin-responsive 

tissues such as skeletal muscle, heart, liver, and kidney indicating their importance in 

insulin signaling. This is further supported by the fact that the insulin-responsive tissues 

of developing embryos notably liver, brown fat and skeletal muscle have the highest 

expression of Akt2. Akt3 have a very limited pattern of expression observed only in testis 

and brain and low levels in the adult pancreas, heart, and kidney. It is not necessary to 
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conclude about the Akt’s activities by their expression profile as it is observed that varied 

level of kinase activities possessed by different isoforms during differentiation that 

cannot be correlated with their expression level (Kandel and Hay 1999).  

 

 

 

 

 

 

 

 

Figure 1.6: Structural organization of the three major Akt/PKB isoforms showing its     

domain structure: PH (Plekstrin homology) domain functions as phosphoinositide-

binding modules. Kinase domain act as a catalytic zone where phosphorylation site; 

Threonine (T) is present in the activation loop. The HM (hydrophobic motif) has 

another phosphorylating site; Serine (S). 

 

 

 
 

 

 

 

 

 

            Table 1.2: Physical parameters of Akt isoforms and their site of expression. 

 

AKT isoforms   Akt 1   Akt2   Akt3 

Chromosome location  14q32   19q13   1q44 

Gene size        Approx. 26.4 Kb      Approx.  54.4 Kb       Approx.  35.4 Kb 

No. of exons   14   14   14 

Coding sequence length  1443 bp   1445 bp   1440 bp 

Protein molecular weight  55.6 kDa  55.7 kDa  55.8 kDa 

No. of amino acids  480   481   479 

Site of expression Predominantly present     Insulin responsive tissues  Limited to kidney, brain, 

in most of the tissues        such as normal brown fat,  embryonic heart, and 

such as brain, heart,          skeletal tissue, and liver      testis  

lung etc 

References  Etro et al 2010  Altomare et al 2008 Cheung et al 2008 
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1.2.10. Physiological role of Akt kinase isoforms in normal cells 

Despite the similarity in the amino acid sequence in the three Akt isoforms, they have 

unique modes of activation and many distinct functions (Santi et al 2011). Akt1 kinase 

isoform has been found to play the significant role in many signaling cascades. It is 

known to mediate the posterior 5' Hoxc gene expression via epigenetic modification and 

in part through direct binding to the promoter region in mouse embryonic fibroblast cells 

(Kong et al 2014). It participates in myogenic differentiation and NF-κB activation which 

is considered important for oncogenic cell growth by Ki-Ras (Sumitani et al 2002, Kwon 

et al 2008). In addition, its activation increases HIF-1A expression through enhanced 

protein translation with the help of mTOR-independent pathway (Pore et al 2006). 

Besides, it also regulates physiological cardiac hypertrophy while antagonizing 

pathological hypertrophy (DeBosch et al 2006). Moreover, it is found to be the main Akt 

isoform that controls apoptosis in limiting cytokine concentrations (Green et al 2013). 

Also, it is known to play a significant role in inhibiting autophagy via reduced UVRAG 

(UV radiation resistance-associated gene) expression and assists in the IFN-

β transcription downstream of TLR3 activation (Yang et al 2013, Gantner et al 2012). 

Akt2 is another important member of serine/threonine-protein kinases that are central to 

several important functions of a cell. It is known to increase the expression of actin-

bundling protein palladin (Chin and Toker 2010, Jensen et al 2010). It is a key regulator 

involved in glucose uptake and metabolism. It also takes part in survival and 

differentiation of different types of cells such as bone cells, myoblasts, and thymocytes 

(Mukherjee et al 2010, McCurdy et al 2005, Bouzakri et al 2006, Lee et al 2011, Zhang et 

al 2011, Muslin 2011, Juntilla et al 2007). Akt3 kinase shares 83.6% with Akt1 and 78% 
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with Akt2 sequence identity at the protein level (Cheung et al 2008). It plays a very 

important role in determining the normal brain and other organ sizes. Also, it is involved 

in glucose homeostasis and growth deficiencies (Easton et al 2005, Dummler et al 2006). 

It is believed to be the important coordinator of mitochondrial biogenesis (Wright et al 

2008). In addition, it also participates in platelet activation and thrombosis (O'Brien et al 

2011).  

1.2.11. Akt kinase isoform-specific genetic alterations in different cancers 

Recent studies have shown the relevance of isoform-specific involvement of Akt kinases 

in different cancers. The functions of these isoforms are found to be non-overlapping that 

are responsible for their functional-diversity (Gonzalez et al 2009, Xu et al 2004). 

Despite their high homology, Akt isoforms regulate distinct physiological functions 

which might be attributed to distinct tissue distribution of the Akt isoforms, differential 

activation of the Akt isoforms by extracellular stimuli (that is, cues like the amplitude or 

timing of PI3 kinase activity triggered by different stimuli could be translated into 

differential activation/regulation of the Akt isoforms), distinct intrinsic catalytic activity 

of the Akt isoforms to phosphorylate substrates,  and cell context-specific factors (Fig 

1.7).  

 

 

 

 

Figure 1.7: Functions of Akt isoforms. A. Overlapping and specific functions of the Akt 

family members. Summarized are common and distinct Akt isoforms elucidated from the 

phenotypic analysis of single and double Akt isoform knockout mice. B. Potential 

mechanisms dictating Akt isoform functional specificity. 
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Examples of this mode of regulation include isoform-specific subcellular 

compartmentalization that determines access to substrates and/or specific adaptor 

proteins that confer specificity to substrate selection. The pioneering report of Akt kinase 

involvement in cancer came through the studies of Staal group in the year 1987 where 

they have found the amplification of Akt1 in a single case of gastric carcinoma. 

Subsequently, in the year 1992, amplification and overexpression of Akt2 was observed 

in a subset of ovarian carcinoma (Staal et al 1987, Cheng et al 1992). In the ensuing 

period, this notion has been solidified and extended to various other cancers and at 

present approximately 30% of human cancers are associated with alterations of Akt 

kinase pathway (Table 1.3) (Pal and Mandal 2012). Different genetic alterations such as 

overexpression, amplification, and mutations have been observed in different cancers. 

1.2.11.1. Overexpression and amplification of Akt isoforms in different cancers 

The Akt isoforms alone or along with other isoforms are overexpressed and participate in 

the different process of carcinogenesis in many cancers. The overexpression of Akt1 has 

been reported in OSCC, hepatocellular carcinoma (HCC), and thyroid cancer (Nakashiro 

et al 2015, Wang et al 2013, Krześlak et al 2011). Akt2 isoform was observed to be 

overexpressed in cancers such as OSCC, Laryngeal squamous cell carcinoma (LSCC), 

estrogen receptor α (ERα) positive breast carcinomas, lung adenocarcinoma and 

squamous carcinoma, HCC, osteosarcoma, and colorectal cancer (Iamaroon and 

Krisanaprakornkit 2009, Chen et al 2009, Sun et al 2001, Wang et al 2006, Pu et al 2010, 

HCC Miao et al 2011, Xu et al 2004, Zhu et al 2014, Rychahou et al 2008). Akt3 was 

found to be upregulated in estrogen receptor-deficient breast cancer cell lines, melanoma, 

and ovarian cancer (Nakatani et al 1999, Stahl et al 2004, Cristiano et al 2006). In breast 
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cancer and ovarian cancer, both Akt1 and Akt2 were found to be overexpressed (Stål et al 

2003, Noske et al 2007). All the three isoforms of Akt has been found to be 

overexpressed in salivary gland cancer cells (Hara et al 2008). Amplification is known to 

increase the number of copies which can lead to increase in the mRNA level and in turn 

protein. The Akt1 amplification was reported in prostate cancer specimens (Kirkegaard et 

al 2010).  In lung cancer, amplification of Akt and Akt2 gene was observed through 

polysomy of the chromosomal segment (Dobashi et al 2012). The amplification of Akt2 

gene has been observed in cancers such as ovarian, prostate, and pancreatic cancer 

(Cheng et al 1992, Nakayama et al 2006, Shukla et al 2007, Cheng et al 1996, Ruggeri et 

al 1998, Altomare et al 2002). The amplification of Akt3 isoform has been reported in the 

case of breast cancer (Kirkegaard et al 2010). 

The prognostic importance of Akt kinases generally has been well recognized in different 

cancers, but focused reports of Akt isoform-specific associations are limited in number 

(Table 1.4) (Valkov et al 2011, Prijić et al 2014, Pickhard et al 2014). In case of HCC, 

one of the studies has suggested the importance of Akt1 in cancer prognosis. Although, 

another study led by Zhang et al 2014 have shown the importance of all the Akt isoforms 

in determining the prognosis of the disease (Xu et al 2004, Zhang et al 2014). The p-Akt1 

(phosphorylated Akt) has been associated with prognosis of different cancers such as 

pancreatic cancer, intrahepatic cholangiocarcinomas, lung cancer, and breast cancer (Liu 

et al 2010, Lee et al 2012, Shi et al 2011, Liu et al 2012). In a recent study, a co-

heightened EGFR/Akt1 gene copy number has been associated with worse clinical 

outcome (Li et al 2015). In addition to Akt1, Akt2 expression has also been found to have 

prognostic impact in various cancers such as NSCLC, breast cancer, meningiomas and 
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osteosarcoma where its expression has been linked with different clinicopathological 

conditions and available treatment outcomes (Miao et al 2011, Fohlin et al 2013, Wang et 

al 2014, Zhu et al 2014).  

Type of In vitro / In vivo/ Status of Akt Isoforms Reference  

cancer  Clinical 
Breast cancer  In vitro   Upregulation of Akt3     Nakatani et al 1999 

Breast cancer Clinical   Activation of Akt2     Sun et al 2001 

Breast cancer In vitro   Up regulation of Akt2     Bacus et al 2002 

Breast cancer Clinical   Overexpression of Akt1 and Akt2    Stal et al 2003 

Breast cancer Clinical   E17K mutation in Akt1     Carpten et al 2007 

Breast cancer Clincal   E17K mutation in Akt1     Stemke-Hale et al  

   2008 

Breast cancer Clinical   E17K mutation in Akt1     Bleeker et al 2008 

Breast cancer Clincal   E17K mutation in Akt1     Arnedos et al 2012 

Breast cancer Clincal   Amplification of Akt3 and     Kirkegaard et al  

deletions of Akt1 and Akt2    2010 

Colorectal cancer  Clinical   High expression of Akt1 and Akt2    Rychahou et al 2008 

Colorectal cancer  Clinical   E17K mutation in Akt1     Bleeker et al 2008 

Glioma  In vitro/Clinical   Increased expression of Akt2    Wang et al 2010 

Glioma  In vitro/Clinical   Higher expression of Akt2     Mure et al 2010 

HNSCC  Clinical   E17K mutation in Akt1     McBride et al 2014 

HCC  Clinical   High expression of Akt2     Xu et al 2004 

HCC  In vitro/Clinical   Constitutive expression of Akt1    Wang et al 2013 

LSCC  Clinical   Positive rate of Akt2 expression    Chen et al 2009 

Lung carcinoma Clinical   Amplification and high-level    Dobashi Y et al 2012 

polysomy of Akt1 and Akt2 

Lung carcinoma Clinical   E17K mutation in Akt1     Do et al 2008 

Lung carcinoma Clinical   E17K mutation in Akt1     Malanga et al 2008 

Lung carcinoma Clinical   E17K mutation in Akt1     Bleeker et al 2008 

NSCLC  Clinical   Higher expression of Akt2     Wang et al 2006 

NSCLC  Clinical   Positive rate of Akt2 expression    Pu et al 2010 

NSCLC  Clinical   Positive rate of Akt2 expression    Miao et al 2011 

NSCLC  Clinical   G1112A, R371H,   L861Q and    Sasaki et al 2008  

E542Q in Akt2 

NSCLC  Clinical   R371H mutation in Akt2     Sasaki et al 2010 

NSCLC  Clinical   E17K mutation in Akt1     Do et al 2010 

Melanoma In vitro/Clinical   Elevated expression of Akt3    Stahl et al 2004 

Melanoma Clinical   Mutation of Akt3      Davies et al 2008 

OSCC  In vitro   Constitutive expression of      Iamaroon and  

Akt1, Overexpression of Akt2     Krisanaprakornkit  

and minimal expression of Akt3     2009  

Ovarian cancer In vitro/Clinical   Amplification and overexpression    Cheng et al 1992  

of Akt2 

Ovarian cancer Clinical   Activation of Akt2     Yuan et al 2000 

Ovarian cancer Clinical   Amplification of Akt2     Nakayama et al2006 

Ovarian cancer In vitro   Expression of Akt1 and Akt2    Noske et al 2007 

Ovarian cancer In vitro/Clinical  High expression of Akt3     Cristiano et al 2006 

Pancreatic cancer In vitro/Clinical  Amplification of Akt2     Cheng et al 1996 

Pancreatic cancer Clinical   Amplification and     Ruggeri et al 1998  

overexpression of Akt2 

Pancreatic cancer Clinical   Activation of Akt2     Altomare et al 2002 
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Pancreatic cancer Clinical   Positive expression of p-Akt1    Liu et al 2010 

Prostate cancer Clinical   Amplification of Akt1     Kirkegaard et al 2010 

Prostate cancer Clinical   E17K mutation in Akt1     Boormans et al 2008 

Prostate cancer Clinical   E17K mutation in Akt1      Boormans et al 2010 

Prostate cancer  In vitro   Upregulation of Akt3     Nakatani et al 1999 

Salivary gland In vitro/Clinical  Overexpression of Akt1,     Hara et al 2008 

carcinoma     Akt2 and Akt3 

Thyroid   Clinical   Overexpression of Akt1       Krześlaket al  

neoplasms            2011 

 

Table 1.3: Genetic alterations of Akt isoforms in different cancers (Roy et al 2017). 

 1.2.11.2. Mutations of Akt isoforms in different cancers 

Mutations of Akt isoforms have been observed in approximately 3-5% of cancers. E17K 

accounts for 36% of Akt1 mutations in cBioPortal but is less prevalent in Akt2 and Akt3. 

The maximum portion of Akt1-3 mutations is spread across the coding sequence at low 

frequencies. The most common activating Akt mutations, including Akt1 E17K, L52R, 

and Q79K don’t have any impact on sensitivity or resistance to Akt inhibitors. However, 

Akt1 D323H and Akt2 W80C mutants have been reported to be relatively resistant to the 

allosteric Akt inhibitor MK-2206, but not an ATP-competitive inhibitor (Kyung et al 

2016). The E17K mutation has been observed in various cancers such as HNSCC, breast 

cancer, lung cancer, prostate cancer, and melanoma. It is responsible for the substitution 

of glutamic acid to lysine at 17th amino acid in the lipid-binding pocket of Akt1 has been 

detected in human breast cancer. This mutation was responsible for altering the 

electrostatic interactions and activating Akt1 in a PI3K-independent manner which was 

capable of transforming rodent cells in vitro and could induce leukemia in mice. Also, the 

Q79K mutation was reported in the case of melanoma cancer cells. In Akt2 isoform, the 

R371H mutation has been reported in HNSCC. In melanoma cancer cells E17K mutation 

was observed in Akt1 and Akt3 isoform (Carpten et al 2007, Bleeker et al 2008, Stemke-

Hale et al 2008, Arnedos et al 2012, Rudolph et al 2016, McBride et al 2014, Do et al 
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2008, Malanga et al 2008, Do et al 2010, Sasaki et al 2008, Kirkegaard et al 2010, 

Boormans et al 2008, Davies et al 2008, Shi et al 2014).  

 

Akt     Cancer  Alteration correlated  Remark   References  

Isoforms  to prognosis 

Akt1 Breast cancer Akt1 gene copy number Co-heightened EGFR/Akt1 Li et al 2015 

      gene copy numbers alterations  

had a worse outcome 

Akt1 Breast cancer p-Akt1 expression Associated with poor DFS  Liu et al  

and OS     2012 

Akt1 HCC  Upregulation of Akt1, Associated with tumor  Zhang et al 

Akt2 and Akt3 proteins  aggressiveness and poor prognosis  2014  

Akt1 ICC  Aberrant expressions of Associated with a favorable  Lee et al  

p-Akt1   prognosis   2012 

Akt1 NSCLC  Positive expression of pERK1/2 and pAkt-1 can act as  Shi et al  

PAkt-1   independent prognostic   2011  

biomarkers for predicting RFS 

Akt1 Pancreatic Positive expression of Associated with poor DFS  Liu et al 

cancer  pAkt-1   and OS    2010  

        

    

Akt2 Breast cancer High Akt2 expression Prognostic value of Akt2   Fohlin et al  

increased with higher oestrogen     2013 

 receptor levels 

Akt2 HCC  Upregulation of Akt1, Associated with tumor   Zhang et al  

Akt2 and Akt3  aggressiveness and poor prognosis  2014 

Akt2 HCC  High Akt2 expression Akt2 was an independent cancer Xu et al  

relapse prognostic marker   2004 

Akt2 Meningiomas High Akt2 expression High levels of Akt2 correlated with Wang et al  

       high rates of tumor recurrence  2014  

Akt2 NSCLC  Positive rate of Akt2 Significantly correlated with the Miao et al  

expression   PFS and OS   2011  

Akt2 Osteosarcoma Elevated expression of Associated with aggressive clinical  Zhu et al  

Akt2       behavior and poor outcome 2014 

Akt3 HCC  Upregulation of Akt1, Associated with tumor   Zhang et al  

Akt2 and Akt3   aggressiveness and poor prognosis  2014 

 

Table 1.4: Prognostic implications of Akt isoforms in different cancers (Roy et al 2017). 

1.2.12. Role of Akt kinase isoforms in cancer cells 

Akt isoforms are known to play the central role in regulating pathways important for 

several cellular processes such as transcription and translation of genes, cell proliferation 

and survival, glucose metabolism, genome stability, angiogenesis, and metastasis (Fig 

1.8). All these cellular processes are found to be important for the pathogenesis of cancer. 
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Figure 1.8: Diagrammatic representation of critical role of Akt isoforms in diverse 

cellular processes (Roy et al 2017). 

 
 

1.2.12.1. Role of Akt isoforms in cancer cell survival and proliferation 

The role of Akt1 in cancer cell survival and proliferation has been observed in different 

cancers such as mesothelioma, breast cancer, lung cancer, glioma, HCC, ovarian cancer, 

and prostate cancer (Menges et al 2012, Riggio et al 2017, Hollander et al 2011a, Mure et 

al 2010, Jung et al 2013, Shearn et al 2012, Linnerth-Petrikb et al 2016, Virtakoivua et al 

2012). The positive expression of Akt2 isoform has been found to be important for the 

survival and proliferation of cancer cells of breast cancer, neuroblastoma, HCC, and 

prostate cancer (Bacus et al 2002, Qiao et al 2008, Foley et al 2010, Wang et al 2014, 

Virtakoivua et al 2012). The significance of Akt3 isoform has been observed in survival 

and proliferation of lung cancer, prostate cancer, and ovarian cancer cells (Lee et al 2011, 

Lin et al 2015, Cristiano et al 2006).  

 

30 TH-2039_ 10610605



Chapter 1 
 

1.2.12.2. Role of Akt isoforms in epithelial-mesenchymal transition (EMT), invasion, 

and metastases 

The role of Akt1 has been correlated with the invasion and metastases of glioma, thyroid 

cancer and melanoma (Mure et al 2010, Jung et al 2013, Krześlak et al 2011, Saji et al 

2011). Expression of Akt2 plays a significant role in the invasion of cancer cells such as 

hepatocellular, glioma, neuroblastoma, breast cancer, LSCC, and papillary thyroid 

carcinoma  (Qiao et al 2008, Foley et al 2010, Xu et al 2004, Wang et al 2004, Pu et al 

2004, Pu et al 2006, Zhang et al 2009, Qiao et al 2008, Foley et al 2010, Riggio et al 

2017, Chen et al 2009, Zhou et al 2017, Arboleda et al 2003). Akt2 plays a key role in 

EMT by interacting with Snail1 in the E-cadherin promoter region. (Villagrasa et al 

2012). Recently, it was found that Akt2 is involved in colorectal cancer cells metastasis 

through regulation of metastasis suppressor 1 (MTSS1) (Agarwal et al 2017). However, 

few reports of involvement of both Akt1 and Akt2 in metastases of colorectal cancer cells 

are also known (Ericson et al 2010, Häggblad et al 2017). The expression of Akt3 has 

been found to be important for invasion and metastases of NSCLC and thyroid cancer 

cells (Lee et al 2011, Boufraqech et al 2014, Zhuang et al 2017, Lin et al 2017, Sui et al 

2017).  

1.2.12.3. Role of Akt isoforms in angiogenesis 

Role of Akt1 has been observed in the process of angiogenesis of endothelial cells (Lee et 

al 2014, Phung et al 2015). In ovarian cancer, Akt3 was found to induce the secretion of 

VEGF which in turn affected the vascular growth in a tumor of a xenograft mouse model 

(Liby et al 2012). However, a contrasting observation was made in endothelial tumor cell 
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where Akt3 was found to inhibit the vascular tumor endothelial cell growth (Phung et al 

2015).  

1.2.13. Role of Akt isoforms in chemo and radioresistance of cancer cells 

Chemotherapy and radiotherapy remain the standard methods for the treatment but often 

the patients experience tumor recurrence due to the development of resistance in cancer 

cells. Development of resistance is a complex process and is regulated by many signaling 

pathways (Kim et al 2015, Abdullah and Kai-Hua 2013, Chuthapisith 2011, Hittelman 

2010). Akt kinase pathway is one of the important pathways involved in chemoresistance 

and radioresistance of various cancers (Shimura et al 2012). However, only limited 

number of studies on Akt isoform-specific associations with the development of 

chemoresistance and/or radioresistance has been reported. Constitutive activation of Akt1 

has been shown to prevent the mammary epithelial cells from anoikis and suppressed 

chemotherapy-induced apoptosis (Schmidt et al 2002). The activation of the Akt1 kinase 

in radioresistance has been linked to different cancer lines by inhibition of PP1alpha (Eke 

et al 2010). Moreover, upregulation of Akt3 confers resistance to the Akt inhibitor 

MK2206 in breast cancer (Stottrup et al 2016). Overexpression of Akt2 has been 

associated with chemoresistance against cisplatin in ovarian cancer, docetaxel in both 

ovarian and breast cancer, VM-26 in glioma, and erlotinib in pancreatic cancer (Yuan et 

al 2003, Xing et al 2008, Cui et al 2012, Banno et al 2017). In case of colon cancer, Akt2 

overexpression has been linked to proliferation, apoptosis, and development of 

chemoresistance (Ding et al 2015, Li et al 2011). Though, for developing radioresistance 

in colon cancer cells both Akt1 and Akt2 are efficiently involved through 

nonhomologous end joining pathway (Sahlberg et al 2014). In case of uterine cancer, the 
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participation of both Akt2 and Akt3 was indicated in inducing chemoresistance to 

cisplatin (Gagnon et al 2004). In endometrial cancer, both Akt1 and Akt2 has been 

implicated in the development of chemoresistance against cisplatin and doxorubicin 

(Girouard et al 2013).  

1.2.14. Recent advances in therapeutics for specific targeting of Akt isoforms  

Targeting of Akt kinase has led to significant advances in the field of cancer therapeutics 

and at present many Akt inhibitors are under pre-clinical and clinical trials. However, 

miltefosine is the only drug that has been approved by FDA. Depending on the 

mechanism of action, Akt inhibitors are majorly divided into six main classes which 

include ATP- competitive inhibitors of Akt, lipid-based Akt inhibitors (act by preventing 

the generation of PIP3 by PI3K), pseudosubstrate inhibitors, allosteric inhibitors of Akt 

kinase domain, antibodies and compounds that interact with the PH domain of Akt. Also, 

other molecules such as antisense oligonucleotides are found to be significant in targeting 

Akt kinase (Bhutani et al 2013). Nevertheless, isoform-specific roles of Akt indicated the 

specific targeting is necessary for more precise cancer treatment. Albeit not much has 

been achieved in targeting them more specifically and only limited number of reports are 

available so far. Utilization of antisense oligonucleotides such as siRNAs, shRNAs, and 

microRNAs for specific targeting in different cancers has been tried so far. Their 

application was found to either reduce the proliferation of cancer cells or increases the 

sensitivity of drugs when used in combination (Nishikawa et al 2015, Tei et al 2015, 

Chen et al 2014, Cai et al 2013, Chinet al 2014a). Though, in some of the studies, 

pharmacological inhibitors have been used for specific Akt isoforms targeting. The 2,3,5-

trisubstituted pyridine derivatives have been shown to be an allosteric Akt1 and Akt2 
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inhibitors and displayed selectivity over the Akt3 isozyme. Moreover, on substitution 

with a heterocycle in the 5 position, it became more potent for Akt2 than Akt1 isoform 

(Hartnett et al 2008). In another study, hyperforin (natural phloroglucinol compound) was 

reported to inhibit Akt1 kinase activity and promote caspase-mediated apoptosis (Merhi 

et al 2011). Recently, a protein-targeting strategy has been applied to develop a selective 

inhibitor of the E17K point mutation of Akt1. In this study, it was found that azide 

presenting peptides can selectively block the E17K Akt1 interaction with its PIP3 

(phosphatidylinositol (3,4,5)-trisphosphate) substrate (Deyle et al 2015). Until now, a 

handful of studies have been conducted in specific targeting of Akt isoforms and this 

process can be accelerated by categorizing the already available Akt inhibitors based on 

their affinity towards the isoforms and recommend it to patients on cancer to cancer basis 

depending on the active Akt isoform involved. 

1.3. IMPORTANCE OF THE STUDY 

Cancer is known to be a multifactorial disease and there are some key players involved in 

signal transduction pathways of tumor progression and development which are an utmost 

requirement. Akt is one such kinase whose functions are proved to be crucial for the 

pathogenesis of cancer. Some level of preliminary work has been accomplished regarding 

its involvement in the development of OSCC, although the studies related to Akt-

isoforms specific associations are found to be limited. Decoding the molecular network 

of Akt isoforms in OSCC can provide us the specific target against which appropriate 

therapeutic modalities can be developed without affecting the other molecular mediators. 

Also, these investigations can help us in revealing the potential of Akt isoforms as a 

prognostic marker in the development of OSCC, since many reports are available where 
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Akt expressions have been correlated with grading and staging of cancer and even the 

treatment outcome. 

Based on these scopes the objectives of the study were framed as: 

1. To determine the expressional and mutational status of Akt isoforms in (Akt1,   Akt2, 

and Akt3) in different stages of OSCC of patients’ samples. 

2.To check the effect of pure Tobacco extract (TE) and other commercially available 

tobacco components on OSCC cells in relation to Akt isoforms and to establish the role 

of different Akt isoforms in the development of OSCC and to examine. 

3. To demarcate the general Akt kinase inhibitors into Akt-isoform Specific Inhibitors 

based on docking studies. 
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2.1. INTRODUCTION   

As discussed in the earlier chapter, OSCC is the most frequent malignant tumor of the 

head and neck, and in the recent years, its incidence has increased dramatically. 

Although, till date, several advancements has been made in chemotherapy, radiotherapy, 

and targeted therapy, the prognosis of OSCC is relatively poor as a result of aggressive 

local invasion and metastasis, leading to recurrence. As a consequence, OSCC still 

remains a challenging disease to treat (Gareth 2009, Wang et al 2013, Bagan et al 2008). 

According to WHO, the oral cancer patient has very poor five-year survival rate of 45% 

if diagnosed at late stages. However, if oral cancer is detected at early stages of 

development, it has a high survival rate of 80 to 90%. Although, the lack of public 

awareness and advance screening methods are responsible for poor prognosis and low 

survival rate (Liu et al 2006, Wang et al 2014, Ehsan et al 2012). It is now well 

established that Akt isoforms are overexpressed in different cancers and their expression 

varies significantly in different cancers. Moreover, their active involvement has been 

observed in radio and chemoresistance of cancer cells. In addition, their potential as 

predictive as well as prognosis biomarkers of the disease is highly promising. However, 

till date very limited studies have been carried out to evaluate the expression of Akt 

isoforms in oral cancer; the expression of these isoforms in different stages, cytological 

types, and organs of oral cancer. Therefore, the present study was an attempt to evaluate 

the expression of Akt isoforms in oral cancer. Moreover, as per the preceding chapter, it 

was observed that aberrant activation of Akt kinase is present in different cancers and it 

can occur by various mechanisms such as amplifications, overexpression, mutations in 

Akt genes, and/or alterations in Akt upstream regulators (Roy et al 2017, Gonzalez and 
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McGraw 2009). Akt isoforms are known to play specific roles and even opposing 

functions in different cancers as suggested by many studies (Toker 2012, Veeriah 2012, 

Phung et al 2015, Linnerth-Petrik et al 2014, Riggio et al 2017, Linnerth-Petrik et al 

2016). Keeping in mind the fact that genetic alterations present in Akt isoforms may have 

different implications and functional consequences in different cancers, it becomes 

imperative to explore these variations in oral cancer exclusively. In the present work, we 

have analysed the expression of Akt isoforms in human oral tumor samples as well as in 

normal tissues samples collected from different organs of patients such as nose, larynx, 

and tongue of different stages, grades and degree of differentiation from both male and 

female of different ages. Moreover, apart from analysing the expressional status of Akt 

isoforms in oral cancer, mutational status of these isoforms in cancer patients was 

evaluated from “The Cancer Genome Atlas (TCGA)” data portal. Additionally, the 

correlation between genetic alterations of the Akt isoforms with the progression free 

survival (PFS) and disease free survival (DFS) has been examined. 

2.2. MATERIALS AND METHODS 

2.2.1. Tissue microarray (TMA) 

TMA slides were used for analyzing the expression of Akt isoforms in oral cancer 

tissues. The slides consisted of oral cancer tissues of 80 different patient samples of 

different age groups, genders and were from organs such as tongue, cheek, gingiva, lip, 

and palate. The slides contain 28 cases of squamous cell carcinoma, 4 adenocarcinoma, 8 

mucoepidermoid carcinoma, 2 basal cell carcinoma, 4 metastatic carcinoma, 8 

adamantinoma, 6 hyperplasia, 5 each of adjacent tissue, inflammation, adjacent normal 

tissue and normal tissue, single core per case. The tissue microarray slides were obtained 
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from US biomax company (OR802) (Fig 2.1A). The core diameter was 1.5 mm with a 

thickness of 5μM. 

TMA Details: 

Oral cavity disease spectrum (oral cavity cancer progression) tissue array, 79 cases/80 

cores 

Name:  OR802          

Panel: Oral cavity disease spectrum (oral cavity carcinoma progression) tissue 

microarray      

Cases:  79        

Cores:  80        

Diameter: 1.5mm        

Rows:  8        

Columns: 10  

 
Positio

n 

Age Sex Organ Pathology diagnosis TNM Stag

e 

A1a 40 M Gingiva Squamous cell carcinoma T4N0M0 IV 

A2a 47 F Tongue Squamous cell carcinoma T1N0M0 I 

A3a 81 M Lip Squamous cell carcinoma T2N0M0 II 

A4a 57 M Tongue Squamous cell carcinoma T1N0M0 I 

A5a 52 F Lip Squamous cell carcinoma T1N0M0 I 

A6a 53 M Cheek Squamous cell carcinoma T2N0M0 II 

A7a 62 F Cheek Squamous cell carcinoma T1N0M0 I 

A8a 48 M Base of tongue Squamous cell carcinoma T2N0M0 II 

A9a 68 M Right palate Squamous cell carcinoma T2N0M0 II 

A10a 56 F Cheek Squamous cell carcinoma T2N0M0 II 

B1a 79 M Cheek Squamous cell carcinoma T2N0M0 II 

B2a 60 M Gingiva Squamous cell carcinoma T1N0M0 I 

B3a 55 M Cheek Squamous cell carcinoma T1N0M0 I 

B4a 66 M Tongue Squamous cell carcinoma T1N0M0 I 

B5a 46 F Tongue Squamous cell carcinoma T1N0M1 IV 

B6a 39 F Tongue Squamous cell carcinoma T1N0M0 I 

B7a 78 M Tongue Squamous cell carcinoma T2N0M0 II 

B8a 78 F Lip Squamous cell carcinoma T1N0M1 IV 

B9a 54 F Lip Squamous cell carcinoma T1N0M1 IV 

B10a 75 F Lip Squamous cell carcinoma T1N0M1 IV 

C1a 60 M Tongue Squamous cell carcinoma T1N0M0 I 

C2a 73 M Lip Squamous cell carcinoma T1N0M0 I 

C3a 60 M Gingiva Squamous cell carcinoma T1N0M0 I 

C4a 78 M Lip Squamous cell carcinoma T1N0M0 I 

C5a 55 M Gingiva Squamous cell carcinoma T1N0M0 I 

C6a 47 M Lower 

mandible 

Squamous cell carcinoma T2N0M0 II 

C7a 41 M Dental alveoli Squamous cell carcinoma T1N0M0 I 
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C8a 60 M Tongue Squamous cell carcinoma T2N0M0 II 

C9a 40 F Palate Adenoid cystic carcinoma T1N0M0 I 

C10a 45 M Left lower 

mandible 

Adenoid cystic carcinoma 

(sparse) 

T1N0M0 I 

D1a 64 M Palate Adenoid cystic carcinoma T2N0M0 II 

D2a 66 M Parotid gland Acinic cell carcinoma T2N0M0 II 

D3a 71 M Mouth floor Mucoepidermoid carcinoma T1N0M0 I 

D4a 57 M Palate Mucoepidermoid carcinoma T2N0M0 II 

D5a 50 F Cheek Mucoepidermoid carcinoma T2N0M0 II 

D6a 57 M Upper lip Mucoepidermoid carcinoma 

(skeletal muscle and blood 

vessel) 

T1N0M0 I 

D7a 48 F Right lower 

mandible 

Mucoepidermoid carcinoma T1N0M0 I 

D8a 55 M Gingiva Mucoepidermoid carcinoma T1N0M0 I 

D9a 60 M Right lower 

mandible 

Mucoepidermoid carcinoma T3N0M0 III 

D10a 50 M Root of tongue Mucoepidermoid carcinoma 

(sparse) 

T1N0M0 I 

E1a 79 F Lip Basal cell carcinoma 

(sparse) 

T2N0M0 II 

E2a 48 F Lip Basal cell carcinoma T2N0M0 II 

E3b 70 F Lymph node Metastatic squamous cell 

carcinoma of neck from 

cheek 

- - 

E4b 79 M Lymph node Metastatic squamous cell 

carcinoma of neck from 

tongue 

- - 

E5b 59 F Lymph node Metastatic squamous cell 

carcinoma of neck from 

mandible 

- - 

E6b 40 F Lymph node Metastatic mucoepidermoid 

carcinoma of neck from 

mandible 

- - 

E7e 11 M Mandible Adamantinoma - - 

E8e 28 M Left mandible Adamantinoma - - 

E9e 51 M Right mandible Adamantinoma - - 

E10e 64 M Mandible Adamantinoma (fibrous 

tissue and blood vessel) 

- - 

F1e 37 F Mandible Adamantinoma - - 

F2e 40 M Lower 

mandible 

Adamantinoma - - 

F3e 47 F Mandible Adamantinoma - - 

F4e 70 F Right jaw 

bones 

Adamantinoma - - 

F5f 67 M Lip Hyperplasia of squamous 

epithelium 

- - 

F6f 40 M Lip Mild atypical hyperplasia of 

squamous epithelium 

- - 

F7f 82 M Lip Hyperplasia of squamous 

epithelium 

- - 

F8f 46 M Tongue Hyperplasia of squamous 

epithelium  (skeletal muscle 

- - 
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and blood vessel) 

F9f 60 F Tongue Hyperplasia of squamous 

epithelium 

- - 

F10f 3 F Tongue Hyperplasia of squamous 

epithelium 

- - 

G1g 68 M Parotid gland Cancer adjacent tissue (with 

squamous cell carcioma 

sparse) 

- - 

G2g 53 F Tongue Cancer adjacent tissue - - 

G3g 53 M Tongue Cancer adjacent tissue 

(hyperplasia of squamous 

epithelium) 

- - 

G4g 70 M Parotid gland Cancer adjacent tissue (with 

mucoepidermoid 

carcinoma) 

- - 

G5g 63 M Lip Cancer adjacent tissue 

(chronic inflammation of 

fibrous tissue and blood 

vessel) 

- - 

G6h 43 M Sub maxillary 

gland 

Chronic submaxillaritis - - 

G7h 23 F Parotid gland Chronic parotitis - - 

G8h 66 F Parotid gland Chronic parotitis - - 

G9h 40 F Right cheek Chronic inflammation of 

mucosa 

- - 

G10h 75 F Lower lip Chronic inflammation of 

mucosa of No. 20 

- - 

H1d 48 F Salivary  gland Cancer adjacent normal 

salivary gland tissue 

- - 

H2d 48 F Salivary  gland Cancer adjacent normal 

salivary gland tissue 

- - 

H3d 37 M Salivary  gland Cancer adjacent normal 

salivary gland tissue 

- - 

H4d 63 M Salivary  gland Cancer adjacent normal 

salivary gland tissue 

- - 

H5d 56 M Salivary  gland Cancer adjacent normal 

salivary gland tissue 

- - 

H6c 42 F Tongue Normal tongue tissue - - 

H7c 38 F Salivary  gland Normal salivary gland 

tissue 

- - 

H8c 48 M Tongue Normal tongue tissue - - 

H9c 50 M Salivary  gland Normal salivary gland 

tissue 

- - 

H10c 22 M Salivary  gland Normal salivary gland 

tissue 

- - 

 

a: malignant tissues, b: metastatic tissues, c: Normal tissues, d: Normal adjacent tissue, e: 

benign tissues, f: hyperplastic tissues, g: cancer adjacent tissue, h: inflammation. 

                       

  Table 2.1: Oral cavity tissue array details (OR802). 
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2.2.2. Immunohistochemistry (IHC) 

The expression of Akt isoforms was determined by IHC. Briefly, the TMA slides were 

treated in xylene to remove the paraffin, rehydrated through serial dilutions of alcohol, 

followed by washings with PBS (pH 7.2). Subsequently, the slides were placed in a 

citrate buffer (pH 6.0) and heated on a plate for 15-min for antigen retrieval. The samples 

were then incubated with a monoclonal anti-rabbit Akt1, Akt2 and Akt3 antibody (Akt1; 

CST, Cat No. 2938, Akt2; Abcam, Cat No Ab66129, Akt3; CST, Cat No. 3788) for 

overnight at 25oC. The following day it was incubated with the streptavidin conjugated 

secondary antibody for 30 mins in moist chamber (IHC Kit Histostain Plus, Invitrogen, 

Cat No. 859043). The 3,3'-diaminobenzidine tetrahydrochloride (DAB) compound  was 

used for signal development and subsequently the cells were counter-stained with 

hematoxylin. The slides were mounted with DPX and the pictures were captured by the 

Nikon Eclipse T100 microscopic and Nikon Digital Camera System for study comparison 

(Cheng et al 2007). 

2.2.3. Scoring of IHC Staining  

The tissue microarray slides were examined using a Nikon Eclipse Ti-E microscope. The 

scoring of the specimens was based on the staining intensity and percentage of positively 

stained cells. Every tumor was assigned a score according to the intensity of the nuclear 

or cytoplasmic staining (no staining=0; weak staining=1; moderate staining=2; intense 

staining=3) and the frequency of stained cells (Less than 10%=0; 10–25%=1; 26–50%=2; 

51–75%=3; 76–100%=4). The final expression score was determined as a product of the 

intensity and extent of positivity scores of stained cells, with the minimum score of 0 and 
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a maximum score of 12 (Han et al 2009, Remmele and Schicketanz 1993, Matos et al 

2006, Han et al 2008, Kamoi et al 2002). 

2.2.4. TCGA analysis 

The genetic alterations were analyzed in head and neck carcinoma patient samples which 

were obtained from the open data portal of “The Cancer Genome Atlas dataset (TCGA)” 

and cbioportal platform (http://www.cbioportal.org) (Cerami et al 2012, Gao et al 2013). 

For the evaluation of genetic alterations of Akt isoforms on prognostic of head and neck 

cancer patient the Kaplan-Meier survival curve was generated. Specifically, to obtain the 

data selection “Query” on the home page of the website www.cbioportal.org was made, 

select “Head and Neck Carcinoma (TCGA, Provisional)” from Select Cancer Study. In 

the “Select Genomic Profiles”, select “Mutations and Putative copy-number alterations” 

was clicked. In “Enter Gene set”, input “AKT1: Exp < -2”, then click “Submit”. The 

“Oncoprint” tab will appear initially. For obtaining the survival data the “Survival” tab 

was clicked, overall survival Kaplan-Meier Estimate and disease free survival will 

appear. 

2.2.5. Statistical Analysis 

The statistical analysis for the expression score was achieved by performing one-way 

ANOVA. A p-value of < 0.05 was accepted as statistically significant. 

2.3. RESULT AND DISCUSSION 

In the present study, we have performed IHC to analyze the expression of different 

isoforms of Akt (Akt1, 2 and 3) on TMA slides of oral cancer patient samples. The oral 

cancer patient samples consist of specimens from different organs, types, stages and 

grades. This tissue microarray also contains normal salivary gland tissues.  
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2.3.1. Expression of Akt isoforms in normal and malignant oral tissues 

The analysis of the expression of Akt isoforms in TMA slides have shown that Akt1 and 

2 are overexpressed while no significant change in the expression of Akt3 was observed 

as compared to the normal tissues (Fig 2.1B and C). Similar to this result, earlier study 

led by Iamaroon and Krisanaprakornkit have shown that Akt2 was overexpressed while 

Akt1 was constitutively expressed in OSCC (Iamaroon and Krisanaprakornkit 2009). 

Moreover, overexpression of Akt1 and 2 isoform has been observed in many other 

cancers such as breast, liver, lung, glioma, neuroblastoma etc. These studies have 

indicated that differential expression of Akt isoforms exists in different cancers (Roy et al 

2017).  

2.3.2. Expression of Akt isoforms with respect to Genders  

Since oral cancer incidence has the higher percentage in male than female whether 

expression of Akt isoforms varies among genders (Geurink 2014) was studied. The IHC 

of TMA slides has shown no significant variation in the expression of Akt isoforms with 

respect to gender (Fig 2.2). It can be inferred that the expression of Akt isoforms are not 

associated with different genders. Similar to the observation made, the previous report 

has also shown that the Akt expression in tumor epithelial cells and stroma did not have 

any correlation with genders along with other parameters such as age, smoking, clinical 

performance status, vascular infiltration, tumor differentiation or histological type (Al-

Saad et al 2009). Also, the phosphorylated form of Akt (p-Akt) has been shown to have 

no correlation with the genders of cancer patients in NSCLC and nasopharyngeal 

carcinoma (Zhou et al 2007, Wang et al 2014). Moreover, the expression patterns of Akt1  
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Figure 2.1: Expression of Akt isoforms in normal and malignant oral tissues: A; 

Schematic representation of TMA slides showing different tissue samples. B; 

Representative images showing the expression of Akt isoforms in tissues C; Bar 

graph of the expression score for the normal (n=10) and malignant (n=70) 

tissues. Bas: Base of tongue, Che: Cheek, Den: Dental alveoli, Gin: Gingiva, Lef: 

Left mandible, Lip: Lip, Low: Lower lip, Lym: Lymph node, Man: 

Mandible, Mou: Mouth floor, Pal: Palate, Par: Parotid gland, Rig: Right 

cheek, Roo: Root of tongue, Sal: Salivary gland, Sub: Submaxillary gland, Ton: 

Tongue, Upp: Upper lip. Data are expressed as the mean ± SE. *=p<0.05. 
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Figure 2.2: Expression of Akt isoforms in normal and malignant oral tissues 

with respect to gender: A; Representative images showing the expression of Akt 

isoforms in oral tissues of male and female C; Bar graph of the expression score 

for the normal male (n=6), normal female (n=4), malignant male (n= 43) and 

malignant female (n=27) patients of oral cancer. Data are expressed as the mean 

± SE. *=p<0.05. 
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and 2 exhibited no statistically significant difference according to patient gender in case 

of osteosarcoma and NSCLC (Zhu et al 2017, Pu et al 2010). 

2.3.3. Expression of Akt isoforms in different tissue types of oral cancer  

The expression of Akt isoforms was also evaluated with respect to different tissue types 

such as normal, inflammation, hyperplasia, and cancer adjacent tissues (CAT) and 

malignant tissues. It was found that the maximum expression of Akt1 and 2 was in 

malignant tumor types in comparison to normal tissues (Fig 2.3). The role of Akt 

isoforms has been shown in inflammatory conditions especially in vascular diseases. (Di 

Lorenzo et al 2009, Yu et al 2015). The significance of Akt isoforms in hyperplasia has 

earlier been shown by the work of Bernal-Mizrachi and group who have reported the 

constitutive expression of Akt1 in the induction of hypertrophy, hyperplasia, and 

hyperinsulinemia in Islet β cell (Bernal-Mizrachi et al 2001). However, Akt isoform-

specific involvement in other tissue types is yet to be established. It appears that the 

variation of expression of Akt isoforms in different stages is cancer-specific.  

2.3.4. Expression of Akt isoforms in different stages of oral cancer  

The expression of Akt isoforms has been examined in different stages (Stage I, II, III and 

IV) of oral cancer development. It was found that Akt1 and 2 were overexpressed while 

the expression of Akt3 isoform remains unchanged (Fig 2.4). Also, it was found that the 

expression of Akt1 and 2 gradually increased with respect to advanced stages of oral 

cancer. In contrast to the result obtained the study by Rychahou and group have shown 

the similar expression levels of Akt1 and 2 mRNA in all colorectal cancer samples 

irrespective of tumor stage (Rychahou et al 2008). However, Riggio et al have shown that 

Akt1 and 2 behave differently in early and late stages of breast cancer and they perform  
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Figure 2.3: Expression of Akt isoforms in different tissue types of oral cavity. 

CAT: Cancer adjacent tissue. A; Representative images of expression of Akt 

isoforms in different tumor types of oral cancer. B; Bar graph of the expression 

score for the Normal tissues (n= 10), inflammation (n= 5), hyperplasia (n= 5), 

CAT (n=5), malignant tissues (n=42). Data are means ± SE. *= p<0.05.  
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Figure 2.4: Expression of Akt isoforms in different stages of oral cancer: A; 

Representative images of expression of Akt isoforms in different stages of oral 

cancer. B; Bar graph of the expression score for the normal tissues (n=10) and 

malignant tissues of stage I (n=21), stage II (n=23), stage III (n=1) and stage IV 

(n=5). Data are expressed as the mean ± SE. *=p<0.05. 
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unique functions in breast cancer progression through the regulation of specific 

downstream proteins (Riggio et al 2017).  

2.3.5. Expression of Akt isoforms in different regions of oral cavity  

The expression of Akt isoforms in different regions of oral cavity such as lip, gingiva, 

palate, mandible, parotid gland, lymph node, cheek, and tongue have shown the increased 

expression of Akt1 and 2 as compared to normal tissues. Though, the palate region has 

not shown significant increase in expression of Akt1 and 2 isoforms. The maximum 

expression of Akt1 was observed in tongue tissues followed by gingiva and cheek while 

for Akt2, gingiva and tongue showed the maximum expression followed by cheek (Fig 

2.5). Few other studies have reported the activation of Akt in tongue cancer and were 

found to be associated with adverse outcomes in patients (Watanabe et al 2009, 

Massarelli et al 2005). Thus, it appears that out of all the three isoforms, only Akt1 and 2 

take active part in tongue cancer development but not Akt3. Nevertheless, more focused 

studies in this regard need to be undertaken to infer convincingly. 

2.3.6. Mutational status of Akt isoforms from TCGA data portal 

In view of the fact that through IHC, only expression of the Akt isoforms in the cancer 

tissues was analyzed but information on the mutational status of the sample could not be 

retrieved. So, an attempt has been made to analyze the mutational status of Akt isoforms 

in tissues of different cancer patients. From “The Cancer Genome Atlas (TCGA)” 

datasets, the mutational status including the data sets of DNA amplifications, mutations, 

and deletions of 504 patients of HNSCC was obtained and analyzed. The maximum 

genetic alteration was found in Akt1 with a percentage of 2.8% followed by Akt3 (2.5%) 

and Akt1 (2%). On careful examination of heatmap against the genetic alterations, it  
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Figure 2.5: Expression of Akt isoforms in different organs of oral cavity: A; 

Representative images of expression of Akt isoforms in different organs of oral 

region, B; Bar graph of the expression score for the normal (n=10), lip (n=15), 

gingiva (n=5), palate (n=4), mandible (n=11), parotid gland (n=5), lymph node 

(n=4), cheek (n=7) and tongue (n=15) . Data are expressed as the mean ± SE. 

*=p<0.05. 
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becomes evident that the gene amplification led to increase in the mRNA expression for 

both Akt1 and 2 gene. However, in case of Akt3 gene, such observation was not made 

except in few cases. The previous report has suggested that the genes which are normally 

silent even when amplified don’t play any significant role in tumor progression. The 

weak associations between mRNA level and protein accumulation and/or activity hint 

towards the importance of the translational or post-translational events in the final 

outcome of gene amplification (Vogt et al 2010) (Fig 2.6). In case of Akt1, in addition to 

amplification mutation, deep deletion and missense mutations were found. Deep deletion 

was found to decrease the expression of Akt1 gene at the mRNA level. Two missense 

mutations of E17K and E49K were observed in the PH domain of the Akt1protein. These 

mutations lead to hyperactivation of Akt1 and was reported in different cancers such as 

breast, colorectal, ovarian, endometrial cancers, bladder cancer and lung cancer (Jung et 

al 2016, Askham et al 2010, Yu et al 2015). In the present data, E17K mutation was 

showing the elevated expression of mRNA (1.8) while the E49K showed decreased 

mRNA expression (-1.7).  In case of Akt2 isoform, five mutations Y351C, P471S, 

D388N, and G394Wfs*48 were observed. The previous report has been shown the 

involvement of Y351C in HNSCC. Y351 is considered as a putative phosphorylation site 

present in Akt2 and is found to be conserved among multiple species (Giudice and 

Squarize 2013). It was found that the sample carrying the Y351C mutation has elevated 

mRNA expression with an increase infold change of 1.9 (Table 2.2).  The impact of all 

other mutations in protein function of Akt2 and on the cell as a whole is not well 

understood. In case of Akt3, mutations such as R343M, S403G, S136C, K152R, and  
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Figure 2.6: Genetic alterations of Akt isoforms present in HNSCC samples (n = 

504) (www.cbioportal.org): A; Genetic alterations present in Akt1 (2.8%), B; 

Akt2 (2%), C; and Akt3 (2.4%) along with the heatmap showing their outcome on 

the level of mRNA transcript. The maximum percentage of alterations was present 

in Akt1 followed by Akt3 and Akt1, of which amplification of gene was most 

predominant. 
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Table 2.2: Outcome of different genetic alterations of Akt isoforms of HNSCC 

samples on the expression profile of transcripts (n = 504) (www.cbioportal.org). 
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M145K was found in cancer patients (Fig 2.7). It was observed that the present mutations 

of Akt3 could not elevate the expression of Akt3 at mRNA level. Furthermore, till date, 

the information regarding the role of these mutations in protein functions and its 

relevance to cancer has not been studied yet. As a whole, it was observed that the most of 

the mutations related to Akt1 and 2 led to elevated mRNA expression as observed from 

the heatmap while there was no such effect in Akt3 gene. Since the role of these 

mutations in oral cancer is unknown, therefore, more elaborate studies must be 

undertaken extensively to explore their proper function.  

2.3.7. Correlation of genetic alterations of Akt isoforms with PFS and DFS 

The univariate analysis for survival data of 504 patient samples of HNSCC from TCGA 

datasets indicate that the increasing abundance of genetic alterations of Akt2 isoform lead 

to worst overall survival as well as disease-free survival as compared to Akt1 and 3 (Fig 

2.8 and 2.9). It was observed that the cases with genetic alterations of Akt2 gene have 

median survival months of 27.56 months as compared to the cases with no alteration of 

the Akt2 gene (56.44 months). Moreover, the DFS has shown disease free median months 

of 34.76 as compared to the 72.44 in case of the unaltered Akt2 isoform. In case of Akt1 

gene alteration, median survival was found to be 45.93 months as compared to 56.44 

months in cases of unaltered Akt1 gene while DFS months could not be obtained. The 

survival data for Akt3 could not be obtained for the concerned cancer patients from the 

TCGA datasets. Several earlier reports have also suggested the profound importance of 

Akt1 and 2 gene expression in the prognosis of different cancers. In one such study, it 

was indicated that the increased expression of p-Akt1 was associated with decreased 

patient survival (Zhu et al 2015). Recently, a similar observation was made for the studies 
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Figure 2.7: Graphical summary of mutations of Akt isoforms present in 

HNSCC samples (n = 504) (www.cbioportal.org): A; Akt1, B; Akt2 and C; 

Akt3 isoforms. Green dots represent sites for which the majority of alterations 

are missense mutations. Black dots represent sites for which the majority of 

alterations are in-frame deletions. 
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Figure 2.8: The survival curve of the reference population showing the genetic 

alterations of A; Akt1, B; Akt2 and C; Akt3 isoforms in correlation with overall 

survival. The worst overall survival was observed in alterations related to Akt2 

followed by Akt1. For Akt3 the data could not be obtained.  
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Figure 2.9: The survival curve of the reference population showing the mutation 

alterations of A; Akt1, B; Akt2 and C; Akt3 isoforms in correlation with disease 

free survival. The disease free survival was 34.76 months. For Akt1 and Akt3 the 

data could not be obtained.  
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related to phosphorylated Akt1. It was used for predicting the locoregional recurrence in 

patients with oesophageal squamous cell carcinoma (ESCC). It was observed that 

increased expression of p-Akt1 correlates with decreased locoregional-progression free 

survival (LPFS) in patients with ESCC (Yu et al 2017). The Akt2 gene expression has 

also been correlated with the overall survival of NSCLC patients.  It was found that 

positive rate of p-Akt2 and Akt2 expression was associated with PFS as well as OS. 

Consequently, it appears that Akt1 and 2 both plays a significant role in clinical outcomes 

of cancer patients including oral cancer patients. Therefore, a through mechanistic 

approach must be undertaken in order to understand and decipher their distinct role in 

oral cancer development. 

2.4. CONCLUSION 

The IHC analysis of tissues of oral cancer samples have shown the overexpression of 

Akt1 and 2 isoforms while no significant change in Akt3 expression was found. Also, the 

increase in expression was correlated with aggressive tumor types and stages; though, 

gender-wise difference was absent. Furthermore, the mutational analysis of cancer 

samples obtained from TCGA portal showed that the maximum percentage of alteration 

was present in Akt1 followed by Akt3 and Akt2. Most of the mutations of Akt1 and 2 led 

to increase in the expression of Akt isoforms at mRNA level. However, the exact role of 

these mutations of Akt isoforms in oral cancer remains elusive. The survival analysis 

curve has shown that the patients carrying the genetic alteration in Akt1 and 2 isoforms 

have worst survival as compared to the Akt3 isoform. As a whole, it appears that both 

Akt1 and 2 isoforms may play significant role in oral cancer development and their 

precise mechanism of action need to be examined through in-depth analysis. 
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3.1. INTRODUCTION 

In the previous chapter, we have observed that Akt1 and 2 isoforms were overexpressed 

in oral cancer tissues as compared to the normal tissues. Therefore, we next analyzed 

what leads to the overexpression of Akt1and 2 in oral cancer. Since tobacco is known to 

be the major risk factor for oral cancer development and progression, we hypothesized 

that tobacco may induces the overexpression of Akt 1and 2 isoforms. Tobacco use is the 

leading preventable cause of premature death worldwide. In South East Asia especially in 

India and Pakistan, around 90% of global smokeless tobacco usage is prevalent (Khan et 

al 2012, Nisar and Iqbal 2011). Smokeless tobacco is used in many forms varying from 

chewing tobacco not mixed with any other ingredient to a mixture of tobacco with other 

ingredients such as in betel quid, areca nut with tobacco, Naswar, paan-masala with 

tobacco, Gutkha, Khaini, and Mishri. Smokeless tobacco contains around 28 known 

carcinogens. These include the non-volatile alkaloid-derived tobacco-specific N-

nitrosamine and N-nitrosamino acids, volatile tobacco-specific nitrosamines, volatile 

aldehydes, and some polynuclear agents have been found in smokeless tobacco (Rodu 

and Jansson 2004, Madani et al 2012, Khan et al 2014). In lung cancer and head and neck 

cancer, many studies have shown that the PI3K/Akt pathway gets activated on treatment 

with the tobacco and its components (West et al 2003, Tsurutani et al 2005). Moreover, 

studies particularly focused on Akt kinase have also indicated the activation of Akt 

through phosphorylation. The activation of Akt in response to tobacco components can 

increase in the cell survival through direct phosphorylation and inactivation of the pro-

apoptotic proteins like Bad and Bax. Also, Akt increases the cell survival by indirectly 

inducing the anti-apoptotic protein survivin and the transcription factor NF-κB. Tobacco 
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component-induced activation of Akt can also increase the cell growth and proliferation 

through the activation of the mTOR pathway ( Memmott and Dennis 2010, Macha et al 

2011, Islam et al 2014, Nooshinfar et al 2017). These studies have shown the direct 

associations of Akt with the promotion and progression of different cancers.  However, 

no reports on the effect of tobacco and its components on the oral cancer cells in relation 

to Aktisoform-specific associations are available. In the present study aqueous tobacco 

extract (TE), BAP, and nicotine were chosen to analyze the expression of Akt isoforms in 

oral cancer cells. Furthermore, in the earlier chapter, we observed that the genetic 

alterations present in Akt1 and 2 isoforms were responsible for poor PFS and DFS. 

Therefore, we hypothesized that overexpression of Akt1 and 2 isoforms might play a key 

role in the development and progression of oral cancer. Similar to our result, several lines 

of evidence have suggested that the overexpression of Akt1 and 2 isoforms in different 

cancers (Roy et al 2017). However, the specific role of Akt isoforms in the pathogenesis 

of the oral cancer is not well understood. Therefore, it becomes essential to understand 

the specific roles of Akt isoforms and the associated molecular mechanisms that 

determine the functional specificity in the process of oral carcinogenesis. In the present 

chapter, an attempt has been made to elucidate the functional role of Akt isoforms in oral 

cancer.  

3.2. MATERIALS AND METHODS 

3.2.1. Cell culture 

Human oral cancer cell line SAS was obtained from Rajiv Gandhi Centre for 

Biotechnology (RGCB), Trivandrum, India. The cells were maintained and seeded in six-
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well plates and cultured in Eagle's DMEM high glucose media supplemented with 10% 

v/v FBS at 37°C in a humidified 5% CO2 atmosphere.  

3.2.2. Preparation of TE  

The dried leaves of tobacco were purchased from the local market and it was powdered 

using mixer grinder. For the preparation of TE, 4g of dry leaf powder was dissolved in 

100ml of distilled water in a conical flask. It was stirred on an orbital shaker for 24h and 

then filtered, followed by lyophilization (Fig 3.1). The stock concentration of 50mg/ml 

was prepared and stored at 4oC for further experiments.  

3.2.3. Cell proliferation assay (MTT assay) 

To measure the proliferative effect of tobacco and its components, cell proliferation study 

was performed with the conventional MTT reduction assay on the SAS cancer cells. In 

short, the cells in the logarithmic phase of growth were seeded in 96-well plates at a 

density of 4,000 cells/100μl per well. The cells were allowed to grow for 24h for the 

acclimatization and treated with various concentrations of TE, BAP, and nicotine. For 

tobacco and BAP, the concentrations used between the ranges of 25-500ng/ml, and for 

nicotine the concentration chosen were between 0.05µM-1µM (a minimum of 6 wells 

were plated for each concentration). For the period of 0h and 24h 10µl of, MTT solution 

(5mg/ml) was added to each well and incubated for 2h. It was followed by the removal of 

the culture medium and the blue-violet formazan crystals were dissolved by adding 100μl 

of DMSO. Finally, the absorbance for each well was measured spectrophotometrically 

using a microplate reader (TECAN Infinite 200 PRO multimode reader) at 570 nm. The 

percentage of proliferation was calculated by normalizing with 0h absorbance and taking 

the untreated control as 100% and subsequently the IC50 was determined.  
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3.2.4. Reverse transcriptase-polymerase chain reaction (RT-PCR)  

Total RNA was extracted using Trizol reagent (Sigma) and cDNA synthesis was done by 

taking 2µl of 10X RT buffer (Invitrogen), 1µg of RNA, 2µl of 10X oligo dT primer, 

0.8µl of 25X dNTPs, and 1µl of SuperScript III Reverse Transcriptase enzyme and final 

volume was made to 20µl. The cDNA was synthesized according to manufacturer’s 

protocol. Nucleic acids were mixed with loading buffer and run on a 1 % 

agarose/ethidium bromide/1XTAE gel. 0.7µg Ready load 100bp DNA ladder (Invitrogen) 

was run as a standard. The gel band was quantified by Image lab software. 

 

 

 

 

 

 

 

 

Table 3.1: Primer sequences used for RT-PCR analysis. 

3.2.5. Transfection of SAS cells 

The silencing of Akt1 and 2 isoforms was accomplished by transfection with specific 

siRNAs. The sequence of siRNAs was obtained from the research of Hara et al 2008. 

Before initiating the transfection, the cells were allowed to reach 50%-60% confluency. 

For siRNA inhibition studies, siRNAs were transfected into the cells using the 

Lipofectamine RNAiMAX reagent (Invitrogen) as per the manufacturer’s instructions 

Gene Primer Pairs No. of 

Bases 

Annealing 

Temp (oC) 

Amplification  

length 

Akt1 5'- CACCATGAGCGACGTGGCTAT -3’ 21 61 1200 bp 

5'- CTGCATGATCTCCTTGGCGT -3' 20 

Akt2 5'- TTG CCAAGGATGAAG TCGCT -3’ 20 61 934 bp 

5'- AACCACCCAGCGGTGATGG -3' 20 

Akt3 5’- GTGAAAGAAGGTTGGGTTCA -3’ 22 53 1280 bp 

5’- CTAGTATCTGTCTCAGATGTT -3’ 25 

Alpha-

tubulin 

5′- TAT CGA GCG CCC AAC CTA CAC T -3′ 20 53 683 bp 

5′- CCT CAC CCT CTC CTT CAA CAG AAT C -3′ 21 
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with 10nM of siRNA and 7µl of transfection reagent per well of the six-well plate. After 

transfection, the cells were harvested after 24 hours for the protein extraction and 

additional analysis.  

3.2.6. Cell-cycle analysis 

The different phase of the cell cycle was analyzed by DNA flow cytometry analysis. SAS 

cells were cultured in 6-well plates overnight and then transfected with siRNA for Akt1 

and 2 isoforms. Scramble siRNA was used as a negative control. Initially, the cells were 

trypsinized and fixed in cold 70% ethanol for 1h and then stained with propidium iodide 

(PI) solution (10μg/μl PI and 0.125% RNaseA; Sigma Aldrich, St. Louis, MO) at room 

temperature for 15 minutes. An average of 10,000/sample cells was examined utilizing 

Cytomic FC500 flow cytometer (BD Biosciences FACSCalibur) with excitation at 488 

nm and emission at 617 nm. The percentages of cells in each cell-cycle phase were 

analyzed using FCS express software.  

3.2.7. Clonogenic assay 

For the clonogenic assay, 2000 or 1000 cells of untreated and tobacco and its 

components-treated were seeded in 3ml fresh media in six-well plate and incubated for 

10 days with media replacement in 3 days consecutively. After 10 days, formed colonies 

were fixed with chilled 6.0% glutaraldehyde, stained with crystal violet (4% w/v) for 2 

min and then counted. The plating efficiency and survival fraction were further 

determined (Franken et al 2006). 

Plating efficiency (%) = ((Number of colonies counted/Number of cells plated)) ×100 

Survival fraction = (Plating efficiency of treated cells/Plating efficiency of control cells) 

3.2.8. Migration assay 
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To perform migration assay, 7 X 105 cells were plated into 6-well cell culture plate. Cells 

were allowed to grow in 10% FBS containing DMEM to confluence, later it was washed 

with serum-free medium and serum starved for 8h. A wide scratch was made across the 

cell layer using a 10μl sterile pipette tip. Plates were photographed immediately after 

scratching. Cells were treated with tobacco and its components. Plates were 

photographed after 12h and 24h at the identical location of the initial image (Rodriguez et 

al 2005, Liang et al 2007). 

3.2.9. Flow cytometric assessment of cell viability 

The effect of knockdown of Akt1 and 2 on the cell viability was evaluated by propidium 

iodide (PI) exclusion assay through FACS. Transfected cells were collected together with 

dead floating cells in the medium, washed with 1X PBS twice before re-suspension in PI 

to achieve a final concentration of 10μg/ml PI and the % of dead cells up-taking PI was 

measured by flow cytometry (BD Biosciences FACSCalibur) with excitation at 488nm 

and emission at 617nm. 

3.2.10. Protein extraction and western blot analysis 

Protein extraction and western blot analysis were performed to examine the expression of 

Akt isoforms and other proteins. Briefly, the SAS cells were used for total cell lysate 

preparation. Homogenization of the sample was accomplished in 100µl of Lysis buffer 

containing fresh protease and phosphatase inhibitors (20mM HEPES, 2mM EDTA, 

250mM NaCl, 0.1% Triton-X, 2μg/ml aprotinin, 1mM PMSF, 0.5μg/ml of DTT, 2μg/ml 

leupeptin). The concentration of the protein in lysates was determined by Bradford assay, 

with BSA as standard. Aliquots of samples were stored at -80°C until use. 40 µg of 

proteins were resolved by SDS-PAGE using the mini-PROTEIN 3-electrophoresis 
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module assembly (Bio-Rad, Hercules, CA). It was further transferred to a nitrocellulose 

blot membrane (Amersham Biosciences) through a transfer apparatus as per the 

manufacturer’s protocols (Bio-Rad). The membrane was then incubated with 5% nonfat 

milk in TBST buffer (10mM Tris, pH 8.0, 150mM NaCl, 0.5% Tween 20) for 2h, the 

membrane was washed thrice with TBST buffer and incubated with antibodies against 

Akt1 (2938, 1:1000, Cell signaling tech), Akt2 (2964, 1:1000, Cell signaling tech), Akt3 

(3788, 1:1000, Cell signaling tech 1:1000) and GAPDH (2118S, 1:1000, Cell signaling 

tech) at 4°C for overnight. Membranes were washed three times for 10 min each and 

incubated with a 1:6000 dilution of horseradish peroxidase-conjugated anti-rabbit 

(ab97080, Abcam) and anti-mouse secondary antibody (ab97040, Abcam) for 3 hours. 

Blots were washed with TBST thrice and developed with Optiblot ECL Detection Kit 

(ab133406, Abcam). Densitometry analysis on the developed blots was performed by the 

NIH Imager software (NIH, Bethesda, MD). 

3.2.11. Statistical analysis 

One-Way ANOVA was used to test the statistical significance of the differences between 

the various group parameters.  p values of less than 0.05 were considered statistically 

significant. 

3.3. RESULT AND DISCUSSION 

In the present chapter, we have examined the effect of TE and other tobacco components 

such as BAP and nicotine on SAS oral cancer cells in relation to Akt isoforms. Initially, 

we determine the effect TE, BAP and nicotine on the proliferation of SAS cells. Then, we 

analyzed their effect on the expression of Akt isoforms by semiquantitative PCR. 

Moreover, we also determined their effect on clonogenicity and migration of SAS cells. 
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To establish the role of Akt1 and 2 in oral cancer we silenced these genes using siRNA 

technology and further examined their outcome. 

3.3.1. Effect of TE, BAP, and nicotine on the proliferation of SAS cells 

Initially, the effect of TE, BAP, and nicotine was assayed to check their effect on the 

proliferation of SAS cells. After 24h of incubation with TE and nicotine, it was found 

that it induces the proliferation of SAS cells. Though, for BAP the increase in the 

percentage of proliferation was not significant (Fig 3.1 and 3.2). In line with our result, 

the earlier reports have also suggested that exposure of tobacco on cancer cells to 

increase the proliferation of cells (Tsurutani et al 2005, Sobus and Warren, 2014). 

Moreover, many reports have suggested that BAP exposure can also lead to increase in 

the proliferation of normal and several cancer cells such as ovarian, breast, lung, gastric 

etc (Stopper et al 2003, Burdick et al 2003, Kometani et al 2009, Wei et al 2016). 

Nicotine also has been associated with various cancers such as lung cancer, head and 

neck, gastric, pancreatic, gallbladder, liver, colon, breast, cervical, urinary bladder and 

kidney cancers (Grando 2014). Nicotine and its derivatives can initiate tumorigenesis via 

nicotinic acetylcholine receptors (nAChRs) in target cells (Arrendondo et al 2006). It is 

also known to increase the proliferation of immortalized oral keratinocytes and other 

cancer cells (Lee et al 2005, Schaal and Chellappan 2014). Furthermore, nicotine was 

also shown to promote tongue squamous cell carcinoma progression (Wang et al 2017).  

3.3.2. Effect of TE, BAP, and nicotine on the expression of Akt isoforms in SAS cells 

The effect of tobacco and its components were checked on the expression of Akt 

isoforms (Fig 3.1 and 3.2). It was found that after 24h treatment of TE, BAP, and nicotine 

increased the transcript level of Akt1 and 2 whereas no significant change in Akt3  
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Figure 3.1: Effect of TE on the expression of Akt isoforms in oral cancer. A; 

Schematic representation of method used for preparation of TE, B; Effect on the 

proliferation as analyzed by MTT assay. (% Proliferation values shown are the 

average of two independent experiments), C; RT-PCR analysis of the expression of 

Akt isoforms on treatment of TE, D; Bar graph of mRNA expression of Akt 

isoforms in TE treated SAS cells over untreated control. Fold change in the 

expression was analyzed using Image Lab software. Data are means ± SE*= 

p<0.05.  
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Figure 3.2: Effect of BAP and nicotine on the expression of Akt isoforms in oral 

cancer. A and E; Structure of BAP and nicotine, B and F; Effect of BAP and 

nicotine on the proliferation as analyzed  MTT assay. (% Proliferation values 

shown are the average of two independent experiments), C and G; RT-PCR 

analysis of the expression of Akt isoforms on treatment of BAP and nicotine, D 

and H; Bar graph of mRNA expression of Akt isoforms in BAP and nicotine-

treated SAS cells over untreated control. Fold change in the expression was 

analyzed using Image Lab software. Data are means ± SE *= p<0.05.  
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isoform was found. Increasing lines of evidence suggested the Akt isoform-specific 

involvement in tobacco-induced cancer. In one such study, it was shown that Akt1 plays 

an important role in lung cancer development and its deletion can prevent lung 

tumorigenesis by mutant K-ras. It was also observed that the deletion of Akt1 or Akt2 

reduced the NNK-induced lung tumor formation by 90% but deletion of Akt2 alone 

failed to decrease the lung tumorigenesis in two other mouse models driven by mutant K-

ras (Hollander et al 2011a, Hollander et al 2011b).  In case of urothelial cell carcinoma, it 

was found that both Akt1 and 2 was upregulated along with HRAS and RAC1 in 

tobacco-treated samples (Brait et al 2013). 

3.3.3. Silencing of Akt1 and 2 in SAS cells 

To understand the role of Akt1 and 2 in oral cancer, we have silenced these isoforms in 

SAS cells using siRNA technology. Synthetic siAkt1 and siAkt2 was transfected into 

SAS cells at a concentration of 10nM, and the effect was evaluated by Western blot 

analysis. It was observed that the specific siRNAs reduced the expression of the 

respective gene by 80–90% and the effects were found to be isoform-specific (Fig 3.3).  

3.3.4. Effect of silencing Akt1 and 2 isoforms in cell cycle arrest of SAS cells  

The effect of silencing of Akt1 and 2 isoforms was analyzed on the cell cycle arrest of 

SAS cells. It was found that the ablation of Akt1 and 2 induces the cell cycle arrest in 

G2/M phase (Fig 3.3). Similar to our result, an earlier report has also indicated the 

involvement of Akt in the G2/M cell cycle arrest. It was shown that activation of Akt can 

overcome a G2/M cell cycle checkpoint (Kandel et al 2002). Moreover, in another study 

of NSCLC, the treatment of Akt2 siRNA was found to arrest cell at G2/M phase (Lee et  
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Figure 3.3: Knockdown of Akt1 and Akt2 in SAS cells through siRNAs and the 

effect on cell cycle arrest, A and C; Specific gene silencing of Akt1 and Akt2 by 

siRNA (siAkt1 and siAkt2) as analyzed by western blot assay, B and D; Fold 

change in expression of proteins on Akt1 and Akt2 knockdown, Representative 

image of the cell cycle distribution as determined by DNA flowcytometric 

analysis in E; siC-treated cells, F; siAkt1-treated cells, G; siAkt2-treated cells, H; 

Bar graph showing the % of cells in G1, G2 and S phase. Fold change in the 

expression was analyzed using Image Lab software. Data are means ± SE *= 

p<0.05. 
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al 2011). It is believed that the arrest in the G2/M phase leads to apoptosis of cancer cells 

(DiPaola 2002).  

3.3.5. Effect of tobacco components and silencing of Akt1 and 2 isoforms on the 

clonogenicity of SAS cells 

The effect of tobacco and its components were examined on the clonogenic potential of 

cancer cells. Subsequently, the effect of silencing of Akt1 and 2 isoforms was analyzed in 

the same experimental conditions. The tobacco-treated samples were found to have 

increased potential for colony formation up to certain concentration. The treatment of TE 

up to 250ng/ml increased the colony forming efficiency up to 1.6 fold. In case of BAP 

treatment the survival capacity was increased up to 250ng/ml it was increased the 

survival fraction was found to be 1.7 times. A similar report was also presented by 

Barkley and Santocanale where they proposed that it is benzo(a)pyrene dihydrodiol 

epoxide (BPDE) regulates cell survival through MicroRNA-29a (Barkley and 

Santocanale 2013). However, contrasting results were also observed in breast cancer 

where survival efficiency was reported to be reduced on the treatment with BAP (Davis 

et al 2002, Hewitt et al 2007). The treatment of nicotine was found to increase the 

clonogenic potential up to 0.5μM concentration with a survival fraction reaching to a 

maximum of 1.3 (Fig 3.4-3.6). In line with our observation, few reports have shown that 

both nicotine and BAP can increase the clonogenic potential of cancer cells. In HNSCC 

also nicotine was shown to enhance the ability of 10B and HN-1 cells to form colonies 

under low serum conditions, suggesting increased survival capacity (Yu et al 2012). In 

addition, Puliyappadamba et al have shown that the nicotine-induced increase in the 

number and size of the clones in H1299 and A549cells (Puliyappadamba et al 2010). The 
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effect of knockdown of Akt1 and 2 isoforms by siRNAs on colony forming potential was 

also analyzed. It was observed that silencing of Akt1 and 2 lead to the reduction in the 

potential of colony formation of SAS cells. The level of reduction of colony forming 

efficiency was similar in both Akt1 and 2 knockdown cells. Moreover, it was found that 

the silencing caused the reduction in the TE, BAP, and nicotine-induced clonogenic 

potential (Fig 3.4- 3.6). Several lines of evidence have suggested the association of Akt 

pathway in assisting the colony forming potential of different cancer such as 

glioblastoma, breast cancer, pancreatic cancer, esophageal cancer etc (Qi et al 2013, 

Cairns et al 2018, Taga et al 2009, Li et al 2014). The involvement of specific Akt 

isoforms has also been implicated in different cancers through regulation of various 

molecular mediators. The silencing of each Akt isoforms caused a decrease in the colony 

forming efficiency of glioma cells. However, the effect was more pronounced in Akt2 

and 3-knockdown cells than Akt1 isoform (Joy et al 2016, Mure et al 2009). Although, in 

another study of glioblastoma cell lines, only Akt3 isoform was found to be important for 

colony formation while no such significant change was observed for Akt1 and 2 isoforms 

(Endersby et al 2011). In case of lung cancer, the treatment of Akt1 siRNA markedly 

decreased the colony but Akt2 siRNA had no such effect on the cancer cells (Lee et al 

2011). The neuroendocrine tumor cells have shown the reduction in the colony forming 

ability of Akt1 and Akt3-knockdown cells while Akt2-knockdown was showing the 

opposite effect (Zitzmann et al 2012). Furthermore, in case of chronic myeloid leukemia, 

pharmacological inhibition of either Akt1 or Akt2 separately or Akt1 and 2 in 

combination was ineffective in reducing the colony formation of BCR-ABL transformed 

cells. However, the inhibitions of all the isoforms by an inhibitor successfully caused the  
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Figure 3.4: Effect of TE and silencing of Akt1 and 2 on the survival of SAS 

cells. A, C, and E; Representative image showing the clonogenic potential of 

SAS cells on treatment with TE and silencing of Akt1 and Akt2 isoforms, B, D, 

and F Bar graph of clonogenic assay revealing the survival efficiencies of TE-

treated SAS cells and silencing of Akt1 and Akt2 isoforms (siC; Scramble 

control, siAkt1; siRNA for Akt1, siAkt2; siRNA for Akt2, TE; 50ng/ml TE). 

Data are means ± SE *= p<0.05. 

TH-2039_ 10610605



Chapter 3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

74 

 

Figure 3.5: Effect of BAP and silencing of Akt1 and 2 on the survival of SAS 

cells. A, C, and E; Representative image showing the clonogenic potential of 

SAS cells on treatment with BAP and silencing of Akt1 and Akt2 isoforms, B, D; 

and F; Bar graph of clonogenic assay revealing the survival efficiencies of BAP-

treated SAS cells and silencing of Akt1 and Akt2 isoforms (siC; Scramble 

control, siAkt1; siRNA for Akt1, siAkt2; siRNA for Akt2, BAP; 50ng/ml of 

BAP). Data are means ± SE *= p<0.05. 
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Figure 3.6: Effect of nicotine and silencing of Akt1 and 2 on the survival of SAS 

cells. A, C, and E; Representative image showing the higher clonogenic potential 

of nicotine-treated SAS cells which was further reduced by silencing of Akt1 and 

Akt2 gene, B, D, and F;  Bar graph showing the survival fraction of SAS cells 

(siC; Scramble control, siAkt1; siRNA for Akt1, siAkt2; siRNA for Akt2, 

nicotine; 0.5μM of nicotine). Data are means ± SE *= p<0.05. 
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elimination of colony forming potential of cancer cells (Watkins 2012). From these 

studies, it becomes evident that these isoforms play a discrete role in colony formation in 

different cancers. 

3.3.6. Effect of tobacco components and silencing of Akt1 and 2 isoforms on the 

migration of SAS cells 

For analyzing the migration of cancer cells on induction with TE, BAP, and nicotine and 

silencing of Akt1 and 2 isoforms, the wound healing assay was performed. On increasing 

the concentration of TE it was found that percentage of wound area significantly 

decreased and it healed in most of the treated concentration in 24h interval time. For BAP 

and nicotine also with an increase in the concentration of the compound the percentage of 

wound area reduced, though the healing capacity was less as compared to TE as most of 

the treated wounds were not healed in 24h (Fig 3.7-3.9). There are several reports 

available which have suggested that tobacco and its components can increase the 

migration potential of different cancer such as breast, colon and lung cancers (Hung et al 

2011, Wei et al 2011, Di Cello et al 2013, Warren and Singh 2013, Sobus and Warren 

2014). Recently, a report from Zhang and group have suggested that BAP promotes lung 

cancer A549 cell migration and invasion through up-regulating the cytokine IL8 and 

chemokines CCL2 and CCL3 expression (Zhang et al 2016). The silencing of Akt2 gene 

led to the reduction in the migration potential of the cancer cells as compared to the 

untreated cells. However, silencing of Akt1 failed to decrease the migration potential of 

SAS cells (Fig 3.10-3.12). In consistent with the observation made, a similar result was 

shown in breast cancer where cell migration was reduced on knockdown of Akt2 by 

shRNA (Riggio et al 2017). In mesencymal stem cells also, it was observed that  
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Figure 3.7: Effect of TE on the migration of SAS cells. A; Representative 

image of the cell migration in control and TE-treated SAS cells after 12 hours 

(12 hr) and 24 hours (24 hr), B; The % of cell-covered area (wound area) are 

shown in the bar diagram as mean ±SE from two independent experiments 

Percentage of wound area was estimated using Image J software. 
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Figure 3.8: Effect of BAP on the migration of SAS cells. A; Representative 

image of the cell migration in control and BAP-treated SAS cells after 12 hours 

(12 hr) and 24 hours (24 hr), B; The % of cell-covered area (wound area) are 

shown in the bar diagram as mean ±SE from two independent experiments 

Percentage of wound area was estimated using Image J software. Data are means 

± SE *= p<0.05.  
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Figure 3.9: Effect of nicotine on the migration of SAS cells. A; Representative 

image of the cell migration in control and nicotine-treated SAS cells after 12 

hours (12 hr) and 24 hours (24 hr), B; The % of cell-covered area (wound area) 

are shown in the bar diagram as mean ±SE from two independent experiments 

Percentage of wound area was estimated using Image J software. Data are 

means ± SE *= p<0.05. 
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Figure 3.10: Effect of TE and silencing of Akt1 and 2 on the migration of SAS 

cells. A; Representative image of the cell migration in control, TE-treated and 

transfected SAS cells after 12 hours (12 hr), B; The % of cell-covered area 

(wound area) are shown in the bar diagram as mean ±SE from two independent 

experiments Percentage of wound area was estimated using Image J software 

(siC; Scramble control, siAkt1; siRNA for Akt1, siAkt2; siRNA for Akt2, TE; 

50ng/ml of TE). Data are means ± SE *= p<0.05.  

TH-2039_ 10610605



Chapter 3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

81 

 

Figure 3.11 Effect of Effect of BAP and silencing of Akt1 and 2 on the 

migration of SAS cells. A; Representative image of the cell migration in 

control, BAP-treated and transfected SAS cells after 12 hours (12 hr), B; The 

% of cell-covered area (wound area) are shown in the bar diagram as mean 

±SE from two independent experiments Percentage of wound area was 

estimated using Image J software (siC; Scramble control, siAkt1; siRNA for 

Akt1, siAkt2; siRNA for Akt2, BAP; 50ng/ml of BAP). Data are means ± SE 

*= p<0.05.  
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Figure 3.12: Effect of Effect of nicotine and silencing of Akt1 and 2 on the 

migration of SAS cells. A; Representative image of the cell migration in 

control, nicotine-treated and transfected SAS cells after 12 hours (12 hr), B; 

The % of cell-covered area (wound area) are shown in the bar diagram as mean 

±SE from two independent experiments Percentage of wound area was 

estimated using Image J software (siC; Scramble control, siAkt1; siRNA for 

Akt1, siAkt2; siRNA for Akt2, nicotine; 0.5μM of nicotine). Data are means ± 

SE *= p<0.05.  
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pharmacological inactivation of Akt2 but not Akt1 significantly decreased cell migration 

and invasion (Bulj et al 2013). However, in lung cancer, partial reduction in wound 

healing migration was observed in Akt2 knockdown cells while the prominent effect was 

observed in Akt1 knockdown cells (Lee et al 2011). Interestingly, in prostate cancer cells 

both Akt1 and 2 was reported to work as negative regulators of cell migration and 

invasion (Virtakoivu et al 2012). Subsequently, analysis of the effect of tobacco 

components on directional cell migration and effect of Akt2 knockdown on it was 

studied. The TE (50ng/ml), BAP (50ng/ml) and nicotine (0.05μM) increased the 

aggressiveness of the cancer cells by increasing their migration potential as compared to 

the non-treated cells. Furthermore, this assisted migration was reduced by knockdown of 

Akt2 gene on SAS cells.  

3.3.7. Effect of silencing Akt1 and 2 isoforms on the survival of SAS cells  

The effect of Akt1 and 2 gene silencing was examined on the viability of SAS cells by PI 

exclusion method using FACS. It was found that the knockdown of Akt1 and 2 was 

cytotoxic to cancer cells as near to 26% of cell death was induced (Fig 3.13). The 

previous studies have also suggested the importance of Akt1 and 2 in cell survival and it 

might be achieved through different routes (Lee et al 2011, Sugatani et al 2005, Calamito 

et al 2010). Kim et al 2009 have shown that Akt2, but not Akt1, is required for cell 

survival upon UV irradiation and it prevents UV-induced cell death by inhibiting 

activation of JNK and p38. A similar observation was also made for cardiomyocyte 

where Akt2 was found to be critical for their survival and metabolism (Muslin 2011).  

However, it has been shown that PTEN-deficient tumors are dependent on Akt2 for 

maintenance and survival but not Akt1 (Chin et al 2014b). 
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3.3.8. Effect of silencing of Akt1 and 2 isoforms on the proteins associated with cell 

survival and proliferation. 

The western blot analysis has shown that the expression of cell survival and proliferation-

related proteins was decreased in Akt1 and 2 knockdown cells (Fig 3.13). The effect was 

found to be more prominent in Akt2-knockdown cells than Akt1. The expression of Cox-

2 was found to be decreased in Akt1 and 2 knockdown cells. Various reports have 

suggested that the Cox-2 is an important molecular mediator of apoptosis in different 

cancer cells such as colorectal, breast, prostate, and blood cancers. Also, in endometrial 

and lung cancer, it is reported it to be a downstream target of Akt and takes an active part 

in the process of apoptosis of cancer cells (Sobolewski et al 2010, St-Germain et al 2004, 

Chen et al 2010, Yu et al 2012). The knockdown of Akt2 caused a marked decrease in the 

expression of Cyclin D1, Bcl-2 and Survivin while no significant change was observed in 

case of Akt1-knockdown cells. Cyclin D1 is known to encode the regulatory subunit of 

the holoenzyme which is involved in phosphorylation and inactivation of retinoblastoma 

protein thus promoting the progression of cells through G1/S phase of the cell cycle (Fu 

et al 2004). Several lines of evidence have indicated that the PI3K/Akt pathway is a 

strong activator of Cyclin D1 that is involved in apoptosis. It is well known that GSK-3 is 

involved in Cyclin D1 degradation which is inactivated by Akt through phosphorylation 

(Chang et al 2003). Though in our study, we found that silencing of Akt2 led to the 

reduction in the expression of Cyclin D1 but cell cycle arrest was not observed in G1 

phase but in G2 suggesting some other novel mechanisms by which cells are undergoing 

apoptosis. In lung and breast cancer, contrary to our result, it was shown  
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Figure 3.13: Effect of silencing of Akt1 and 2 isoforms on cell death and proteins 

associated with cell survival and proliferation. A; siC, B; siAkt1 and C; siAkt2 as 

analyzed by PI uptake method, D; Bar graph showing the percentage of cell death, 

E and G; Effect of gene silencing of Akt1 and Akt2 by siRNA (siAkt2) in SAS 

cells as analyzed by western blot assay, F and H;  Relative bar graph showing the 

fold change of proteins of Cox-2, Cyclin D1, Bcl-2 and Survivin in Akt1 and Akt2-

knockdown SAS cells over scramble control. Fold change in the expression was 

analyzed using Image Lab software. Data are means ± SE *= p<0.05.  
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that Akt1 modulates the expression of Cyclin D1 but not Akt2 (Grabinski et al 2011, 

Riggio et al 2017). Akt activation is believed to be an important signaling pathway that 

suppresses apoptosis pathways, in part by regulation of members of the Bcl-2 family of 

proteins which include Bcl-2, an anti-apoptotic protein (Song et al 2005, Green et al 

2013). The Pugazhenthi and group have reported that the Akt upregulates Bcl-2 

expression through cAMP-response element-binding protein (Pugazhenthi et al 

2000).The expression of survivin is known to be regulated by a number of cell survival 

signaling cascades, which includes PI3K/Akt in different cancers (Chen et al 2016).  

3.4. CONCLUSION 

The treatment of TE and other tobacco components such as BAP and nicotine was found 

to increase the aggressiveness of cancer cells in terms of proliferation, clonogenic and 

migration potential. Furthermore, their treatment caused the increase in the transcript 

level of Akt1 and 2 gene isoforms. In addition, the silencing of Akt1 and 2 isoforms 

caused cell cycle arrest in G2/M phase and it induces cell death in oral cancer cells 

through apoptosis. Moreover, the silencing of Akt1 and 2 was able to reduce the normal 

and tobacco-induced clonogenic potential of oral cancer cells. However, silencing of 

Akt2 isoform only decreased the migration potential of cancer cells but no such effect 

was observed in case of Akt1-knockdown cells. Further, the expression of different 

molecular mediators involved in apoptosis was found to get decreased in Akt1 and 2-

knockdown cells. Though, this effect was more prominent in case of Akt2-knockdown 

cells. Overall, it appears that Akt1 and 2 both are involved in the pathogenesis of oral 

cancer cells albeit through different mechanism affecting the different process of 

carcinogenesis. 
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4.1. INTRODUCTION   

In the previous chapters we have observed that, out of the three Akt isoforms, only Akt1 

and 2 isoforms play a major role in oral neoplasia. Moreover, it was found that both Akt1 

and 2 regulate the distinct process of oral cancer pathogenesis. Furthermore, on 

examining the effect of pure TE and other tobacco components such as BAP and nicotine 

on the expression of Akt isoforms, it was ascertained that only the expression of Akt1 and 

2 varies while the Akt3 remains unchanged.  Despite the fact that, the structures of Akt 

isoforms are similar but their non-conserved residues are different, which might 

contribute in differential interactions with various inhibitors. There are many reports 

available which suggest that the non-conserved residues present in the catalytic pockets 

as well as outside lead to differential activity in the interactions with the inhibitors due to 

the involvement of different types of interactive bonds such as hydrophobic bond, 

lipophilic forces, van der wall forces etc (Frazzetto et al 2008). Moreover, it is 

noteworthy that the mutations in the non-conserved residues are very critical and have a 

significant clinical outcome towards applied treatment indicating that these residues 

might play an important role in the interactions (Vogiatzi and Giordano 2007). Therefore, 

in the present chapter we hypothesize that the general Akt kinase inhibitors can further be 

demarcated into Akt isoform-specific inhibitors based on the difference in the interaction 

with the available inhibitors. Moreover, it is well known fact that, nature has the vast 

reserve of countless drugs with enormous potential against many human diseases 

including cancer. The present day has observed a considerable shift in research related to 

drug development from natural products. Until now, approximately 50% of the drugs are 

derivative of botanicals, and this enormous resource is yet to be explored to the fullest for 
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developing the efficacious novel chemotherapeutic agents against cancer. Hence, we also 

consider the natural compounds for our study and attempted to group the available 

natural compounds into Akt isoform-specific inhibitors. 

4.2. MATERIALS AND METHODS 

4.2.1. Data retrieval 

The structure of different natural agents and general Akt inhibitors were obtained from 

the Pubchem database to demarcate them more specifically into isoform-specific 

inhibitors (Fig 4.1 and 4.2). The amino acid sequences of human Akt1, Akt2 and Akt3 

were derived from UniProtKB/Swiss-Prot (http://www.uniprot.org/; IDs: P31749, 

P31751, Q9Y243, respectively). The 3D structure of human Akt1 and 2 were obtained 

from Protein Data Bank (PDB, http://www.rcsb.org) having PDB ID of 3MVH and 3E9D 

respectively. These are crystal structures of the kinase domain of Akt1 and 2 in complex 

with ATP-competitive inhibitors. These structures were selected for the study of the 

docking targeting the ATP-competitive inhibitors and it needed a clue for the ATP-

competitive site from the bound ATP-competitive inhibitor. Different natural agents were 

selected for the docking studies.  

4.2.3. Protein sequence alignment of Akt isoforms and homology modeling of human 

Akt3 

The protein sequences of Akt isoforms was aligned using PRofile ALIgNEment 

(PRALINE) which is a fully customizable multiple sequence alignment application. In 

addition to a number of available alignment strategies, this application can integrate 

information from database homology searches to generate a homology-extended multiple 

alignments (http://ibivu.cs.vu.nl/programs/pralinewww/) (Simossis and Heringa 2005).  
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Figure 4.1: Structures of natural inhibitors used for the docking studies and their 

sources. The structures of the inhibitors were obtained from the Pubchem database 

(Image courtesy: Annexure I). 
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Figure 4.1contd: Structures of natural inhibitors used for the docking studies and their 

sources. The structures of the inhibitors were obtained from the Pubchem database 

(Image courtesy: Annexure I). 
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Figure 4.1contd: Structures of natural inhibitors used for the docking studies and their 

sources. The structures of the inhibitors were obtained from the Pubchem database 

(Image courtesy: Annexure I). 
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Figure 4.1contd: Structures of natural inhibitors used for the docking studies and their 

sources. The structures of the inhibitors were obtained from the Pubchem database 

(Image courtesy: Annexure I). 
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Figure 4.1contd: Structures of natural inhibitors used for the docking studies and their 

sources. The structures of the inhibitors were obtained from the Pubchem database 

(Image courtesy: Annexure I). 
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Figure 4.2: Structures of general Akt kinase inhibitors used for the docking studies. 

The structures of the inhibitors were obtained from Pubchem database. 
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The homology model of human Akt3 was obtained by submitting the sequence in 

ModWeb Server. ModWeb is a web server for automated comparative modeling that 

relies on PSI-BLAST, IMPALA and MODELLER used for protein structure modeling 

(http://salilab.org/modweb) (Sanchez and Sali 1998). It accepts one or many sequences in 

the FASTA format (Pearson 2000) and calculates models for them depending on the best 

available template structures from the Protein Data Bank (PDB) (http://www.rcsb.org) 

(Berman et al 2002). The model was generated by ModWeb version r175 based on the 

template of Akt1 (PDB id: 4EJN) with which it showed 87% sequence identity. The 

model was generated by considering different modes of selection criteria such as MPQS, 

TSVMOD, Longest DOPE, and DOPE (Sali and Blundell 1993). The evaluation of 

generated model was assessed for stereochemical properties by using PROCHECK 

(Laskowski et al 1993). 

4.2.4. Molecular docking 

Molecular docking of the Akt isoforms, Akt1, Akt2 and Akt3 was performed by using 

Schrödinger Glide software within Maestro 9.5.  The used software undertakes a 

correction of the raw PDB structure by incorporating some modifications such as the 

addition of hydrogen atoms, assigning bond orders, creating disulfide bonds, fixing of the 

charges, and orientation of groups. To start with the process the protein was first prepared 

with the help of Protein Preparation wizard. The selected inhibitors were prepared by 

using LigPrep for the corrections on the ligands including the addition of hydrogens, 

bond lengths and bond angles, low energy structure, and ring conformation etc succeeded 

by minimization and optimization in the optimized potential for liquid simulations (OPLS 

2005) force field. For docking analysis, Glide; a ligand docking program was used for 
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predicting the protein-ligand binding modes and ranking of ligands was performed 

through high-throughput virtual screening. Glide molecular docking needs an X-ray 

crystal structure of protein complexed with ligands for determining the active site 

receptor grid. Receptor grid-based molecular docking helps the ligands to bind in more 

than one possible conformation. Glide examines for favorable interactions between one 

or more ligand molecules and a protein. The van der Waals radii of the receptor atoms 

with partial atomic charges should be less than the specified cutoff. The scaling factor 

and partial charge cutoff were 1 and 0.25A°, respectively. The G score was calculated in 

kcal/mol and it includes ligand–protein interaction energies, hydrophobic interactions, 

hydrogen bonds, internal energy, p–p stacking interactions, and root mean square 

deviation (RMSD) and desolvation. For the present study, XP Glide Score was used to 

group the inhibitors. Grids were generated using Glide version 9.5 as per the standard 

procedure recommended by Schrodinger (Schrödinger et al., 2013). 

4.3. RESULT AND DISCUSSION 

4.3.1. Protein sequence alignment of Akt isoforms and homology modeling of human 

Akt3 

The protein sequence alignment of Akt isoforms was performed to explore the dissimilar 

residues and to analyze their role in the interactions with the inhibitors. A PRALINE 

amino acid alignment of the Akt isoforms highlights the conserved residues and the 

divergent residues as well (Fig 4.3). The percent sequence identity was found to be 0.81. 

The consistency score of 5 or less than that are considered to be unreserved (Simossis and 

Heringa 2005). The 3D structure of human Akt3 having around 484 amino acids was 

generated using Akt1 as a template by using ModWeb version r175. MODWEB relies on 

MODPIPE, a completely automated software pipeline for comparative protein structure  
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Figure 4.3: Multiple sequence of Akt isoforms (Akt1, Akt2 and Akt3) using 

PRALINE alignment program along with conservedness scale to show the 

conserved and non-conserved region Akt isoforms. 
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modeling, which can calculate comparative models for a large number of protein 

sequences, using many different template structures and sequence-structure alignments. 

Sequence-structure matches are established by aligning the PSI-BLAST sequence profile 

of the target sequence against each of the template sequences extracted from PDB, as 

well as by scanning the target sequence against a database of the template profiles using 

IMPALA. Significant alignments covering distinct regions of the target sequence were 

chosen for modeling. Models were calculated for each of the sequence-structure matches 

using MODELLER (Pieper et al 2006, Bairoch et al 2005, Benson et al 2013, Eswar et al 

2003, Shen et al 2006).  The modeled structure of the Akt3 protein was found to be 

similar to other Akt isoforms having a bilobed structure with a deep cleft between the 

lobes. The smaller N-terminal lobe has a twisted five-stranded antiparallel β sheet and a 

partially ordered α helix (αC). The larger C-terminal domain contains mostly of α helices 

(Sanchez and Sali 1998, Huang et al 2003). These structures of Akt isoforms were chosen 

for the docking study (Fig 4.4). Further, the Akt3 modeled protein structure was analyzed 

by generating Ramachandran Plot through PROCHECK (Fig 4.4). The PROCHECK suite 

of programs provides a detailed check on the stereochemistry of a protein structure. Its 

outputs comprises of a number of plots in PostScript format and a comprehensive 

residue-by-residue listing. It provides an evaluation of the overall quality of the structure 

in comparison to well-refined structures of the same resolution and also highlights the 

regions that may need further investigation. The PROCHECK programs are useful not 

only for assessing the quality of protein structures in the process of being solved but also 

for existing structures and of those being modeled on known structures. It is based on an 

analysis of 118 structures of resolution of at least 2.0 Angstroms and R-factor no greater  
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Figure 4.4: Structures of different isoforms of Akt obtained from the PDB 

database; A) Akt1, B) Akt2 and C) Akt3 (generated model ofAkt3 from modeller 

program). Ramachandran plot of modeled structure of Akt3 protein validated by 

PROCHECK program showing the percentage of amino acid residues present in 

allowed and disallowed region based on the psi and phi angles forming between 

amino acid residues.  

 

Table 4.1: Stereochemical evaluation of obtained Akt3 model in Ramachandran 

Plot analysis using Procheck. The stereochemical data showed the allowed and 

disallowed region for the present amino acid residues and dihedral angles 

present between the amino acid residues which show the favorability of the 

generated model for Akt3 protein. 
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than 20.0, a good quality model would be expected to have over 90% in the most favored 

regions (A, B, L) (Laskowski et al 1993). The obtained Ramachandran plot presented 

good quality of model having 89.9% of residues in the most favored region, 8% in 

additional allowed region, and 1% in the generously allowed region (Table 4.1). The 

previous studies have also considered a good model if 89.9% of residues reside in most 

favored region and proceeded for further studies (Krebs et al 2016, Ohno et al 2005, 

Huang et al 2009).  

4.3.2. Molecular docking 

Docking was achieved with the Glide (Grid-based Ligand Docking with Energetics) 

program, version 10.3. For docking, the scoring grids were centered on the crystal 

structure of ATP competitive inhibitor using the default bounding box sizes; with an 

inner box of 10Ao on each side and an outer box of 24Ao on each side. Flexible docking 

with default parameters was used. Glide XP (extra precision) was used for all docking 

calculations. It has been used in many earlier studies of docking (Friesner et al 2006, 

Tripathi et al 2013, Hao et al 2008, Kuck et al 2010). The best docked poses were 

selected as the ones with the lowest Glide Score; the more negative the Glide Score, the 

more favorable the binding is. To understand the binding mode of our selected inhibitors, 

they were docked with the crystal structure of the human Akt1 and 2 protein and modeled 

Akt3 protein. The docking was targeted against the ATP-competitive site of protein. The 

protein was first prepared using the Protein Preparation wizard and the docking studies 

were performed using the Schrödinger Glide software (Maestro 9.5) with extra-precision 

(XP). The obtained G-Score have shown that, Betanin have the maximum affinity for 

Akt1 protein with a maximum GScore of -10.45.  For Akt2 protein, AT13148 with a 
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GScore of -12.43 showed the highest affinity. In case of Akt3 protein, Balanol exhibited 

the best docked pose (GScore: -9.89) (Table 4.2). The 2D interaction diagram of the Akt 

isoforms shows involvement of different residues such as acidic, hydrophobic, basic, 

polar, and other residues at the active site in the interactions with the inhibitors 

differently (Fig 4.5). Interestingly some of the active residues involved in the interactions 

were present in the non-conserved region which might be responsible for differential 

interaction of Akt isoforms with the inhibitors. The non-conserved residues have been 

exploited in some studies for specific binding to the inhibitors. In one such study, 

inhibitors were designed to specifically interact with the non-conserved residues of 

thymidylate synthase of Lactobacillus casei in order to differentiate it from the human 

enzyme (Stout et al 1999). Moreover, the role of non-conserved residues has been well 

established in dissecting the isoform-selectivity of PI3kinase inhibitors (Frazzetto et al 

2008). Furthermore, a systematic mutational analysis of non-conserved residues within 

the extracellular entry pathway and the high affinity binding site in norepinephrine 

transporter have shown that that the non-conserved binding site residues are critical 

determinants for inhibitor selectivity (Andersen et al 2015). 

 

 

 

 

 

 

    Table 2: The physical interactive properties of Akt isoforms to the selected compounds  

Protein  Compounds GScore LipophilicEvdW PhobEnHB HBond Electro 

Akt1  Betanin -10.45 -3.42 0 -5.38 -1.4 

Vannilin -10.22 -2.35 -1 -5.19 -1.15 

AT13148 -10.07 -3.89 -0.47 -1.95 -0.98 

(-)-Epigallocatechin gallate -9.58 -3.16 0 -5.06 -1.55 

AZD5363 -9.39 -4.43 -1.5 -2.01 -0.85 

Akt2  AT13148 -12.43 -4.01 -0.68 -1.95 -2.48 

A-443654 -11.45 -4.9 -1.5 -2.7 -2.44 

A-674563 -11.29 -4.81 -1.5 -2.58 -2.41 

Vannilin -11.04 -2.64 -0.19 0 -6.02 

Quercetin -10.13 -3.18 -0.65 -1 -1.11 

Akt3  Balanol -9.89 -3.87 -1 -3.04 -1.69 

Quercetin -8.24 -2.7 -1 -2.85 -1.11 

AT13148 -8.1 -3.22 0 -1.44 -0.88 

CCT128930 -7.8 -1.74 -3 -1.37 -0.85 

CURCUMIN -7.76 -3.66 -0.97 -2.04 -0.53 

 

Table 4.2: Lowest binding energy for the ligand-protein interaction as detected by  

GLIDE molecular docking. 
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4.4. CONCLUSION 

In the present study, we segregated the general Akt kinase inhibitor and other natural agents 

into Akt isoform-specific inhibitors. It was accomplished using the in silico docking analysis 

by Schrodinger Maestro program and is particularly focused on ATP competitive site. 

However, the interaction of the selected compounds with the allosteric site remains unclear 

and it can be performed in order to achieve in-depth understanding. Nevertheless, the present 

investigation is a preliminary attempt to categorize the natural and general Akt inhibitor into 

Akt-isoform specific inhibitors and the research must be extended to in vitro and preclinical 

models before proceeding for clinical studies.  
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Figure 4.5: 2D diagram showing the interactions of Akt isoforms with selected 

inhibitors and their GScore. The Betanin was showing the maximum affinity for 

Akt1 protein with the maximum affinity with an Gscore of -10.45. AT13148 was 

having maximum affinity for Akt2 protein. For Akt3 protein, Balonol with a 

Gscore of -9.89 was showing highest affinity. 
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5.1. CONCLUSION 

Despite the remarkable progress made in the oral cancer diagnostics and therapeutics, the 

overall survival of cancer patients has not been increased in the last two decades. The 

main reasons for the failure of these advancements are late diagnosis and poor prognosis. 

Moreover, the emergence of chemoresistance, radioresistance and tumor recurrence in 

oral cancer has augmented the limitations further. The aggravated situation can only be 

overcome by exploring the new molecular signatures that can pave the way for early 

diagnosis as well as can provide novel targets against which effective chemotherapeutics 

can be developed. Akt kinase is one such molecular mediator which acts as a central 

signalling node for all the important cellular processes involved in human physiology and 

diseases. Though it has three isoforms whose functions are mutually exclusive, they 

perform distinct functions in various cancers. To analyze their role in oral cancer we 

initially determined the expression and mutation status of Akt isoforms in different stages 

of OSCC of patient samples. The expression of Akt isoforms in patient samples was 

studied by tissue microarray analysis. Our results showed that Akt1 and 2 were 

overexpressed while no significant change in the expression of Akt3 isoform was 

observed.  There was no significant variation in the expression of different isoforms of 

Akt in different genders. With respect to different tumor tissue types, we found the 

maximum expression of Akt1 and 2 isoforms in malignant tissue types. Also, we 

observed that the increased expression of Akt1 and 2 isoforms were found to be 

correlated with different stages of oral cancer development. We observed the maximum 

expression of Akt1 in cheek tissues and Akt2 in tongue tissues. To evaluate the 

mutational status of Akt isoforms in HNSCC patients, the data of 504 patient samples 

from TCGA data portal was obtained. We found that Akt1 has the maximum genetic 
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alteration of 2.8% followed by Akt3 (2.4%) and Akt2 (2%). Moreover, on analyzing the 

mutation status from the portal we have observed different mutations in various regions 

of the Akt isoforms protein. In case of Akt1, only two missense mutations ie., E17K and 

E49K were observed in the PH domain of the protein which is known to hyperactivate 

the Akt1 isoform. For Akt2 isoform, five mutations; Y351C, P471S, D388N, and 

G394Wfs*48 were observed. Different mutations such as R343M, S403G, S136C, 

K152R, and M145K were found in Akt3 isoform. Moreover, the cases of Akt1 and 

2mutations were found to have higher mRNA transcript level.  Also, the univariate 

analysis of 504 samples of HNSCC has shown that the increase in the abundance of 

genetic alterations of Akt1 and 2 was correlated worst OS and DFS as compared to Akt3 

isoform. Consequently, it can be inferred that Akt1 and 2 play a significant role in 

clinical outcomes of HNSCC patients.  

Subsequently, we examined the effect of pure TE and other commercially available 

tobacco components on the expression Akt in OSCC cells. It is a well-known fact that 

tobacco is the one of the main risk factor responsible for oral cancer. It was found that 

after 24h treatment of TE, BAP, and nicotine, the transcript level of both Akt1 and 2 

isoforms were increased but no change in Akt3 isoform was found. Subsequently, we 

studied the role of Akt isoforms in the development of OSCC. For achieving this, we 

silenced the Akt1 and 2 using specific siRNAs. The effect of silencing of Akt1 and 2 on 

the different hallmarks of cancer was evaluated. The cell cycle arrest was observed by 

FACS assay where we observed the arrest in G2/M phase which might induces the cell to 

undergo apoptosis. Subsequently, the effect of tobacco components and silencing of Akt1 

and 2 isoforms was analyzed on the clonogenic potential of cancer cells. It was found that 
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the treatment of tobacco components increased the potential for colony formation up to a 

certain concentration. The Akt1 and 2-silenced cells eliminated the effect of tobacco and 

its component on colony forming ability of cancer cells; however, silencing of Akt 1 

shows more significant effect. Next, we analyzed the effect of different isoforms of Akt 

on the migration of oral cancer cells by wound healing assay. On increasing the 

concentration of TE, it was found that percentage of wound area significantly decreased 

and the wound was healed in most of the treated concentration in 24h interval time. A 

similar effect was also observed with BAP and nicotine. We found that the assertiveness 

of tobacco components on the migration of cancer cells was nullified by the knockdown 

of Akt2 in oral cancer cells. However, the silencing of Akt1 could not inhibit the 

migration of the SAS cells. The wound healing assay suggested the reduction in the 

migration of cancer cells on the knockdown of Akt2 gene signifying their role in the 

migration of cancer cells. Though, in case of the Akt1 knockdown, no such effect was 

observed. The clonogenicity of the SAS was found to be declined in Akt1 and 2 

knockdown cells as compared to the untreated cells. The silencing of Akt1 and 2 

isoforms in SAS cells increased the percentage of cell death as observed through PI-

FACS method. Furthermore, silencing of Akt2 isoforms decreased the expression of 

proteins associated with cancer cell survival and apoptosis such as Survivin, Cox-2, Bcl-

2, and Cyclin-D1. Though, the silencing of Akt1 doesn’t have a significant effect on 

these proteins except Cox-2. It appears that Akt1 and 2 are regulating the distinct 

processes the oral cancer development through different molecular mediators. Finally, we 

made an effort to demarcate the general Akt kinase inhibitors into Akt isoform-specific 

inhibitors based on the docking studies. It was commenced with obtaining the crystal 
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structure of Akt1 and 2 from PDB. The homology model of human Akt3 was obtained by 

submitting the sequence in ModWeb Server. ModWeb is a web server for automated 

comparative modeling that relies on PSI-BLAST, IMPALA and MODELLER used for 

protein structure modeling (http://salilab.org/modweb). Further, the obtained modeled 

structure was evaluated  by generating Ramachandran Plot through PROCHECK. It gives 

information about the overall quality of the structure as compared with well-refined 

structures of the same resolution and also highlights regions that may need further 

investigation. The protein sequences of Akt isoforms was aligned using PRofile 

ALIgNEment (PRALINE) which is a fully customizable multiple sequence alignment 

application (http://ibivu.cs.vu.nl/programs/pralinewww/). The molecular structures of 

selected general Akt inhibitors and natural agents were retrieved from PubChem 

compound database. To understand the binding mode of our selected 103 compounds, 

they were docked with the crystal structure of the human Akt1 and 2 protein and modeled 

Akt3 protein. The docking was targeted at the ATP-competitive site of the protein. The 

protein was first prepared using the Protein Preparation wizard and the docking studies 

were performed using the Schrödinger Glide software (Maestro 9.5) with extra-precision 

(XP). Based on the GScore obtained, the ranking of Akt inhibitors was done with the 

maximum score of -9.39 (AZD5363), -11.45 (A-443654) and -7.8 (CCT128930) for 

Akt1, Akt2, and Akt3 respectively. The 2D interaction diagram of the Akt isoforms 

shows the involvement of different residues such as acidic, hydrophobic, basic, polar, and 

other residues at the active site in the interactions with the inhibitors differently. 

Overall, the present study was aimed at evaluating the expression and delineating the role 

of different Akt isoforms in the development of oral cancer. The tissue microarray 
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analysis showed the overexpression of Akt1 and 2 in oral cancer patients as compared to 

the Akt3 isoform. The mutational data obtained from the TCGA have shown the worst 

survival of cancer patients having alterations in Akt1 and 2 isoforms as compared to Akt3 

isoform. Tobacco and its components increased the expression of Akt1 and 2 in oral 

cancer cells and it also increased the aggressiveness of cancer cells by increasing the 

proliferation, clonogenicity and migration potential of cancer cells. The knockdown of 

Akt1 and 2 in the cancer cells led to the reduction in the aggressiveness by reducing the 

clonogenicity and migration potential of cancer cells. The knockdown of Akt1 and 2 led 

to cell cycle arrest which might drive the oral cancer cells to undergo apoptosis and we 

observed increased percentage of cell death. It also further reduced the expression of 

proteins such as Survivin, Bcl-2, Cox-2, and Cyclin-D1 important for promotion and 

progression of cancer cells. Though, the effect was more prominent in Akt2-silenced 

cells. Through docking studies we demarcated the general Akt inhibitors and natural 

agents into Akt isoform-specific inhibitors based on the docking score. It can be helpful 

in precise targeting of involved-isoform instead of in general targeting.  

4.2. FUTURE PROSPECTS 

There were certain limitations in the present study. We analyzed the expression of Akt 

isoforms in TMA slides which were procured from the US and lacks the cancer tissues 

originating from the Indian population. Therefore, it becomes imperative to examine the 

same in the Indian population in near future. Also, in the present study genetic alterations 

data of Akt isoforms were obtained from TCGA portal and their correlation with OS and 

DFS was made. However, these data could not be retrieved from the local population of 

cancer patients and warrants further investigation.  Next, we tried to establish the role of 
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Akt isoforms in SAS cells by the application of siRNAs. The effect of knockdown of 

Akt1 and 2 was analyzed on the different process of oral carcinogenesis such as cell 

proliferation and survival, migration and apoptosis. The effect of silencing of these genes 

was studied on different molecular mediators involved in the pathogenesis of oral cancer. 

Though our study was based on SAS cells only and other cell lines must be included for 

more elaborate understanding. Also, the in vitro study must be extended further to in vivo 

stage to validate the obtained results. Later, we tried to examine the effect of pure TE and 

other commercially available tobacco components on OSCC cells in relation to Akt 

isoforms. We observed that the tobacco and its components such as nicotine and BAP 

increased the aggressiveness in terms of clonogenicity and migration. Also, it was found 

that these tobacco components induced the expression of Akt1 and 2 isoforms and by 

silencing these genes the increased aggressiveness can be reduced. This indicates the 

association of Akt1 and 2 in tobacco-induced oral carcinogenesis. However, the detailed 

mechanism was missing in the present study and future experiments need to be designed 

and accomplished to understand the associations between Akt isoforms and tobacco-

induced oral neoplasia. Several lines of evidence have suggested that the Akt kinase is 

involved in chemoresistance of cancer cells including oral cancer. Although, in our study, 

such aspects of research was absent and need to be analyzed in near future. Additionally, 

if gene microarray analysis of Akt-isoform-knockdown cells can be performed then the 

thorough understanding of the complex network of genes involved in tumorigenesis can 

be identified. Further, an attempt was made to demarcate the general Akt kinase 

inhibitors into Akt isoform-specific inhibitors using Schrodinger program. These 

preliminary results must be validated by further preclinical and clinical studies.  
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letters. 2016 Jul 10;377(1):74-86. 

 

6. Monisha J, Roy NK, Padmavathi G, Banik K, Bordoloi D, Khwairakpam AD, 

Arfuso F, Chinnathambi A, Alahmadi TA, Alharbi SA, Sethi G. NGAL is 

downregulated in oral squamous cell carcinoma and leads to increased survival, 

proliferation, migration, and chemoresistance. Cancers (Basel). 2018 Jul 10;10(7). 

 

7. Ranaware AM, Banik K, Deshpande V, Padmavathi G, Roy NK, Sethi G, Fan L, 

Kumar AP, Kunnumakkara AB. Magnolol: A Neolignan from the Magnolia 

Family for the Prevention and Treatment of Cancer. International journal of 
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8. Kunnumakkara AB, Banik K, Bordoloi D, Choudhary H, Sailo BL, Roy NK, 
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Prevention of Chronic Diseases. Frontiers in Pharmacology. 2018;9:686. 

 

9. Khwairakpam AD, Damayenti YD, Deka A, Monisha J, Roy NK, Padmavathi G, 

Kunnumakkara AB. Acorus calamus: a bio-reserve of medicinal values. Journal of 

basic and clinical physiology and pharmacology. 2018 Mar 28;29(2):107-22.  
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10. Kunnumakkara AB, Bordoloi D, Padmavathi G, Monisha J, Roy NK, Prasad S, 

Aggarwal BB. Curcumin, the golden nutraceutical: multitargeting for multiple 

chronic diseases. British journal of pharmacology. 2017 Jun 1;174(11):1325-48. 

 

11. Padmavathi G, Roy NK, Bordoloi D, Arfuso F, Mishra S, Sethi G, Bishayee A, 

Kunnumakkara AB. Butein in health and disease: A comprehensive review. 

Phytomedicine. 2017 Feb 15;25:118-27.  

 

12. Monisha J, Padmavathi G, Roy NK, Deka A, Bordoloi D, Anip A, B 

Kunnumakkara A. NF-κB blockers gifted by mother nature: Prospectives in cancer 

cell chemosensitization. Current pharmaceutical design. 2016 Aug 1;22(27):4173-

200. 

 

13. Monisha J, Roy NK, Bordoloi D, Kumar A, Golla R, Kotoky J, Padmavathi G, B 

Kunnumakkara A. Nuclear factor kappa B: a potential target to persecute head and 

neck cancer. Current drug targets. 2017 Feb 1;18(2):232-53. 

 

14. D Bordoloi, NK Roy, J Monisha, P Ganesan, AB Kunnumakkara: Multi-Targeted 

Agents in Cancer Cell Chemosensitization: What We Learnt from Curcumin Thus 

Far. 11/2015; 10(999)., DOI:10.2174/1574892810666151020101706 

 

15. Padmavathi G, Rathnakaram SR, Monisha J, Bordoloi D, Roy NK, Kunnumakkara 

AB. Potential of butein, a tetrahydroxychalcone to obliterate cancer. 

Phytomedicine. 2015 Dec 1;22(13):1163-71. 

 

16. Monisha J, Padmavathi G, Bordoloi D, Roy NK, Kunnumakkara AB. Neutrophil 

gelatinase-associated lipocalin (NGAL): a promising biomarker for cancer 

diagnosis and a potential target for cancer therapeutics. J Cell Sci Molecul Biol. 

2014;1(2):106. 

 

17. Bakshi S, Roy NK, Sahoo L. Seedling preconditioning in thidiazuron enhances 

axillary shoot proliferation and recovery of transgenic cowpea plants. Plant Cell, 

Tissue and Organ Culture (PCTOC). 2012 Jul 1;110(1):77-91. 

 

18. Bakshi S, Saha B, Roy NK, Mishra S, Panda SK, Sahoo L. Successful recovery of 

transgenic cowpea (Vigna unguiculata) using the 6-phosphomannose isomerase 

gene as the selectable marker. Plant cell reports. 2012 Jun 1;31(6):1093-103. 

 

19. Roy NK, Sharma A, Singh AK, Bordoloi D, Sailo BL, Monisha J, Kunnumakkara 

AB. Bladder Cancer: Chemoresistance and Chemosensitization. Cancer Cell 

Chemoresistance And Chemosensitization. 2018 Feb 13:51. 

 

20. Thakur KK, Bordoloi D, Prakash J, Monisha J, Roy NK, Kunnumakkara AB. 

Different Chemosensitization Approaches for the Effective Management of 

147 

TH-2039_ 10610605



List of Publications, Conferences, and Workshops 
 

HNSCC. Cancer Cell Chemoresistance And Chemosensitization. 2018 Feb 

13:399. 

 

21. Singh AK, Roy NK, Anip A, Banik K, Monisha J, Bordoloi D, Kunnumakkara 

AB. Different Methods to Inhibit Chemoresistance in Hepatocellular Carcinoma. 

Cancer Cell Chemoresistance And Chemosensitization. 2018 Feb 13:373. 

 

22. Choudhary H, Thakur KK, Sharma A, Roy NK, Khwairakpam AD, Bordoloi D, 

Kunnumakkara AB. Strategies to Overcome Chemoresistance in Ovarian Cancer. 

Cancer Cell Chemoresistance And Chemosensitization. 2018 Feb 13:373. 

 

23. Sailo BL, Bordoloi D, Banik K, Khwairakpam AD, Roy NK, Prakash J, 

Kunnumakkara AB. Therapeutic Strategies for Chemosensitization of Renal 

Cancer. Cancer Cell Chemoresistance And Chemosensitization. 2018 Feb 13:373. 

 

24. Sailo BL, Monisha J, Jaiswal A, Prakash J, Roy NK, Thakur KK, Banik K, 

Bordoloi D, Kunnumakkara AB. Molecular Alterations Involved in Pancreatic 

Cancer Chemoresistance and Chemosensitization Strategies. Cancer Cell 

Chemoresistance And Chemosensitization. 2018 Feb 13:373. 

 

25. Monisha J, Roy NK, Sharma A, Banik K, Padmavathi G, Bordoloi D, 

Kunnumakkara AB. Chemoresistance and Chemosensitization in Melanoma. 

Cancer Cell Chemoresistance And Chemosensitization. 2018 Feb 13:373. 

 

26. Padmavathi G, Bordoloi D, Monisha J, Roy NK, Harsha C, Kunnumakkara AB. 

Recently Discovered Fusion Genes and Their Implications in Cancer. InFusion 

Genes And Cancer 2017 (pp. 315-348). 

 

27. Roy NK, Bordoloi D, Padmavathi G, Kunnumakkara AB. Targeting Fusion Genes 

for Cancer Therapy. InFusion Genes And Cancer 2017 (pp. 349-371). 

 

28. Padmavathi G, Banik K, Roy NK, Monisha J, Kunnumakkara AB. Role of BCR-

ABL Fusion Kinase in the Development of Leukemia. InFusion Genes And 

Cancer 2017 (pp. 111-127). 

 

29. Roy NK, Padmavathi G, Bordoloi D, Kunnumakkara AB. Techniques to Identify 

Novel Fusion Genes and to Detect Known Fusion Genes. InFusion Genes And 

Cancer 2017 (pp. 59-79). 

 

30. Padmavathi G, Roy NK, Bordoloi D, Monisha J, Kunnumakkara AB. Basic 
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Cancer—An Overview and Molecular Alterations in Cancer. InFusion Genes And 
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Oral Presentations 

1. NK Roy, M Javadi, D Bordoloi, P Ganesan, A Singh and AB Kunnumakkara. 

Dissecting the Specificity of Akt Kinase Isoforms in Oral Cancer and an in silico 

approach for Selective Targeting by Natural Agents, at National conference on 

“Ethno-medicine and Traditional Health Practices in Northeast region of India, 

NIPER Guwahati, Mirza Campus, Assam India 2018. 

 

2. NK Roy, M Javadi, D Bordoloi, A Singh and AB Kunnumakkara. Distinct role of 

Akt isoforms in oral cancer and tobacco-induced aggressiveness, at Trends in 

Biochemical and Biomedical Research (TBBR-2018) organized by Banaras Hindu 

University (BHU), Varansi, Assam India, 2018.  

 

3. NK Roy, AB Kunnumakkara. Studies on the Expression of Different Proteins, 

Genes and microRNAs for the Development of Diagnosis, Prognosis and 

Predictive Biomarkers for Head and Neck in North-East India, at 2nd Institutional 

Ethics Committee Meeting organized by North East Cancer Hospital and Research 

Institute, Guwahati, Assam India, 2016. 

Book 

Fusion Genes and Cancer. AB Kunnumakkara, G Padmavathi, NK Roy. World Scientific 

2016. 

(http://www.worldscientific.com/worldscibooks/10.1142/10306) Published in April 2017. 
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Abstracts in conference proceedings 

1. NK Roy, J Monisha, G Padmavati, D Bordoloi, AB Kunnumakkara: Precise Distinction 

of general Akt Inhibitors into Akt Isoform-specific Inhibitors. Journal of Carcinogenesis 

2016; 15:278. ISSN: 0974-6773. 

 

2. NK Roy, J Monisha, DBordoloi, A Singh, AB Kunnumakkara: Distinct role of Akt 

isoforms in oral cancer and tobacco-induced aggressiveness. Research Reports 2: e1-e203. 

doi:10.9777/rr.2018.1001. ISSN: 2471-5689.  

 

3. NK Roy, AB Kunnumakkara. Isoform specific role of akt in oral squamous cell 

carcinoma. Cancer Medicine 2018; 7:11, 111 River St, Hoboken 07030-5774, NJ USA: 

Wiley. ISSN: 2045-7634. 

 

Abstracts presented in conferences 

 

1. NK Roy, J Monisha, G Padmavathi, D Bordoloi, AB Kunnumakkara, “Precise 

distinction of general Akt Inhibitors into Akt Isoform specific inhibitors”, Indian 

Association of Cancer Research-2016 (IACR-2016), New Delhi, India, 2016. 

 

2. NK Roy, J Monisha, G Padmavathi, D Bordoloi, A Singh, AB Kunnumakkara. 

“Isoform-specific Targeting of Akt Kinase by Natural Inhibitors: An In Silico 

Approach” in First International Conference on Nutraceuticals and Chronic Diseases, 

2016, Kerala, India, in the year 2017. 

 

3. NK Roy, BL Sailo, AB Kunnumakkara, “Isoform-specificity of Akt kinase in Cancer: 

Does Static Sequence Embraces the Dynamism?” at Research Conclave organized by 

the PhD Council of the Students’ Academic Board (SAB), Indian Institute of 

Technology Guwahati in the year 2017. 

 

4. J Monisha, KF Sajin, NK Roy, G Padmavathi, MS Nair, AB Kunnumakkara, “Insights 

into anticancer activity and mechanism of action of azadiradione against triple 

negative breast cancer, in First International Conference on Nutraceuticals and 

Chronic Diseases, 2016, Kerala, India, in the year 2016. 

 

5. NK Roy, J Monisha, G Padmavathi, D Bordoloi, AB Kunnumakkara, “Precise 

distinction of general Akt Inhibitors into Akt Isoform-specific inhibitors” in the 12th 

International Conference of the Asian Clinical Oncology Society and 35th Annual 

Convention of the Indian Association of Cancer Research (IACR) and Mid-Term 

Conference of IASO held at New Delhi in the year 2016. 

 

6. NK Roy, T Usham, D Thingujam, AB Kunnumakkara, “Tobacco usage and cancer” at 

Research Conclave organized by the PhD Council of the Students’ Academic Board 

(SAB), Indian Institute of Technology Guwahati in the year 2016. 

 

7. NK Roy, J Monisha, G Padmavathi, D Bordoloi, AB Kunnumakkara, “Isoform 
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specific action of Akt kinase inhibitors for better efficacy: An in silico approach” at 

Translational Cancer Research at Ahmedabad in the year 2016. 

 

8. NK Roy, A Das, S Gupta, J Monisha, G Padmavathi, E Ramakrishnan, J Kotoky and 

AB Kunnumakkara, “Rapid Synthesis of Gold Nanoparticles using Tinospora 

cordifolia leaf extract and its Characterization”  at Research Conclave organized by the 

PhD Council of the Students’ Academic Board (SAB), Indian Institute of Technology 

Guwahati in the year 2015. 

 

9. NK Roy, A Das, S Gupta, J Monisha, G Padmavathi, E Ramakrishnan, J Kotoky and 

AB Kunnumakkara, “Green Synthesis of Gold Nanoparticles and Assessment of Their 

Cytotoxicity”  at National Conference on Recent Advances in Cancer Biology and 

Therapeutics, IIT Guwahati, India, 2014. 

 

10. NK Roy, A Das, S Gupta, J Monisha, G Padmavathi, E Ramakrishnan, J Kotoky and 

AB Kunnumakkara,   “Biosynthesis of Gold Nanoparticles and Evaluation of Their 

Cytotoxicity against Cancer Cells” International Conference on Disease Biology and 

Therapeutics, IASST Guwahati, India, 2014. 

 

Conferences, workshops and trainings attended  

 

1. Participated in Indo-japan symposium on “Hope from Herbs: research based 

Care and cure Potentials” jointly organized by IIT Guwahati and AIST, Japan, 

held on 8th May, 2017. 

 

2. Actively participated in the National Conference on “Recent Developments in 

Medical Biotechnology and Structure Based Drug Designing (RDMBSBDD)” 

held at IIT Guwahati, organized by BSBE in the year 2015. 

 

3. Actively participated in the symposium cum workshop on “Advances in 

Computational Biology and Computer Aided Drug Design” held at IIT 

Guwahati, organized by the Bioinformatics Infrastructure Facility (BIF), Dept of 

BSBE in the year 2015. 

 

4. Actively participated in National Course on “Theoretical and Pratical Aspects of 

Cancer Research” conducted under the Technical Education Quality 

Improvement Programme sponsored by Minis try of Human Resource 

Development, Government of India in the year 2015. 

 

5. Participated in “34th Annual Convention of Indian Association for Cancer 

Research (IACR2015)” for which Rajasthan Medical Council has granted 8 CME 

credit hours, held at Jaipur, India in the year 2015. 

 

6. Actively participated in the workshop “Flow cytometry data analysis” organized 

by Dept   of Biotechnology, IIT Guwahati in the year 2015. 
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7. Attended two day Indo-US clinical cytometry symposium and wet labs on 

“Haematological Malignancies: Challenges and Management Strategies” held 

at Dr S. Krishnamurthi Centre for Research and Education in Cancer, Cahchar 

Cancer Hospital and Research Centre, Silchar, Assam in the year 2014. 

 

8. Participated in a two day workshop on “Next Generation Sequencing and Data 

Analysis” organized by Biotech Hub, Centre of Environment, IIT Guwahati in the 

year 2014. 

 

9. Actively participated in the “Indo-Japan DBT workshop for Fostering 

Research, Collaboration and Innovation in Translational Bioresources in 

Northeast India” organized by DBT Program Support Center at Dept of BSBE, 

IIT Guwhati in the year 2012. 

 

10.  Actively participated in the DBT Program Support Project sponsored Short-term 

Corse on “Advanced Techniques in Cellular and Molecular Biology” held at 

IIT Guwahati organized by Dept of BSBE, in the year 2010.  

 

Awards 

Received ‘Best Poster Presentation Award’ for the paper entitled “Isoform-specific 

Targeting of Akt Kinase by Natural Inhibitors: An In Silico Approach” in Second 

International Conference on Nutraceuticals and Chronic Diseases, at Goa, India 2017. 

 

Received ‘Best Oral Presentation Award’ for the paper entitled “Dissecting the Specificity 

of Akt Kinase Isoforms in Oral Cancer and an in silico approach for Selective Targeting by 

Natural Agents” in “Ethno-medicine and Traditional Health Practices in Northeast region of 

India”, at NIPER Guwahati, India 2018. 
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17. . http://all-free-download.com/free-photos/download/capsicum-pa-who-did-this-to-
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18. http://www.innerpath.com.au/matmed/herbs/Alpinia~katsumadai.htm 

19. https://en.wikipedia.org/wiki/Caraway 

20. https://en.wikipedia.org/wiki/Cinnamomum_verum#/media/File:Cinnamomum_verum

_spices.jpg 

153 TH-2039_ 10610605

https://en.wikipedia.org/wiki/Eucalyptus_globulus
http://www.bcrc.firdi.org.tw/fungi/fungal_detail.jsp?id=FU200802270008
https://en.wikipedia.org/wiki/Sarcomelicope_simplicifolia#/media/File:Sarcomelicope_simplicifolia_leaves.jpg
https://en.wikipedia.org/wiki/Sarcomelicope_simplicifolia#/media/File:Sarcomelicope_simplicifolia_leaves.jpg
http://circleforwards.blogspot.com/2013/01/garlic-allium-sativum-l-exterminate.html
http://resizeme.club/picresize-234_9.html
https://en.wikipedia.org/wiki/Vaccinium_corymbosum#/media/File:Vaccinium_corymbosum(01).jpg
https://en.wikipedia.org/wiki/Vaccinium_corymbosum#/media/File:Vaccinium_corymbosum(01).jpg
http://all-free-download.com/free-photos/download/genuine-chamomile-matricaria-chamomilla-chamomile_272522.html
http://all-free-download.com/free-photos/download/genuine-chamomile-matricaria-chamomilla-chamomile_272522.html
https://en.wikipedia.org/wiki/Pomelo#/media/File:Pomelo_.jpg
https://en.wikipedia.org/wiki/Scutellaria_baicalensis
http://www.eda-land.ru/specii/barbaris/yagody/
http://www.eda-land.ru/specii/barbaris/yagody/
http://www.fruitsvegetablecinnamonsuppliersrilanka.com/Sri_Lanka/Beetroot_Beta_vulgaris
http://www.fruitsvegetablecinnamonsuppliersrilanka.com/Sri_Lanka/Beetroot_Beta_vulgaris
https://economictimes.indiatimes.com/industry/cons-products/food/climate-change-may-hit-milk-products-by-3-million-tonnes-per-year-by-2020/articleshow/57187203.cms
https://economictimes.indiatimes.com/industry/cons-products/food/climate-change-may-hit-milk-products-by-3-million-tonnes-per-year-by-2020/articleshow/57187203.cms
https://economictimes.indiatimes.com/industry/cons-products/food/climate-change-may-hit-milk-products-by-3-million-tonnes-per-year-by-2020/articleshow/57187203.cms
https://commons.wikimedia.org/wiki/File:Brassica_napus_003.JPG
https://en.wikipedia.org/wiki/Toxicodendron_vernicifluum
https://en.wikipedia.org/wiki/Propolis
http://all-free-download.com/free-photos/download/capsicum-pa-who-did-this-to-you_553049.html
http://all-free-download.com/free-photos/download/capsicum-pa-who-did-this-to-you_553049.html
http://www.innerpath.com.au/matmed/herbs/Alpinia~katsumadai.htm
https://en.wikipedia.org/wiki/Caraway
https://en.wikipedia.org/wiki/Cinnamomum_verum#/media/File:Cinnamomum_verum_spices.jpg
https://en.wikipedia.org/wiki/Cinnamomum_verum#/media/File:Cinnamomum_verum_spices.jpg


List of Publications, Conferences, and Workshops 
 

21. http://tropical.theferns.info/image.php?id=Hedychium+coronarium 

22. https://en.wikipedia.org/wiki/Galium_odoratum 

23. https://en.wikipedia.org/wiki/Physalis_peruviana 

24. https://en.wikipedia.org/wiki/File:Curcuma_longa_roots.jpg 

25. https://ast.wikipedia.org/wiki/Lonchocarpus_urucu 

26. https://en.wikipedia.org/wiki/Viola_odorata 

27. https://en.wikipedia.org/wiki/Onion 

28. https://en.wikipedia.org/wiki/Dioscorea_villosa 

29. https://en.wikipedia.org/wiki/Fragaria_vesca 

30. https://en.wikipedia.org/wiki/Rheum_(plant) 

31. https://en.wikipedia.org/wiki/Camellia_sinensis 

32. https://en.wikipedia.org/wiki/Clove 

33. https://en.wikipedia.org/wiki/Strawberry 

34. http://dogalhayat.org/property/quercus-infectoria-mazi-mesesi-

2/#prettyPhoto[iframes]/0/ 

35. http://www.biodiversityexplorer.org/plants/rosaceae/prunus_dulcis.htm 

36. https://en.wikipedia.org/wiki/Garcinia_indica 

37. https://en.wikipedia.org/wiki/Genista_tinctoria  

38. https://en.wikipedia.org/wiki/Ginseng 

39. https://en.wikipedia.org/wiki/Magnolia_grandiflora 

40. https://en.wikipedia.org/wiki/Hypericum_perforatum 

41. http://commons.hortipedia.com/wiki/File:Brassica_oleracea_var._italica_PDB.jpg 

42. https://en.wikipedia.org/wiki/Tomato 

43. https://en.wikipedia.org/wiki/Myristica_fragrans 

44. https://en.wikipedia.org/wiki/Abronia_villosa 

45. https://en.wikipedia.org/wiki/File:Starr_070313-5645_Trifolium_repens.jpg 

154 TH-2039_ 10610605

http://tropical.theferns.info/image.php?id=Hedychium+coronarium
https://en.wikipedia.org/wiki/Galium_odoratum
https://en.wikipedia.org/wiki/Physalis_peruviana
https://en.wikipedia.org/wiki/File:Curcuma_longa_roots.jpg
https://ast.wikipedia.org/wiki/Lonchocarpus_urucu#/media/File:Barbasco_03.JPG
https://en.wikipedia.org/wiki/Viola_odorata#/media/File:Viola_odorata_fg01.JPG
https://en.wikipedia.org/wiki/Onion
https://en.wikipedia.org/wiki/Dioscorea_villosa
https://en.wikipedia.org/wiki/Fragaria_vesca#/media/File:Fragaria_vesca_LC0389.jpg
https://en.wikipedia.org/wiki/Rheum_(plant)
https://en.wikipedia.org/wiki/Camellia_sinensis
https://en.wikipedia.org/wiki/Clove
https://en.wikipedia.org/wiki/Strawberry
http://dogalhayat.org/property/quercus-infectoria-mazi-mesesi-2/#prettyPhoto[iframes]/0/
http://dogalhayat.org/property/quercus-infectoria-mazi-mesesi-2/#prettyPhoto[iframes]/0/
http://www.biodiversityexplorer.org/plants/rosaceae/prunus_dulcis.htm
https://en.wikipedia.org/wiki/Garcinia_indica
https://en.wikipedia.org/wiki/Genista_tinctoria
https://en.wikipedia.org/wiki/Ginseng
https://en.wikipedia.org/wiki/Magnolia_grandiflora
https://en.wikipedia.org/wiki/Hypericum_perforatum
http://commons.hortipedia.com/wiki/File:Brassica_oleracea_var._italica_PDB.jpg
https://en.wikipedia.org/wiki/Tomato
https://en.wikipedia.org/wiki/Myristica_fragrans
https://en.wikipedia.org/wiki/Abronia_villosa
https://en.wikipedia.org/wiki/File:Starr_070313-5645_Trifolium_repens.jpg


List of Publications, Conferences, and Workshops 
 

46. https://naturesbuggy.com/mango-mangifera-indica-amba-aam-live-plant 

47. https://en.wikipedia.org/wiki/Citron 

48. https://en.wikipedia.org/wiki/Nerium 

49. http://gernot-katzers-spice-pages.com/engl/Olea_eur.html 

50. https://en.wikipedia.org/wiki/Watercress\ 

51. https://en.wikipedia.org/wiki/Maize 

52. https://en.wikipedia.org/wiki/Black_pepper 

53. https://en.wikipedia.org/wiki/Black_pepper 

54. https://en.wikipedia.org/wiki/Plumbago_zeylanica 

55. https://en.wikipedia.org/wiki/Apple 

56. http://www.apuliaplants.it/en/prodotti/vitis-vinifera-vite/ 

57. https://en.wikipedia.org/wiki/Basil 

58. https://en.wikipedia.org/wiki/File:Bloodroot_(Sanguinaria_canadensis).jpeg 

59. https://en.wikipedia.org/wiki/Silybum_marianum 

60. https://en.wikipedia.org/wiki/Brassica_oleracea 

61. https://en.wikipedia.org/wiki/Mandarin_orange 

62. https://en.wikipedia.org/wiki/Nigella_sativa 

63. https://en.wikipedia.org/wiki/Vanilla_planifolia 

64. https://en.wikipedia.org/wiki/Humulus_lupulus 

65. http://www.circulating-oils-library.com/en/essential-oils/ginger-essential-oil-zingiber-

officinale 

66. https://en.wikipedia.org/wiki/Carrot 

67. http://localqueen.com/seedstores-precious-curcuma-aromatica-kasturimanjal-fresh-

root-cuttings-tubers-for-growing-5-rhizomes/az/B00LMFOVZC 

 

 

155 

TH-2039_ 10610605

https://naturesbuggy.com/mango-mangifera-indica-amba-aam-live-plant
https://en.wikipedia.org/wiki/Citron
https://en.wikipedia.org/wiki/Nerium
http://gernot-katzers-spice-pages.com/engl/Olea_eur.html
https://en.wikipedia.org/wiki/Watercress/
https://en.wikipedia.org/wiki/Maize
https://en.wikipedia.org/wiki/Black_pepper
https://en.wikipedia.org/wiki/Black_pepper
https://en.wikipedia.org/wiki/Plumbago_zeylanica
https://en.wikipedia.org/wiki/Apple
http://www.apuliaplants.it/en/prodotti/vitis-vinifera-vite/
https://en.wikipedia.org/wiki/Basil
https://en.wikipedia.org/wiki/File:Bloodroot_(Sanguinaria_canadensis).jpeg
https://en.wikipedia.org/wiki/Silybum_marianum
https://en.wikipedia.org/wiki/Brassica_oleracea
https://en.wikipedia.org/wiki/Mandarin_orange
https://en.wikipedia.org/wiki/Nigella_sativa#/media/File:Nigella_Sativa_Seed.jpg
https://en.wikipedia.org/wiki/Vanilla_planifolia#/media/File:Vanilla_pompona_03.jpg
https://en.wikipedia.org/wiki/Humulus_lupulus#/media/File:Hopfen1.jpg
http://www.circulating-oils-library.com/en/essential-oils/ginger-essential-oil-zingiber-officinale
http://www.circulating-oils-library.com/en/essential-oils/ginger-essential-oil-zingiber-officinale
https://en.wikipedia.org/wiki/Carrot
http://localqueen.com/seedstores-precious-curcuma-aromatica-kasturimanjal-fresh-root-cuttings-tubers-for-growing-5-rhizomes/az/B00LMFOVZC
http://localqueen.com/seedstores-precious-curcuma-aromatica-kasturimanjal-fresh-root-cuttings-tubers-for-growing-5-rhizomes/az/B00LMFOVZC


List of Publications, Conferences, and Workshops 
 

 

 

156 TH-2039_ 10610605



BIOGRAPHY 

Nand Kishor Roy was born and brought up in Shillong 

(Meghalaya) on 20th August, 1987. He completed his 

Matric examination (10th) in 2002 and Intermediate 

(12th) education in 2004 from KV Happy Valley, Shillong 

affiliated to Central Board of Secondary Education 

(CBSE). Later, he joined Sankardev College, Shillong 

affiliated to North Eastern Hill University (NEHU) and 

graduated in the year 2007 with Zoology as an honors subject. After qualifying 

university entrance test, he joined NEHU for his Master’s in Biotechnology and 

Bioinformatics and completed in 2009. Subsequently, he worked as a trainee in 

the Indian Council of Agricultural Research (ICAR) and JK Agri Genetics 

Limited (Biotech Industrial Training Programme; BITP) during the year 2009. 

Successively, he joined PhD at IIT Guwahati under the supervision of Dr. 

Ajaikumar B Kunnumakkara in July 2010 in Dept of Biosciences and 

Bioengineering. His PhD work was mainly focused on the understanding the 

isoform-specific role of Akt kinase in the development of oral squamous cell 

carcinoma (OSCC). He successfully defended his thesis on 20th August 2018. He 

also shares his research interest in evaluating the anticancer potential of natural 

agents and exploring the chromosomal rearrangements in cancer. He has 

published in many peer-reviewed international journals and also edited a 

monograph “Fusion Gene and Cancer”.  He has also qualified national level 

competitive exams such as CSIR-NET (conducted by Council of Scientific & 

Industrial Research) and GATE (Conducted jointly by IISc and 7 IITs on behalf 

of the National Co-ordination Board– GATE, Department of Higher Education, 

Ministry of Human Resource Development, Government of India). 

 

TH-2039_ 10610605


