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1.1 Introduction 

Oral cancer stands one among the top ten most common cancers worldwide and one 

of the major life threatening diseases in India (Scully et al., 2005). According to the 

Globocan survey, in 2018 alone approximately 1.2 lakh new cases have been reported 

contributing to 10.4% of all cancer incidences in India. Further, cancers of lip and oral 

cavity have been found to be the second most common cause of cancer related 

mortality in India with 72,616 deaths reported in 2018. Notably, global oral cancer 

burden is expected to increase exponentially in the coming years with an estimated 

increase of 53% by 2040 (GLOBOCAN 2018). Adding to this, cancer of gingivo-

buccal complex (cancers of lower alveolus, buccal mucosa and the retro molar 

trigone) is known as Indian oral cancer as it constitutes around 60% of all oral cancer 

incidences in India (Byakodi et al., 2012). The increase in the rate of oral cancer 

incidences in India can be attributed to the increased exposure to tobacco. Supporting 

this, more than 90% of oral cancer cases in India have been found to be associated 

with the history of tobacco consumption (https://vovindia.org/tag/mawa/, Gupta et al., 

2013). Further, tobacco consumption in any form, with or without alcohol was also 

found to be correlated with precancerous lesions of oral cancer such as leukoplakia 

and erythroplakia, which possess high risk of developing into a malignant disease 

(Goel et al., 2014). Besides tobacco, age, gender, viral infections like human 

papilloma virus (HPV), air pollution and immune deficiency syndromes are also 

believed to be the potential risk factors for oral cancer (Oral cancer foundation, 

Simard et al., 2014). In addition, a report has shown that the median age of oral cancer 

diagnosis is 62 years supporting the fact that oral cancer is more prevalent in elderly 

people (Macek, 2010). Oral cancer development is a multistage process involving 

various molecular alterations such as activation of oncogenes, loss of tumor 
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suppressor genes and alterations in the genes regulating various cellular processes like 

cell survival, proliferation, angiogenesis, tumor invasion and progression etc. (Pérez-

Sayáns et al., 2009). Like any other cancers, the most common treatment strategies for 

OSCC are surgery, radiotherapy and chemotherapy or combination of these. Modality 

of treatment depends on the severity of disease (Das and Nagpal, 2002). The most 

commonly used chemotherapeutic drugs for the treatment of OSCC are cisplatin, 5-

fluorouracil, docetaxel and cetuximab etc. (Lyu et al., 2014, Petrelli et al., 2014). 

However, most of these chemotherapeutic drugs were found to be associated with 

adverse side effects affecting the patient’s physiology and causing myelosuppression, 

difficulty in speaking, swallowing etc. (Liu et al., 2014a, Tahover et al., 2015, Das 

and Nagpal, 2002). Moreover, development of chemoresistance and radioresistance 

through the activation of different survival proteins like survivin, worsen the scenario 

reducing the efficacy of the drug (Su et al., 2010). Further, the age factor was also 

found to play a significant role in deciding the fate of treatment and prognosis. In line 

with this, OSCC patients below 40 years of age had significantly higher 5 year 

survival rate compared to that of patients above 40 years (Macek, 2010). Above all, 

detection in early stages can give better treatment options and better prognosis. 

However, in majority of the cases, oral cancer is diagnosed only in the advanced 

stages which narrow down the chances of recovery (Mignogna et al., 2004). 

Therefore, it is essential to develop novel biomarkers as early diagnostic, therapeutic 

and prognostic targets for this deadly disease. 

Recent reports have shown that tumor necrosis factor (TNF)-α- induced protein 8 

(TNFAIP8 or TIPE), a newly identified protein family, comprising of four proteins 

namely TNFAIP8 (TIPE), TNFAIP8L1 (TIPE1), TNFAIP8L2 (TIPE2) and 

TNFAIP8L3 (TIPE3), plays major roles in inflammation, immunity and 
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tumorigenesis (Padmavathi et al., 2018, Kumar et al., 2004, Sun et al., 2008, Kumar et 

al., 2000, Fayngerts et al., 2014). Interestingly, TNFAIP8 is found to be 

overexpressed in different cancers like chronic myelogenous leukemia, lymphoblastic 

leukemia and lung carcinoma etc. However, little is known about the actual molecular 

mechanism behind TNFAIP8 induced carcinogenesis (Kumar et al., 2000, Lou and 

Liu, 2011, Padmavathi et al., 2018). Likewise, reports showed that TNFAIP8L2 

inhibits MAPKs and NF-κB signaling pathways further explaining the importance of 

this protein in cancer development (Sun et al., 2008, Freundt et al., 2008, Padmavathi 

et al., 2018). Further, the other two proteins of this family, TNFAIP8L1 and 

TNFAIP8L3 were also found to differentially regulate oncogenesis. However, only 

very few reports are available on these two proteins (Hitomi et al., 2008, Fayngerts et 

al., 2014, Padmavathi et al., 2018). Above all, the first member of this family, 

TNFAIP8 was initially identified to be differentially expressed in primary human 

head and neck squamous cell carcinoma (HNSCC) and metastatic head and neck 

squamous cell carcinoma (HNSCC) cell lines (Patel et al, 1997, Kumar et al., 2000, 

Padmavathi et al., 2018). Despite being identified in HNSCC cells, the actual role of 

TNFAIP8 in the development and progression of HNSCC remains elusive 

(Padmavathi et al., 2018). Therefore, the current study aimed at deciphering the role 

of TNFAIP8 and its other family members in the development and progression of oral 

cancer, a predominant HNSCC which would help us to develop novel biomarkers for 

the better management of this disease.     

1.2 Oral Cancer 

Cancers of oral cavity, oropharynx, lips, cheeks, roof of mouth (hard palate), back of 

the mouth (soft palate and uvula), floor of the mouth (area under the tongue), gums, 

teeth, tongue, and tonsils are classified as oral cancers and the oral squamous cell 
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carcinoma is the sixth most common cancer among all head and neck malignancies 

(Scully et al., 2005, Elango et al., 2009). Also, among all types of oral cancers, the 

squamous cell carcinoma constitutes around 90%, marking it as the most common 

neoplasm of oral cavity (Pereira et al., 2007, Joseph et al., 2018). Regions of 

Melanesia, South-Central Asia, Australia and Eastern Europe are the hit regions of 

oral cancer both in males and females (Jemal et al., 2008, Bray et al., 2018). However, 

in India, incidence of oral cancer has been found to be more common in males with 

the male to female ratio of 4.18:1 (Shenoi et al., 2012). Moreover, the age 

standardized oral cancer incidence in India is reportedly approximately 12.6 per 

100,000 population contributing to 30-40% of all cancer incidences (Byakodi et al., 

2012, Petersen, 2005). Further, the 5-year survival rate for oral cancer remains as low 

as 50–55% despite the therapeutic advancements, which is mainly due to late stage 

diagnosis. However, if diagnosed at the earlier stages, oral cancer will have the 

highest survival rate compared to other malignancies (Joseph et al., 2018; Irani, 

2016).   

1.2.1 Types of oral cancer:  

Based on the type of tissues affected, oral cancer can be classified as follows 

(Montero and Patel, 2015, Cancer Treatment Centers of America
®
 (CTCA)): 

(i) Squamous cell carcinoma: cancers of squamous cells lining the mouth and 

throat which contributes to more than 90% of oral cancer.  

(ii) Verrucous carcinoma: unlike the common squamous cell carcinoma, 

verrucous carcinoma is slow-growing cancers of squamous cells which 

contributes to only 5% of oral cancers and very rarely metastasize to a distant 

organ. 
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(iii) Salivary gland tumors: cancers arising at the small glandular tissues found 

near oral linings which are further categorized as adenoid cystic carcinoma, 

mucoepidermoid carcinoma, and polymorphous low-grade adenocarcinoma 

etc. 

(iv) Lymphomas: cancers of lymphoid tissues of oral cavity. 

1.2.2 Preneoplastic lesions:  

Development of oral squamous cell carcinoma, the most common type of oral cancer,  

has been found to be associated with various precancerous lesions such as 

leukoplakia, erythroplakia, oral lichen planus (OLP), and oral submucous fibrosis 

(OSF) (Montero and Patel, 2015). 

Leukoplakia: The WHO defines leukoplakia as ‘a white patch or plaque that cannot 

be easily removed and characterized clinically or pathologically as any other disease’ 

(Kramer et al., 1978, Summerlin, 1996, Irani, 2016). Oral leukoplakia incidence 

ranges from 1-5% (Awadallah et al., 2018). Initially, leukoplakia starts as whitish 

grey plaques mostly at alveolar mucosa, buccal mucosa, lower lip, floor of mouth and 

lateral tongue and progresses into thicker, whiter and leathery with surface fissures 

(Neville and Day, 2002). Also, it is clinically manifested in various forms like thin, 

thick or homogeneous, granular or nodular and proliferative verrucous leukoplakia 

(Irani, 2016). Risk of malignant transformation of leukoplakia varies from 3% to 17% 

(Awadallah et al., 2018). Further, the risk of developing into a malignant disease 

increases in people of 60-70 years of age and people with dysplasia (mild, moderate 

and severe). In addition to age and dysplasia, other factors such as gender, idiopathic 

leukoplakia, size of leukoplakia, non-homogenous type and Candida infection were 

also found to contribute to the malignant transformation (Irani, 2016). At the 

molecular levels, leukoplakia has been shown to be associated with increased levels 
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of TP53, MDM2, human telomerase reverse transcriptase (hTERT), retinoblastoma 

(Rb) and decreased levels of p27. Further, the upregulation of SMAD4, cyclin D1, 

Cox-2, Ki-67, p63, vascular endothelial growth factor (VEGF), MMP-1, -9, and -11 

were reported to increase the degree of dysplasia and the risk of malignant 

transformation (Irani, 2016).             

Erythroplakia: Well distinguished lesions that are red in colour, with soft velvety 

texture and arise mainly at the floor of mouth, lateral tongue, retro molar pad, and soft 

palate are considered as erythroplakia. In certain cases they are intermixed with white 

patches which are known as erythroleukoplakia. Unlike leukoplakia, these are not 

common, and often progress into squamous cell carcinoma (Neville and Day, 2002, 

Summerlin, 1996). It is more common in males older than 50 years. Erythroplakia are 

often manifested as flat to slightly raised uniform red lesions with irregular borders. 

Remarkably, more than 90% erythroplakia are developed into severe dysplasia, 

carcinoma in situ or carcinomas defining it to be a universal premalignant lesion thus 

considered as a first clinical sign of OSCC (Summerlin, 1996, Irani, 2016, Awadallah 

et al., 2018). At the molecular level, more than 46% of erythroplakia were found to 

possess TP53 mutation (Irani, 2016). Surgical removal is a treatment of choice for 

erythroplakia with dysplasia and carcinoma in situ. However, it also depends on the 

histopathologic diagnosis and clinical staging as recurrence and progression of 

erythroplakia are common in case of invasive diseases (Summerlin, 1996). 

Oral lichen planus (OLP) is a T-cell mediated chronic autoimmune disease affecting 

the mucous membrane of the oral cavity. It is suggested to be developed due to CD8+ 

T cells induced apoptosis (Irani, 2016, Neville and Day, 2002, Fang et al., 2009). It 

has been found to be more prevalent in females and onset occurs at the age of 30-70 

years (Awadallah et al., 2018, Irani, 2016). Buccal mucosa, tongue and gingiva are 
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the most commonly affected regions. The lesions present in various forms such as 

reticular, papular, plaque-like, erosive, atrophic or bullous appearance and the 

reticular form is the most common one (Neville and Day, 2002, Awadallah et al., 

2018). Average risk of developing into a malignant disease is 1%. However, the rate 

of malignant transformation was found to be more in erosive and atrophic types and in 

smokers, alcoholics, Candida albicans and hepatitis C virus infected patients and in 

presence of dysplasia. Additionally, infiltration of chronic inflammatory cells also 

strongly correlated with cancer development (Awadallah et al., 2018, Irani, 2016). 

Further, downregulation of E-cadherin, β-catenin, epidermal growth factor receptor 

(EGFR) and ANXA1 are some of the molecular alterations observed in OLP (Irani, 

2016). Topical corticosteroids, and other topical agents, such as retinoid, 

cyclosporine, calcineurin inhibitors, and photodynamic therapy are the first and 

second line therapeutics for localized OLP (Awadallah et al., 2018).     

Oral submucous fibrosis (OSF) is a progressive fibrotic premalignant condition that 

is very common in Indians and characterized by disrupted collagen metabolism, 

opaque, blanched and hardened oral mucosa and burning sensation. When progresses 

OSF leads to several severe clinical manifestations such as xerostomia, restriction of 

tongue movement and reduced elasticity of lips, floor of the mouth and buccal mucosa 

finally resulting in fibrosis and trismus. OSF onset occurs between 20-30 years of age. 

Areca nut consumption has been suggested to be closely associated with OSF as it 

induces transforming growth factor beta (TGF-β) signaling in oral epithelial cells 

ultimately leading to inflammation and fibrosis in the underlying connective tissue. In 

addition to areca nut and its derivatives, other factors such as nutritional deficiencies, 

autoantibodies and capsaicin were also suggested to contribute to OSF development 

(Irani, 2016, Awadallah et al., 2018). Sudden intolerance to spicy foods, vesicle and 
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ulcer formation on hard palate and buccal mucosa are some of the initial clinical signs 

and symptoms. The rate of malignant transformation was observed to be 7-30 % for 

OSF (Awadallah et al., 2018). At the molecular levels, OSF has been found to be 

associated with upregulation of certain cytokines viz. IL-1, IL-6, IL-8 and fibroblast 

growth factor (FGF); and overexpression of p53, p63, plasminogen activator inhibitot-

1 (PAI-1), and tissue inhibitor metalloproteinase-1 (TIMP-1) (Irani, 2016). OSF is 

regarded as almost irreversible once it reaches the trismus stage. Therefore, it is 

essential to diagnose and treat at earliest to avoid complications and malignant 

transformation (Awadallah et al., 2018). Prohibiting the consumption of areca 

nut/betel nut is the immediate necessity in the treatment of OSF followed by halting 

the disease progression through enzymatic degradation by hyaluronidase, collagenase, 

and chymotrypsin, anti-inflammatory/immunomodulators, antioxidant therapy and 

micronutrient supplementation etc. (Awadallah et al., 2018). Further, reduction in 

vasculature is one of the characteristic features of OSF which results in the reduced 

nutrient supplement to the affected tissues. Therefore, improving the vascular 

integrity using polyphenols is another method of treating OSF. In addition, surgical 

therapy is also used in order to suppress trismus by releasing the fibrotic bands or 

tissue (Rajalalitha and Vali, 2005, Awadallah et al., 2018).         

Epithelial dysplasia: It is the most common premalignant disease of OSCC 

characterized by cellular atypia, loss of stratification and normal maturation of 

stratified squamous epithelium and basal cell hyperplasia etc. (Awadallah et al., 2018, 

Shirani et al., 2014). In general, the dysplastic changes starts at the basal or parabasal 

epithelium. Depending on the extent of epithelial layers involved, dysplasia is graded 

as mild, moderate, severe dysplasia and carcinoma in situ. Dysplastic changes 

restricted to the basal or parabasal layer are considered as mild dysplasia. Changes 
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that extended to the middle of granular layer are regarded as moderate dysplasia and 

changes extended from basal layer to upper and middle layer of epithelium are 

considered as severe dysplasia. Dysplasia that spread from the basal epithelial layer to 

the surface of the mucosa is called as carcinoma in situ (Shirani et al., 2014). Presence 

of different grades of dysplasia (mild, moderate and severe) in the aforementioned 

precancerous lesions is known to significantly increase the risk of malignant 

transformation. However, not all dysplasias turn into a malignant disease. Supporting 

this, the rate of malignant transformation of dysplasia was found to range between 6-

36%. Surgical removal using cold knife or CO2 laser, immunomodulatory or 

antioxidant therapies are used alone or in combination for treating different grades of 

dysplasia (Awadallah et al., 2018).  

1.2.3 Molecular alterations associated with oral cancer:  

Several mutations that remarkably alter the survival, proliferation, morphology, 

angiogenesis and other properties of a cell have been reported in the genome of oral 

cancer cells. For instance, loss of heterozygosity of the p53 gene has been identified 

in 20% of OSCCs, and 22% of oral premalignant lesions (Mehrotra and Yadav, 2006). 

Likewise, inactivation of several other tumor suppressor genes including, BARD1, 

CASP8, CASP10, ILKAP, ING5, LRP1B and PPP1R7 by genomic instabilities and 

deletions at the regions of 2q21-24, 2q33-35, and 2q37 were also reported in different 

OSCC cell lines (Yanamoto et al., 2007). Similarly, allelic loss of cyclin dependent 

kinase inhibitor genes p16 and p14 and chromosomal aberrations in the regions of 4q, 

5q21-22, 11q, 18q, 21q and 22q13 were also observed in the developmental stages of 

oral cancer (Ohta et al., 2009, Moles et al., 2008) (Figure 1.1). In addition to 

inactivation of tumor suppressors, activation and overexpression of oncogenes such as 
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Bcl-2, c-Myc, cyclin B, cyclin D, EGFR, Ras genes, int-2, hst-1 and PRAD-1 were 

also found to be associated with the development of oral cancer (Moles et al., 2008, 

Tsantoulis et al., 2007, Kushner et al., 1999). Further, let-7b downregulation mediated 

DICER overexpression was shown to increase cell proliferation in oral cancer cells 

(Jakymiw et al., 2010). Additionally, deregulation of different angiogenesis related 

molecules and growth factors such as VEGF, VEGF-R, PGF-3, PD-ECGF, NOS2, 

FGF-2, HIF1α and Cox-2 was shown to induce the progression and aggressiveness of 

the disease (Tsantoulis et al., 2007, Schliephake, 2003, Wakulich et al., 2002, Sudbø, 

2004). In addition, matrix metalloproteinases (MMP)- 1, 2, 3, 9, 10 and 13 were also 

shown to play essential role in tumor invasion and metastasis of OSCC (Thomas et 

al., 1999). Altogether, like any other malignancies, development of oral cancer is also 

a result of cumulative effect of numerous molecular alterations with novel targets 

added to the list every time.     

1.2.4 Staging and grading of oral cancer: 

TNM staging: 

Figure 1.1: Genetic and molecular alterations associated with the development of 

OSCC (Adapted from: Pérez-sayáns et al., 2009, Tanaka and Ishigamori, 2011).  
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The TNM system of classification of malignant tumors was first described by Pierre 

Denoix and was later adapted by the International Union against Cancer. TNM 

staging system is mainly based on the assessment of three main components: (i) T, 

surface diameter of the primary tumor, (ii) N, presence or absence and extent of 

regional/cervical lymph node metastasis, and (iii) M, presence or absence of distant 

metastasis (Mupparapu and Shanti, 2018). Table 1.1 summarizes the TNM staging of 

oral cancer. 

Table 1.1: TNM staging (Mupparapu and Shanti, 2018) 

T (Primary tumor) N (Lymph node metastasis) M (Distant 

metastasis) 

TX- cannot be assessed Nx- cannot be assessed Mx- cannot be assessed 

T0- No evidence of primary 

tumor 

N0- No regional lymph node 

metastasis 

M0- No distant 

metastasis 

Tis- Carcinoma in situ N1- Metastasis in a single 

ipsilateral lymph node, ≤3 cm 

in greatest dimension 

M1- Distant metastasis 

T1- Tumor ≤2 cm in 

greatest dimension 

N2- Metastasis in a single 

ipsilateral lymph node, 3-6 

cm in greatest dimension; or 

in multiple ipsilateral lymph 

nodes, ˂6 cm in greatest 

dimension; or in bilateral or 

contralateral lymph nodes, ˂6 

cm in greatest dimension 

- 

T2- Tumor 2-4 cm in 

greatest dimension 

N2a- Metastasis in a single 

ipsilateral lymph node, 3-6 

cm in greatest dimension 

- 

T3- Tumor >4 cm in 

greatest dimension 

N2b- Metastasis in multiple 

ipsilateral lymph nodes, none 

>6 cm in greatest dimension 

- 
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T4a- Lip Tumor invades 

through cortical bone, 

inferior alveolar nerve, floor 

of mouth, or skin of face 

(i.e., chin or nose) 

Oral Tumor invades through 

cortical bone, into deep 

[extrinsic] Cavity Muscle of 

tongue, maxillary sinus, or 

skin of face 

N2c- Metastasis in bilateral or 

contralateral lymph nodes, 

none >6 cm in greatest 

dimension 

- 

T4b- Tumor involves 

masticator space, pterygoid 

plates, or skull base and/or 

encases internal carotid 

artery 

N3- Metastasis in a lymph >6 

cm in greatest dimension 

- 

 

Histopathologic grading:  

In addition to TNM staging, the head and neck tumors are also categorized into 

different pathological grades based on the differentiation status. Table 1.2 describes 

the ‘G’ grading system of head and neck malignancies except thyroid (Mupparapu 

and Shanti, 2018). 

Table 1.2: Histopathologic grading (Mupparapu and Shanti, 2018) 

Grades Differentiation status 

Gx Grade of differentiation cannot be assessed 

G1 Well differentiated 

G2 Moderately differentiated 

G3 Poorly differentiated 

G4 Undifferentiated 

Staging: 

Based on the TNM assessment, the head and neck tumors are further grouped into 

different stages. Table 1.3 represents the stage grouping of all head and neck tumors 

except nasopharyngeal and thyroid tumors (Mupparapu and Shanti, 2018). 
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Table 1.3: Stage grouping (Mupparapu and Shanti, 2018) 

Stage T status N status M status 

0 Tis N0 M0 

I T1 N0 M0 

II T2 N0 M0 

III 

T3 N0 M0 

T1 N1 M0 

T2 N1 M0 

T3 N1 M0 

IVA 

T4a N0 M0 

T4a N1 M0 

T1 N2 M0 

T2 N2 M0 

T3 N2 M0 

T4a N2 M0 

IVB 
T4b Any N M0 

Any T N3 M0 

IVC Any T Any N M1 

R classification: 

Further, the oral cancers have also been classified based on presence of tumor post-

treatment i.e. residual tumor (R) which is denoted as R classification. Table 1.4 

describes the R classification of all head and neck tumors (Mupparapu and Shanti, 

2018).   

Table 1.4: R classification of all head and neck tumors (Mupparapu and Shanti, 2018) 

 Residual tumor post treatment (R) 

Rx Presence of residual tumor cannot be assessed 

R0 No residual tumor 

R1 Microscopic residual tumor 

R2 Macroscopic residual tumor 

1.2.5 Risk factors: 

It is well known that the main causative factor for oral cancer is consumption of 

tobacco and tobacco related components, alcohol, betel leaf/nut etc. (Gupta et al., 
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2013, Mignogna et al., 2004, Goel et al., 2014). Besides tobacco, age, gender, viral 

infections like human papilloma virus (HPV), air pollution and immune deficiency 

syndromes are also believed to be the potential risk factors for oral cancer (Oral 

cancer foundation) (Figure 1.2). 

 

 

 

 

 

 

 

 

 

 

 

Tobacco: In India alone more than 275 million people are reported to consume 

tobacco out of which around 164 million consume smokeless tobacco, 69 million are 

smokers, and 42 million consume both smoke and smokeless tobacco thus directly 

exposing to high risk of developing oral cancers (Barik et al., 2016). Tobacco is 

consumed in various forms like chewing tobacco, oral use of snuff, smoking of cigars, 

cigarettes, bidis, pipes etc. in different parts of India (Radhakrishnan et al., 2012). In 

addition, it has been identified that tobacco and tobacco smoke contains more than 

8,000 chemicals including 70 potent carcinogenic chemicals that can induce the 

development of more than 14 types of cancers by altering several cellular signaling 

cascades such as PI3K/Akt, STAT3, MEK/ERK, NF-κB etc. and inducing mutations 

Figure 1.2: Risk factors associated with oral cancer 

Alcohol Tobacco and tobacco related carcinogens 

Viral infection 

Immunity, Age, gender, life style, genetic susceptibility, etc.  
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in tumor suppressor genes (Hecht and Szabo, 2014, Hecht, 2003, Xue et al., 2014). 

Benzo[a]pyrene (BaP) and tobacco specific N’-nitrosamines (TSNAs) such as N-

Nitrosonornicotine (NNN) and 4 [methylnitrosoamino]-1-[3-pyridyl]-1-butanone 

(NNK) etc. are some of the carcinogens identified and isolated from tobacco. These 

are known to induce debilitating mutations in the genetic material including formation 

of DNA adducts and free radical formation which give raise to cancers of oral cavities 

(Johnson, 2001, Bartsch et al., 1999). Moreover, intake of tobacco in any form, 

conjunction with or without alcohol was also found to be generally correlated with 

leukoplakia and erythroplakia, the initial stages of oral cancer which possess high risk 

of developing into a malignant disease (Goel et al., 2014).  

Alcohol: In case of non-smokers, alcohol was shown to be a main risk factor for oral 

cancer (Radhakrishnan et al., 2012). Consumption of alcohol damages the oral 

mucosa, by removing lipids and increasing the membrane permeability to 

carcinogenic compounds. Further, alcohol consumption is also known to damage the 

liver, thus impeding the detoxification of different mutagens and increasing the 

oncogenic effect of carcinogens particularly in oral mucosa (Radhakrishnan et al., 

2012). In addition, alcohol was shown to act synergistically with the tobacco 

components in increasing the risk of OSCC by acting as a solvent for tobacco 

carcinogens. Moreover, generation of free radicals and acetaldehyde, an immediate 

metabolite of ethanol, were also known to contribute to alcohol mediated oral 

carcinogenesis through DNA damage (Radhakrishnan et al., 2012, Feller et al., 2013).   

Viruses: In addition to the chemical carcinogens, viral infection is also known to 

cause oral cancer. Both DNA and RNA viruses have been shown to possess 

tumorigenic properties. Although, many viruses like Epstein- Barr virus (EBV), 

Herpes Simplex viruses (HSV), Retroviruses and human papillomavirus (HPV) have 
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been implicated in the development of oral cancer, only HPV is regarded as the major 

risk factor as around 42% oral cancer patients were found to be positive for HPV 

infection (Radhakrishnan et al., 2012). HPV is a DNA virus that affects the epithelial 

cells of mucosa. Several reports have shown a strong correlation of HPV infection 

with OSCC. For instance, Jalouli et al., 2010 identified around 24% of OSCC patients 

samples to have HPV DNA and 16% to have HPV 16 and 18 (Jalouli et al., 2010, 

Chen and Zhao, 2017). Similarly, in another study sampling of 118 OSCC samples 

showed that 43% of them contained HPV DNA and 35% contained HPV 16 and 18 

DNAs (Ostwald et al., 2003, Chen and Zhao, 2017). HPV viral genome consists of 

early (E) and late (L) genes that encode E1-E7 proteins and L1 and L2 capsid proteins 

respectively. Among the early proteins, E6 and E7 were known to have malignant 

potential. For example, E6 protein was shown to bind with E6-associated ubiquitin 

ligase and induce p53 degradation. E7 binds to retinoblastoma protein (pRb) and 

inhibit its association with E2F. However, there are no clear evidences that explain 

the mechanism of HPV mediated oral carcinogenesis. Nevertheless, presence of HPV 

DNAs is regarded as a potential risk factor for the development of OSCC (Chen and 

Zhao, 2017).  

Other risk factors: Apart from the above mentioned causes, many other factors such 

as immunosuppression by chemotherapeutic drugs, graft-versus-host disease (GVHD) 

during stem- cell transplantation, and radiation are also known to induce oral 

carcinogenesis (Cancer treatment centers of America). In addition, poor oral hygiene, 

faulty restorations, sharp teeth and ill-fitting dentures may also play a key role in 

etiopathogenesis of oral cancer (Radhakrishnan et al., 2012).    
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1.2.6 Therapeutic strategies: 

The most commonly used treatment strategies for OSCC are surgery, radiotherapy 

and chemotherapy or combination of these. Selection of treatment strategy relies on 

the severity of the disease, age and health of the patients (Das and Nagpal, 2002). 

Detection in early stages can give better treatment options and better prognosis. 

However, in majority of the cases, it is diagnosed only in the advanced stages which 

narrow down the chances of recovery (Mignogna et al., 2004). 

Surgery: Surgery is the prime and preferred treatment modality for small accessible 

tumors (Stage I and Stage II OSCCs) in which the tumor along with a thin lining of 

tumor adjacent normal tissues is removed. Excision of a part or all of the jaw, lymph 

nodes and other tissue in the neck, maxillectomy, tracheotomy to help in breathing for 

patients with large tumors or after surgical removal of the tumor, dental surgery to 

remove teeth or assist with reconstruction are the common surgical methods in 

practise. However, for the cancers that have invaded the bone, tumor should be 

excised along with the segment of the bone (Alvi et al., 1996).  

Adjuvant therapy: As the surgical removal of advanced tumors often associated 

relapse, adjuvant therapy is used where the primary site and neck with positive nodes 

are treated with a total dose of 60 Gy radiation within 6 weeks after surgery to avoid 

any relapse or metastasis. With recent development of novel therapeutic drugs, 

chemotherapy is also used before and after surgery or in combination with radiation 

(chemoradiotherapy) which has emerged as a standard method of treating oral cancers 

(Omura, 2014).      

Radiation therapy: Radiation therapy is also usually recommended for small tumors 

or in the initial stages of tumor. In radiation therapy high energy rays like X-rays or γ- 

rays are used to kill or shrink the size of tumors. Fractionation of radiation should be 
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used to prevent the surrounding normal cells from damage. Two types of 

fractionations can be done: (i) hyper-fractionation in which small doses of radiation 

are given at different time points in a single day; (ii) in accelerated fractionation, rate 

of weekly dose accumulation that is 20 to 50 percent faster than that of standard 

fractionation is set. This will reduce the treatment time duration and tumor recurrence 

that most likely to happen between fractions (Budach et al., 2006, Awwad et al., 

2002). National Comprehensive Cancer Network suggested that 66-74 Gy is the best 

sited dose for the treatment of OSCC. Radiation therapy can also be combined with 

chemotherapy for better prognosis (David et al., 2011, Kerawala et al., 2016). Also, it 

is used as adjuvant therapy after the surgical removal of tumors in order to prevent 

recurrence (Omura, 2014).   

Chemotherapy: Several decades of cancer research developed numerous natural and 

synthetic chemotherapeutic drugs which are most often used before surgery or in 

combination with radiation to inhibit tumor growth, progression, and invasion and 

induce cell death in cancer cells. Cisplatin, carboplatin, ifosfamide, methotrexate, 

bleomycin, cetuximab, fluorouracil, paclitaxel, and docetaxel etc. are some of such 

chemotherapeutics commonly used in the management of oral cancer (Fotedar et al., 

2013, Vermorken and Specenier, 2010). Aforementioned, chemotherapy can be either 

neoadjuvant therapy where chemotherapeutic drug is used before any other therapy or 

integrated chemoradiation where the drug and radiation are given simultaneously 

(Jain et al., 2008, Kerawala et al., 2016).  

However, none of these treatment methods are 100% successful as all these are 

associated with their own complications. For example, surgery cannot be used for 

large tumors. In radiotherapy, along with the tumor cells it also affects the 

neighbouring normal tissues. Chemotherapy is also associated with adverse side 
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effects such as nephrotoxicity, fatigue, vomiting, diarrhea, bone marrow suppression, 

myelosuppression, hepatic dysfunction, ischemic heart disease, hypertension, malaise 

etc. (Liu et al., 2014a, Tahover et al., 2015, Sindhu and Bauman, 2019). Besides the 

side effects, in most cases, cancer cells develop resistance against the treatment and 

tumor recurrence also pose a great difficulty in managing this aggressive disease 

(Wang et al., 2012a). The complications in the management of oral cancer are mainly 

attributable to diagnosis at the advanced stage of the disease and lack of proper 

therapeutic targets. Therefore, it is mandatory to discover novel therapeutic, 

diagnostic and prognostic molecular targets for the better management of OSCC.  

1.3 TNFAIP8 Family 

Tumor necrosis factor (TNF)-α- induced protein 8 (TNFAIP8) or TIPE family of 

proteins comprises of four proteins namely TNFAIP8 (TIPE), TNFAIP8L1 (TIPE1), 

TNFAIP8L2 (TIPE2), and TNFAIP8L3 (TIPE3) (Padmavathi et al., 2018; Sun et al., 

2008, Freundt et al., 2008, Lou and Liu, 2011). All four proteins of this family were 

found to have a remarkable structural homology among themselves and share no 

significant sequence or structural homology with any other protein families except a 

minor similarity in their death effector domain (DED) thus the TIPE family is 

regarded as a novel subfamily of DED containing proteins (Padmavathi et al., 2018; 

Kumar et al., 2000, You et al., 2001, Kumar et al., 2004, Freundt et al., 2008, Lou and 

Liu, 2011, Fayngerts et al., 2014). Further, the TIPE proteins were found to have a 

highly conserved TIPE2 homology (TH) domain with seven α helices making a 

hydrophobic cavity. Interestingly, the TIPE3 protein was found to be a lipid carrier 

that interacts and transports lipid secondary messengers through this hydrophobic 

cavity (Fayngerts et al., 2014). In spite of the structural homology, TIPE proteins 

were found to differentially regulate various cellular processes. For example, TIPE 
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was shown to regulate cell growth and apoptosis and promote tumor metastasis; 

TIPE1 was found to regulate autophagy; TIPE2 was shown to regulate immune 

homeostasis; and TIPE3 was found to be a transporter of lipid secondary messengers 

(Padmavathi et al., 2018, Lou and Liu, 2011, Fayngerts et al., 2014, Sun et al., 2008, 

Zhang et al., 2012a). With their immune and death regulatory activities the TIPE 

proteins were found to modulate the expression of various signalling molecules and to 

play crucial roles in the tumorigenesis of different cancers (Padmavathi et al., 2018).  

1.3.1 TNFAIP8 (TIPE):  

Tumor necrosis factor (TNF)-α- induced protein 8 is the first discovered member of 

TIPE family which is also called as SCC-S2, GG2-1, NF-κB-inducible DED-

containing protein (NDED), MDC-3.13 and TIPE (Patel et al., 1997, Kumar et al., 

2000, Lou and Liu, 2011). Patel et al. (1997) first identified TIPE as a differentially 

expressed transcript in primary and matched metastatic cell lines derived from 

metastatic radioresistant head and neck squamous cell carcinoma patient and named it 

as SCC-S2 (Patel et al., 1997). It is a 23 kDa cytosolic protein containing 198 amino 

acids encoded by TNFAIP8 gene positioned at 5q23.1 chromosomal region (Gene ID: 

25816, UniProtKB - O95379 (TFIP8_HUMAN)). Further, TIPE was found to have a 

small DED homologous to the DED II of Fas-associated death domain-like 

interleukin-1β-converting enzyme-inhibitory protein (FLIP) at the amino terminus 

which contributes to the protein’s cell death regulatory function (Kumar et al., 2000, 

Kumar et al., 2004, Padmavathi et al., 2018). BLAST search of this DED domain 

showed sequence similarities: mouse CASH α/β, 58%; mouse FLIP (L), 53%; human 

CASH α/β, 50%; and human FLIP(L), 58% (Kumar et al., 2000). Expression of TIPE 

was found in both normal as well as tumor cells, levels of which can be induced by 

TNF-α mediated activation of NF-κB (Padmavathi et al., 2018, Kumar et al., 2000). In 
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general, a moderate to low level of TIPE expression was found in the tissues of 

adrenal glands, heart, lung, ovary, skeletal muscle, spinal cord and testis. In contrast, 

expression of TIPE was observed to be relatively high in the tissues of bone marrow, 

lymph node, placenta, spleen, thymus and thyroid. Similarly, increased TIPE 

expression was also found in foetal liver, lung, and kidney tissues. In addition, TIPE 

expression was also detected in both cytokine-activated and unstimulated endothelial 

cells. However, its expression could not be detected in brain tissues (Kumar et al., 

2000, Horrevoets et al., 1999). 

Functions of TIPE: 

TIPE is considered as a negative regulator of apoptosis as it inhibited the TNF-α 

induced cell death in HeLa cells (Kumar et al., 2000; Luan et al., 2013). Further, the 

anti-apoptotic activity of TIPE was found to be regulated by NF-κB. Surprisingly, 

overexpression of TIPE was shown to supress TNF-mediated apoptosis in NF-κB null 

cells as well. In addition, IκBα, a natural inhibitor of NF-κB was also found to inhibit 

the expression of TIPE. Taken together, TIPE is a NF-κB-inducible anti-apoptotic 

molecule which may possess a potential role in NF-κB-related tumors (You et al., 

2001). Additionally, it was also reported that interaction of TIPE with Gαi, an 

inhibitory G-protein, is essential for the oncogenic transformation of Gi/Go-coupled 

D2S receptor (dopamine D2 receptor short form) transfected mesenchymal Balb/c-

3T3 fibroblast cells as the constitutive activation of TIPE and Gαi resulted in the 

initiation of D2S receptor signaling which in turn inhibited TNF-α-induced cell death 

(Laliberté et al., 2010). Furthermore, TIPE was found to exert its anti-apoptotic 

activity through the inhibition of caspase-8 and caspase-3 activities. However, it 

failed to inhibit the etoposide-mediated apoptosis of fibrosarcoma cells as it was 

caspase-8 independent mechanism thus further assuring the importance of caspases in 
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the anti-apoptotic activity of TIPE (You et al., 2001, Kumar et al., 2000, Kumar et al., 

2004, Zhang et al., 2006). Interestingly, TIPE was also found to exhibit pro-apoptotic 

activity in glucocorticoid treated thymocytes signifying the fact that effect of TIPE on 

the regulation of apoptosis may depend on the stimulator (Woodward et al., 2010). 

Additionally, TIPE expression was also found to contribute to the genetic 

susceptibility of A/J mice to Staphylococcus aureus sepsis (Ahn et al., 2010). Further, 

TIPE was found to play essential role in immune regulation, suppression of which 

resulted in elevated production of inflammatory cytokines, leukocyte infiltration, and 

bacterial invasion leading to colitis in dextran sodium sulfate (DSF)-induced mice. 

Also, suppression of TIPE reduced proliferation and increased cell death of intestinal 

epithelial cells (Sun et al., 2015). In support to the immune regulatory function of 

TIPE, Xin et al. (2016) showed that knockdown of TIPE reduced the proliferation of 

CD4+ T lymphocyte, and the levels of IL-2 and soluble IL-2R in thermal injured mice 

model (Xin et al., 2016). In addition to all, TIPE was also found to play essential role 

in the regulation of various processes of tumorigenesis such as cell survival, cell cycle 

progression, invasion, metastasis and angiogenesis (Padmavathi et al., 2018). 

TIPE in cancer: 

Aforementioned, TIPE was proved to regulate various hallmarks of cancer endorsing 

the importance of this protein in cancer development and progression (Figure 1.3A). 

In support to this, overexpression of TIPE was observed in different cancers like 

breast cancer, chronic myelogenous leukemia, colon cancer, hepatocellular carcinoma 

(HCC), lymphoblastic leukemia, lung carcinoma, renal cell carcinoma and thyroid 

carcinoma etc. (Kumar et al., 2000, Kumar et al., 2004, Dong et al., 2010, Dong et al., 

2017, Miao et al., 2012, Duan et al., 2014). Further, overexpression of TIPE was 

found to be associated with increased invasion and metastasis of breast cancer through 
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the regulation of vascular endothelial growth factor receptor-2 (VEGFR-2), MMP-1, 

and MMP-9 (Kumar et al., 2004, Zhang et al., 2006). In line with this, overexpression 

of TIPE was also shown to be positively associated with advanced TNM stage, 

axillary lymph node metastasis, postoperative recurrence and poor survival of 

invasive ductal breast carcinoma (IDC) patients suggesting the prognostic value of 

TIPE in IDC (Xiao et al., 2017). Similarly, increased levels of TIPE was correlated 

with increased proliferation and lymph node metastasis of colon cancer as well, 

downregulation of which significantly reduced proliferation and colony forming 

ability of Caco-2 and HCT116 colon cancer cells by downregulating cyclin D1 and 

pRb (Miao et al., 2012). In addition to breast and colon cancers, TIPE overexpression 

was also correlated with lymph node metastasis and poor survival of lung cancer and 

silencing of the same resulted in reduced proliferation, migration and invasion of 

A549 and H1299 lung cancer cells (Dong et al., 2010). Further, the TIPE associated 

increase in proliferation and invasion of lung cancer cells was found to be mediated 

through deregulation of Hippo pathway as TIPE inhibited the negative regulator of 

Yes associated protein 1 (YAP1) i.e. large tumor suppressor kinase 1 (LATS1) (Han 

et al., 2018). Likewise, TIPE overexpression was found to modulate the Hippo 

pathway by inhibiting LATS1 and YAP phosphorylation in HCC as well which 

resulted in increased tumor growth, cell proliferation, invasion and migration of HCC 

cells. Also, the increased TIPE level in HCC was correlated with increase in TNM 

stage, tumor recurrence, and poor prognosis (Dong et al., 2017). In addition, the 

pancreatic patients with increased TIPE levels had increased EGFR levels, disease 

progression and lymph node metastasis suggesting the importance of TIPE in 

pancreatic cancer as well (Liu et al., 2012). Furthermore, TIPE was also found to be 

upregulated in endometrial cancer (EC), gastric cancer, intestinal-type gastric 
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Figure 1.3: (A) TIPE induces tumorigenesis through deregulation of multiple 

cellular events and signaling cascades; (B) TIPE1 negatively regulates the genes 

involved in cell survival, proliferation, and migration, and positively regulates the 

genes involved in apoptosis. ↑- upregulation; ↓- downregulation. (Adapted from: 

Padmavathi et al., 2018) 

(A) 

(B) 
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adenocarcinoma (IGA), platinum-resistant epithelial ovarian cancer (EOC) and 

esophageal squamous cell carcinoma (ESCC) and associated with lymph node 

metastasis, tumor recurrence, poor survival and prognosis (Liu et al., 2013, 2014b, 

2014c, Li et al., 2015a, Yang et al., 2014, Chen et al., 2016, Hu et al., 2016, 

Hadisaputri et al., 2012). Adding to this, silencing of TIPE also resulted in the 

decreased cell growth, proliferation, invasion and migration in both gastric cancer and 

ESCC in vitro (Li et al., 2015a, Hadisaputri et al., 2012, Sun et al., 2016). Moreover, 

it was also reported that increased nuclear levels of TIPE is associated with prostate 

cancer recurrence (Zhang et al., 2013a). Further, studies on osteosarcoma revealed 

overexpression of TIPE to be a contributing factor for the development and 

progression of osteosarcoma and miR-99a and miR-138 to be the negative regulators 

of TIPE in osteosarcoma (Xing and Ren, 2016, Zhou et al., 2017). Besides the 

elevated expression, single nucleotide polymorphism (SNP) in the TIPE gene was 

also found to be associated with cancer development. For instance, one such SNP 

1045241C>T was observed in significant number of Non-Hodgkin’s lymphoma 

(NHL) patients marking it as a susceptibility factor for NHL development (Zhang et 

al., 2012a). Another SNP TIPE-rs11064 was identified in cervical cancer patients, 

which was found responsible for platinum resistance, and poor survival (Shi et al., 

2013). 

TIPE in other pathological conditions: 

Apart from cancer, TIPE proteins were also found to be involved in other chronic 

diseases such as diabetic nephropathy (DN). All the four proteins of the TIPE family 

were found to be differentially expressed in kidney and renal cells. However, not all 

the four but only TIPE and TIPE2 were observed to be overexpressed in the glomeruli 

of streptozotocin (STZ)-induced diabetic rats and in renal biopsies of DN patients 
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(Bordoloi et al., 2018). Furthermore, expression of TIPE was upregulated in response 

to high glucose or TNF-α in mesangial cells and there was a strong association 

between high glucose induced TIPE overexpression and mesangial cell proliferation. 

Also, NADPH oxidase activity was shown to be a mediator of this high glucose or 

TNF-α induced overexpression of TIPE. All these findings indicated that TIPE is an 

important molecule in the signal transduction that correlates mesangial cell 

proliferation with diabetic renal injury thus inhibition of TIPE could be a possible 

therapeutic strategy for the treatment of DN (Zhang et al., 2010a). Further, TIPE was 

also proved to regulate the pathogenesis of listeriosis by modulating pathogen 

invasion and host cell apoptosis during Listeria monocytogenes infection. Silencing of 

TIPE increased the host cell resistance towards the lethal L. monocytogenes infection 

and reduced the pathogen invasion and bacterial load in the spleen and liver of the 

mice in a Rac1 GTPase-dependent manner (Porturas et al., 2015). It was also found to 

facilitate the insulin-mediated inhibition of autophagy in hepatocytes during 

conditions like obesity and diabetes by forming a ternary complex with 

phosphatidylethanolamine (PE) and Gαi3 (Kim et al., 2017). Further, TIPE was also 

shown to be involved in the pathogenesis of cecal ligation and puncture (CLP) 

induced immune dysfunction in splenic T lymphocytes (Yu et al., 2018). Besides, a 

very recent report identified an indel (chr5:118704153:D) mutation in TNFAIP8 locus 

to be present in the patients with plantar fascial disorders suggesting its role in the 

disease susceptibility (Kim et al., 2018). Also, as mentioned earlier, loss of TIPE 

increased the susceptibility to colitis in dextran sodium sulfate (DSF)-induced mice 

model (Sun et al., 2015).    

1.3.2 TNFAIP8L1 (TIPE1): 

TH-2320_136106007



Chapter 1 
 

27 
 

The next identified member of the TIPE family is tumor necrosis factor-α-induced 

protein 8-like 1 (TNFAIP8L1/TIPE1/Oxi-β). It is also a cytosolic protein, first 

discovered in 2008 by Sun et al. (Sun et al., 2008, Luan et al., 2013, Ha et al., 2014). 

Unlike TIPE, it has been shown to have anti-survival activity (Hitomi et al., 2008, 

Galluzzi et al., 2008). Further, expression of TIPE1 was detected in various murine 

tissues and human cell lines including germ cells, hepatocytes, muscular tissues, 

neurons, secretary cells of the epithelial origin, human B lymphoblast and murine T 

cells. However, mature B and T lymphocytes were found to lack TIPE1 expression 

(Cui et al., 2008). 

Functions of TIPE1:  

TIPE1 is suggested to have an anti-survival and pro-apoptotic function as 

downregulation of TIPE1 resulted in the inhibition of TNF-α and Z-VAD-FMK 

(carbobenzoxy-valyl-alanyl-aspartyl-[O-methyl]- fluoromethylketone) a pan-caspase 

inhibitor mediated necroptosis of murine fibroblast cells (Hitomi et al., 2008, Galluzzi 

et al., 2008, Lou and Liu, 2011). Similarly, TIPE1 was also found to positively 

regulate autophagy through modulation of mTOR signaling. For instance, oxidative 

stress generated in a 6-hydroxydopamine (6-OHDA)-induced Parkinson's disease 

model was shown to increase the levels of TIPE1 which binds to FBXW5 and 

stabilizes the tuberous sclerosis complex 2 (TSC2), a negative regulator of mTOR 

thus ultimately resulting in increased autophagy of dopaminergic neurons (Ha et al., 

2014).     

TIPE1 in cancer: 

Unlike TIPE, the role of TIPE1 in cancer is largely unknown. However, an elevated 

mRNA levels were observed in cervical carcinoma, tongue carcinoma, ovarian 

carcinoma and melanoma cells suggesting a possible involvement in cancer 
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development (Cui et al., 2008). In contrast to this, a decreased TIPE1 protein 

expression was observed in HCC tissue samples compared to the adjacent normal 

tissues indicating the anti-cancer effect of TIPE1. Further supporting this fact, TIPE1 

expression was found to remarkably reduce the liver tumor growth in vivo. And 

adding to its pro-apoptotic effect, upregulation of TIPE1 was found to be associated 

with decreased cell growth and increased cell death of HCC cells in vitro. Further, the 

TIPE1 mediated apoptosis of HCC cells was identified to be caspase-independent and 

achieved through interactive inhibition of Rac1 and its targets such as c-Jun N-

terminal kinase (JNK) and NF-κB pathways (Zhang et al., 2015a). In addition, Wang 

et al. (2016) also further confirmed the direct involvement of TIPE1 in apoptosis 

induction of RAW264.7, a murine macrophage cell line in which they have shown 

increased levels of TIPE1 to significantly increase apoptosis and cisplatin-induced 

cell death of RAW264.7 cells in vitro and suppress tumor growth in vivo through 

upregulation of Bax, Bik, and Puma (Wang et al., 2016a). Further supporting the 

antitumorigenic effect, reduced levels of TIPE1 was found in lung cancer as well, 

recovery of which resulted in the activation of pro-apoptotic genes caspase-3 and -8 

and downregulation of cyclin B1, cyclin D1, MMP-2, and -9 leading to increased 

apoptosis and decreased proliferation, invasion and tumor growth (Wu et al., 2017a). 

All these findings suggested TIPE1 to be a pro-apoptotic and antitumor protein 

(Figure 1.3B). 

1.3.3 TNFAIP8L2 (TIPE2): 

Tumor necrosis factor-α-induced protein 8-like 2 (TNFAIP8L2/TIPE2), the third 

member of TIPE family, is a cytosolic protein with 53% sequence similarity to human 

TNFAIP8/TIPE and encoded by TNFAIP8L2 gene (Sun et al., 2008, Freundt et al., 

2008, Zhang et al., 2010b, Padmavathi et al., 2018). TIPE2 was initially identified in 
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experimental autoimmune encephalomyelitis (EAE) where the expression was several 

fold increased in the inflamed spinal cord and completely absent in normal spinal cord 

suggesting a strong correlation with inflammation. In line with this, it was found to be 

expressed in lymphoid and myeloid tissues, macrophages, B and T lymphocytes and 

induced by the cytokine TNF-α in other tissues (Sun et al., 2008, Lou and Liu, 2011). 

Further, it was also found to be expressed in hepatocytes, glandular epithelial cells of 

the stomach, colon, and appendix, germ cells, squamous epithelial cells of esophagus 

and cervix, transitional epithelial cells of bladder and ureter, and neurons of the brain 

and brainstem. Moreover, expression of TIPE2 is expected to be tissue specific (Lou 

and Liu, 2011, Zhang et al., 2010b, 2011, Li et al., 2018, Carmody et al., 2002). 

Structural features of TIPE2: 

Zhang et al., (2009) solved the crystal structure of human TIPE2 protein and 

discovered some novel interesting facts about this protein. First of all, TIPE2 was 

found to be made of a helix bundle comprising six antiparallel α-helices and the α5 

was split into two parts α5a (long) and α5b (short) by a small kink created by Pro153. 

This α5b formed the base of the bundle. Interestingly, the crystal structure of TIPE2 

revealed that it does not share any structural similarity with DED or any other 

functional proteins suggesting a novel uncharacterized fold. However, a detailed 

analysis of the topology diagram of TIPE2 showed that TIPE2 topology is the mirror 

image of DED topology. Another interesting finding is the central highly hydrophobic 

cylindrical cavity. Moreover, the hydrophobic residues of this cavity were found to be 

highly conserved among the other members of TIPE family across species suggesting 

an important cofactor binding possibility and this domain is called as TIPE2 

homology (TH) domain (Zhang et al., 2009, Fayngerts et al., 2014).                      

Functions of TIPE2:  
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TIPE2 has been proved to play crucial roles in the regulation of inflammation and 

immune homeostasis. For instance, TIPE2 was shown to negatively impact the Toll-

like receptor (TLR) and T cell receptor (TCR) signaling pathways (Sun et al., 2008, 

Freundt et al., 2008). Further exemplifying its significance in the maintenance of 

immune response, knockout of TIPE2 was found to be associated with fatal 

inflammatory diseases and systemic autoimmunity in mice and human respectively 

(Zhang et al., 2010b). Also, TIPE2 knockout mice were found to develop multi-organ 

inflammation, splenomegaly and premature death. In addition, loss of TIPE2 

increased the CD4+ and CD8+ T cell immune responses resulting in hypersensitivity 

reactions, and auto-inflammatory diseases. Further, the loss of TIPE2- mediated 

inflammatory diseases were associated with accumulation of inflammatory cytokines 

such as interleukin (IL)-1, IL-6, IL-12, and TNF-α in the serum (Sun et al., 2008, 

Freundt et al., 2008, Lou and Liu, 2011, Padmavathi et al., 2018). Likewise, 

overexpression of TIPE2 was found to inhibit the activation of T lymphocytes and 

induction of CD4+CD25+ Treg-mediated immune suppressive functions (Sun et al., 

2008, Luan et al., 2011). Furthermore, TIPE2 was proved to contribute to the 

leukocyte chemotaxis thus critically regulating the process of inflammation 

(Fayngerts et al., 2017). In addition to immune homeostasis, TIPE2 was also 

suggested to regulate cell division (Sun et al., 2008). Further, it was also found to 

have a pro-apoptotic effect as it interacted with caspase-8 and stimulated Fas-induced 

apoptosis of immune cells through inhibition of AP-1 and NF-κB (Sun et al., 2008). 

Moreover, TIPE2 was shown to maintain the balance between cell survival and cell 

death through inhibition of Ral and Akt activation (Gus-Brautbar et al., 2012). In 

addition to the NF-κB and Akt pathways, TIPE2 was also found to negatively regulate 

JNK and p38 MAPK pathways (Sun et al., 2008, Lou and Liu, 2011). Interestingly, 
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microRNA-21, a direct target of NF-κB is considered to regulate the expression of 

TIPE2 in a coding region-dependent manner. For example, in activated T cells and 

macrophages, miR-21 was highly expressed, whereas TIPE2 was downregulated and 

in contrary to miR-21 deficient cells, the TIPE2 deficient T cells were found 

insensitive to apoptosis. Therefore, it is clear that miR-21 inhibits apoptosis of T cells 

through the regulation of tumor suppressor gene TIPE2 (Ruan et al., 2014). Further, 

TIPE2 was also proved to prevent stroke and act as a neuroprotectant (Zhang et al., 

2012b). Moreover, it was also found to control phagocytosis thus modulating the 

susceptibility of animals to bacterial infections (Wang et al., 2012b).  

TIPE2 in cancer: 

Exemplifying the involvement of TIPE2 in tumorigenesis, reports have shown TIPE2 

to negatively regulate the activation of Ras oncogene which has been well known to 

induce several hallmarks of cancer such as cell survival, proliferation, migration, and 

malignant transformation. TIPE2 was shown to bind with Ras-interacting domain of 

the RalGDS family of proteins thus preventing the complex formation of Ras and its 

effector proteins ultimately resulting in the inhibition of Ral and Akt activation. 

Further assuring its inhibitory effect on Ras signaling, knockdown of TIPE2 reversed 

the inhibition on Ras pathway leading to the increased activation of Ral and Akt 

which in turn reduced cell death and increased the migration of 293T cells. Thus, 

TIPE2 was expected to have an antitumorigenic effect (Padmavathi et al., 2018, Gus-

Brautbar et al., 2012). In support to this antitumorigenic activity, downregulation of 

TIPE2 observed in primary HCC patient samples was associated with increased tumor 

invasion and metastasis and forced upregulation of the same significantly decreased 

the invasion and migration of HCC cells through suppression of Rac1, MMP-9, 

urokinase plasminogen activator (uPA) and F-actin polymerization (Cao et al., 2013). 
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Further, the TIPE2 upregulation was also shown to inhibit TNF-α-induced metastasis 

of HCC cells through inhibition of LPS induced TNF-α secretion thus inactivating the 

TNF-α mediated upregulation of MMP-13/MMP-3, ERK1/2 and NF-κB (Zhang et al., 

2015b). Further implicating the importance of TIPE2 in the development of hepatitis 

C virus (HCV)-mediated HCC, the non-structural protein, NS5A of HCV induced the 

TIPE2 degradation and led to the development of HCC (Wang et al., 2016b). 

Likewise, decreased levels of TIPE2 were also observed in glioma and upregulation 

of the same inhibited the invasion, migration and epithelial to mesenchymal transition 

(EMT) of glioma cells via modulation of Wnt/β-catenin cascade and downregulating 

cyclin D1, and c-Myc (Liu et al., 2016). Similarly, in prostate cancer also 

downregulation of TIPE2 was observed and restoring the same resulted in the 

suppression of cell proliferation, migration, invasion and EMT. However, the 

mechanism was different, as in prostate cancer TIPE2 targeted the PI3K/Akt signaling 

(Lu et al., 2016). In line with prostate cancer, TIPE2 was found to exert its anticancer 

effect through modulation of PI3K/Akt pathway in gastric cancer as well, where the 

recovery of lost TIPE2 expression in gastric cancer cells inhibited the Akt signaling 

thereby activating GSK3β and suppressing β-catenin which resulted in reduced cell 

migration and invasion. Additionally, it was also found to target the EMT markers 

such as Snail1, Snail2/Slug, and Zeb1 contributing to the anti-metastatic effect (Wu et 

al., 2016, Yin et al., 2017). Also, an almost undetectable expression of TIPE2 was 

witnessed in gastric cancer cells in comparison to the normal gastric mucous epithelial 

cells (Wu et al., 2016). Further, it was also reported that TIPE2 expression is 

negatively correlated with the development of gastric cancer from gastritis and p27 is 

another downstream target of TIPE2 that contributes to its antitumor activities (Zhao 

et al., 2015, Peng et al., 2016). Moreover, induction of TIPE2 expression in gastric 
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cancer resulted in reduced tumor growth and increased apoptosis through inhibition of 

Akt and ERK1/2 pathways and activation of intrinsic apoptotic pathway (Zhu et al., 

2016). Furthermore, downregulation of TIPE2 was also detected in non-small cell 

lung cancers (NSCLC), expression of which was negatively associated with advanced 

clinical stage and lymph node metastasis. Similar to other cancers, TIPE2 

overexpression was associated with reduced invasion, migration and angiogenesis of 

lung cancer as well. This anti-invasive and anti-angiogenic properties of TIPE2 was 

mediated through inhibition of Rac1, F-actin polymerization, and VEGF expression 

(Li et al., 2016, Padmavathi et al., 2018). In addition, recent studies have also reported 

the involvement of TIPE2 in breast cancer where once again the downregulation was 

witnessed and induction of TIPE2 overexpression led to decreased proliferation, 

tumor growth, invasion, migration, EMT and metastasis by modulating the levels of 

β-catenin, cyclin D1, c-Myc, p-p38 and p-Akt and stimulating immune response in the 

tumor microenvironment and spleen via increased secretion of IFN-γ and TNF-α 

(Wang et al., 2017, Zhang et al., 2016, 2017, Padmavathi et al., 2018). 

In contrast to the aforementioned cancers, TIPE2 was found to be upregulated in 

colon cancer, ovarian adenocarcinoma, renal cell carcinoma (RCC), peripheral T 

lymphoma and diffuse large B-cell lymphoma (DLBCL) (Li et al., 2014, Zhang et al., 

2013c, 2010b, Hao et al., 2016). And the expression of TIPE2 was positively 

correlated with TNM staging and lymph node metastasis of RCC and colon cancers 

respectively (Zhang et al., 2013c, Li et al., 2014). Additionally, silencing of TIPE2 in 

colon cancer cells was demonstrated to significantly increase caspase-8 activity 

suggesting it to act as a negative regulator of caspase-8 in colon cancer (Li et al., 

2014). Moreover, skin squamous cell carcinoma patients having increased levels of 

TIPE2 in tumor-associated macrophages were found to be associated with poor  
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Figure 1.4: (A) Downregulation of TIPE2 leads to the activation of survival and 

proliferative signals; induction of angiogenesis, invasion, migration, and 

metastasis; and inhibition of pro-apoptotic signals, thus resulting in 

tumorigenesis; (B) TIPE3 acts as pro-tumorigenic molecule and induces 

proliferation and migration of cancer cells, and inhibits apoptotic cell death 

through the regulation of NF-κB, PI3K/Akt, and MAPK signaling pathways. ↑- 

upregulation; ↓- downregulation. (Adapted from: Padmavathi et al., 2018) 

(A) 

(B) 
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overall 5-year survival (Li, 2016, Padmavathi et al., 2018). Taken together, TIPE2 is 

known to have antitumor effect in most of the cancers and pro-tumorigenic effect in 

certain cancers suggesting a tissue specific role of TIPE2 in cancer (Figure 1.4A). 

TIPE2 in other pathological conditions: 

Similar to TIPE, elevated expression of TIPE2 was also found in glomeruli of 

streptozotocin (STZ)-induced diabetic rats and in renal biopsies of diabetic patients 

(Zhang et al., 2010a). Reduced mRNA expression of TIPE2 was observed in PBMC 

of patients with systemic lupus erythematosus (SLE), a multisystemic auto-immune 

disorder in which uncontrolled autoreactivity of B and T lymphocytes produces 

autoantibodies. Thus, it is believed to play a role in the pathogenesis of SLE (Li et al., 

2009). Further, TIPE2 expression was observed to be deregulated in Hepatitis B virus 

(HBV)-induced hepatic inflammation. And reduced TIPE2 levels were associated 

with increased levels of aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), and total bilirubin (Tbil) in blood as well as the HBV load of the patients. 

Interestingly, TIPE2 null mice were shown to develop more severe hepatitis than the 

wild type mice. These findings suggested that TIPE2 may hold an important role in 

HBV-induced hepatic inflammation (Xi et al., 2011, Zhang et al., 2015c). Moreover, 

elevated expression of TIPE2 was found in patients with acute-on-chronic hepatitis B 

liver failure (ACHBLF) which augmented the serum total bilirubin level. This 

upregulation induced disease progression through negative regulation of cell-mediated 

immunity (Wang et al., 2014a). Further, it is now well established that TIPE2 is a 

negative regulator of innate immunity downregulation of which induces 

hyperactivation of PI3K-Rac pathway and enhances Akt, Rac, P21-activated kinase, 

and IFN regulatory factor 3 activities. Consequently, TIPE2 null myeloid cells 

exhibited hyper reactivity to Polyinosinic-polycytidylic acid (Poly (I:C)) stimulation 
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and TIPE2 knockout mice displayed lethal hypersensitivity to Poly (I:C), a dsRNA 

receptor ligand that triggers Rac via its guanine nucleotide exchange factor Tiam 

which in turn activates cytokine genes. Therefore, it has been evidenced that TIPE2 

regulates innate immunity to RNA by deregulating the PI3K-Rac pathway which 

implies that targeting TIPE2 can help in controlling the RNA viral infections (Sun et 

al., 2012). Furthermore, TIPE2 was also found to promote colitis by inhibiting 

mucosal immunity to commensal bacteria (Lou et al., 2014). Additionally, Jia et al., 

(2013) studied the relation between kidney allograft rejection and expression of 

TIPE2. They observed a significant increase in protein levels in the PBMC of chronic 

rejection group (CR) than that of normal control group suggesting TIPE2 to be a 

potential biomarker for the clinical monitoring of kidney chronic allograft rejection 

(Jia et al., 2013). Besides, TIPE2 was also shown to be capable of inhibiting 

atherosclerosis via inhibition of vascular smooth muscle cells (VSMCs) proliferation 

which depends on p38 and ERK1/2 kinase signals (Zhang et al., 2013b, Lou et al., 

2013). Further, downregulation of TIPE2 was associated with childhood asthma and 

was correlated with the levels of immunoglobulin E (IgE), eosinophil, IL-4 that are 

higher in asthma children than the normal controls (Ma et al., 2013). Besides, 

downregulation of TIPE2 was also implicated in Hepatitis C virus (HCV) induced 

chronic hepatitis which increased TLR signalling (Kong et al., 2013).  All these 

findings suggest, in addition to cancer, TIPE2 plays essential role in other chronic 

diseases as well (Bordoloi et al., 2018).   

1.3.4 TNFAIP8L3 (TIPE3):  

Tumor necrosis factor-α-induced protein 8-like 3 (TNFAIP8L3/TIPE3) is the recently 

discovered and the least explored member of TIPE family (Lou and Liu, 2011). 

Similar to other family members, TIPE3 was also found to share a significant 
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sequence and structural homology among the family counterparts (Lou and Liu, 2011, 

Luan et al., 2013). Recent reports have suggested that attributable to its unique 

structure, TIPE3 acts as transporter of lipid secondary messengers which are well 

known to promote tumorigenesis (Fayngerts et al., 2014). Expression of TIPE3 was 

detected in most of the tissues including cardiac muscle, pancreatic islets, neurons of 

central nervous system, epithelial-derived secretory cells, tissues of colon, kidney, 

lung, prostate, respiratory trachea, small intestine, stomach, testis and uterus but was 

absent in esophagus and skeletal muscles (Cui et al., 2015, Padmavathi et al., 2018).   

Structural features of TIPE3: 

Analysis of the crystal structure revealed that, TIPE3 also contains the TH domain 

with six α-helices (α1-6), similar to that of TIPE2 and an extra N-terminal α-helix 

(α0). Moreover, TIPE3 was also found to have the large central hydrophobic cavity 

which was proved to be the binding site of various lipid molecules (Fayngerts et al., 

2014, Moniz and Vanhaesebroeck, 2014). In addition, the TIPE3 protein contains a 

unique N-terminal region (NT) of 19 amino acids which was found indispensable for 

the pro-tumorigenic activity of TIPE3 as removal of it significantly altered the protein 

function and exerted completely opposite effects from wild type (Fayngerts et al., 

2014, Moniz and Vanhaesebroeck, 2014). 

Functions of TIPE3:  

Aforementioned, TIPE3 has been found to be a transporter of two major 

phospholipids namely, phosphatidyl insitol (4,5)-bisphosphate (PtdIns(4,5)P2, PIP2) 

and phosphatidylinositol (3,4,5)-trisphosphate (PtdIns(3,4,5)P3, PIP3) hence regarded 

as lipid sensor or lipid presenting protein. Supporting this, forced nuclear localization 

of this protein resulted in elevated levels of PIP2 in the nucleus (Fayngerts et al., 
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2014, Moniz and Vanhaesebroeck, 2014). Besides, it was also found to have 

proliferative, anti-apoptotic and pro-tumorigenic functions (Padmavathi et al., 2018).  

TIPE3 in cancer: 

It is already well known that the phosphoinositide signals are significantly 

upregulated in various cancers and promote inflammation and tumorigenesis 

(Fayngerts et al., 2014, Moniz and Vanhaesebroeck, 2014, Padmavathi et al., 2018). 

Therefore, being a phospholipid carrier, TIPE3 is also considered to play essential 

role in the regulation of inflammation and cancer development. In line with this, 

TIPE3 was found to be overexpressed in cancers of cervix, colon, lung and esophagus 

(Fayngerts et al., 2014, Moniz and Vanhaesebroeck, 2014, Padmavathi et al., 2018). 

Further supporting its tumorigenic effect, overexpression of TIPE3 was shown to 

positively regulate the Akt and MAPK pathways and to accelerate tumor growth in 

vivo compared to that of TIPE3 null mice. Further, the highly conserved TH fold was 

found crucial for phospholipid binding as any alteration in this region completely 

abrogated the lipid binding capacity and Akt activation suggesting the importance of 

structural integrity of TIPE3 in maintaining its function in tumorigenesis (Fayngerts et 

al., 2014, Moniz and Vanhaesebroeck, 2014, Padmavathi et al., 2018). In addition to 

the structural integrity, localization of TIPE3 was also proved to contribute to its 

tumorigenic effects as elevated TIPE3 expression in plasma membrane was associated 

with increased proliferation and migration of NSCLC cells and forced cytoplasmic 

localization of the same had an opposite effect. And the proliferative and migratory 

effect of TIPE3 was again found to be mediated through activation of Akt and ERK 

pathways (Wang et al., 2018, Padmavathi et al., 2018). Similar to lung cancer, TIPE3 

was also shown to be upregulated in breast cancers and correlated with disease 

progression from ductal carcinoma in situ to lymphatic metastasis. Akt and NF-κB 
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activation, MMP-2 and uPA overexpression were identified to be the downstream 

targets of TIPE3. Interestingly, silencing of TIPE3 resulted in decreased breast cancer 

cell proliferation, invasion and migration (Lian et al., 2017) (Figure 1.4B). Moreover, 

in contrast to the previous reports, very recently, downregulation of TIPE3 mRNA 

levels was reported in nasopharyngeal carcinoma (NPC) which was in association 

with hypermethylation of the CpG island of TIPE3 and poor prognosis. Further, 

induction of TIPE3 expression was found to suppress cancer cell proliferation, 

invasion and migration thus exhibiting an antitumor effect in NPC (Ren et al., 2018).                    

Taken together, last two decades of research explained the expression pattern and the 

importance of TIPE protein family in biological systems. Despite sharing structural 

and sequence homology, functions of the proteins varied significantly at least in the 

process of tumorigenesis. TIPE and TIPE3 were mostly pro-tumorigenic, anti-

apoptotic, and overexpressed in cancers. TIPE1 and TIPE2 were antitumorigenic, pro-

apoptotic, and downregulated in most cancers. Moreover, TIPE1 and TIPE3 proteins 

are highly unexplored highlighting the need for detailed studies on the role of these 

proteins in cancer development.   

1.4 Importance of the study 

Aforementioned, India has the highest incidence rate of oral cancer associated with 

poor survival. Supporting this fact, the 5-year survival rate of oral cancer is as low as 

55% which is found to be further decreased every year. This sustained reduction in 

the survival rate is mainly due to the lack of effective therapy. Moreover, delayed 

diagnosis of the disease further added to the complications of disease management. In 

addition, chemoresistance and tumor recurrence also pose a great challenge and 

contribute to the poor survival and prognosis. Therefore, for the effective 

management of this disease, it is essential to decipher the complete molecular 
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mechanism of oral carcinogenesis. Development of oral cancer is a multi-stage 

process with several alterations in the genetic and epigenetic levels in each stage. Few 

such molecular alterations were well characterized to be involved in the disease 

pathogenesis. However, it is only the tip of the iceberg and therefore, more extensive 

studies are required to determine the other proteins involved in the development of 

oral cancer. TNFAIP8 or TIPE protein family contains four proteins with variety of 

functions. All the four members of this family- TIPE, TIPE1, TIPE2, and TIPE3 were 

found to have significant roles in the development and progression of different 

cancers. However, mechanism of regulation of tumorigenesis by these proteins 

remains ambiguous. Moreover, regardless of the high structural and sequence 

similarity, their functions in context of cancer differ for all four proteins. Further, 

despite the fact that the first member of the family, TIPE is initially discovered in 

head and neck squamous cell carcinoma cell lines, importance of these proteins in the 

etiopathogenesis of oral cancer is not yet completely understood. Therefore, 

unravelling the action of these four proteins would assist in understanding the role of 

TIPE family in the development and progression of oral cancer which would serve as 

early diagnostic, therapeutic and prognostic biomarkers. In addition, studying the 

effect of tobacco components, one of the major risk factors of oral cancer, on the 

expressions of TIPE, TIPE1, TIPE2, and TIPE3 would provide us new insights on 

oral cancer. Thus, decoding the role of TIPE family in oral cancer would help us to 

develop novel and highly efficacious therapies with fewer or no adverse effects 

against this vicious disease in order to increase the survival rate. 
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1.5 Objectives 

Based on the extensive literature survey, the main objective of the current study are 

framed as,  

1. To determine the expression of TNFAIP8 (TIPE), TNFAIP8L1 (TIPE1), 

TNFAIP8L2 (TIPE2) and TNFAIP8L3 (TIPE3) in normal oral epithelial and 

different developmental stages and grades of oral cancer (along with 

preneoplastic lesions) tissues samples. 

2. To examine the effect of crude tobacco extract and various carcinogens 

(tobacco components and synthetic carcinogens) on the expression of 

TNFAIP8 (TIPE), TNFAIP8L1 (TIPE1), TNFAIP8L2 (TIPE2) and 

TNFAIP8L3 (TIPE3) in oral cancer cell lines. 

3. To determine the role of TNFAIP8 (TIPE), TNFAIP8L1 (TIPE1), 

TNFAIP8L2 (TIPE2) and TNFAIP8L3 (TIPE3) in the regulation of different 

molecular mechanisms involved in the development and progression of oral 

cancer.  
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2.1 Introduction 

As mentioned in the previous chapter, Melanesia, South-Central Asia, and Central and 

Eastern Europe were considered to have the highest incidence rate of oral cancer 

(Jemal et al., 2011). Particularly, among all other countries, India has the highest 

morbidity rate of oral cancer accounting for 30-40% of all cancers in India and the 

associated survival rate is as low as 55% owing to the late stage diagnosis and tumor 

recurrence (Byakodi et al., 2012, Joseph et al., 2018, Irani, 2016, Ribeiro et al., 2016). 

Therefore, it is essential to identify novel therapeutic targets which would assist in the 

better management of oral cancer by reducing tumor progression and recurrence thus 

improving the survival rate. Interestingly, a detailed review of literature suggested 

that the members of TNFAIP8 (TIPE) protein family play significant roles in the 

development of various cancers including the cancers of epithelial origin. In addition, 

they were also reported to critically regulate tumor invasion, migration, metastasis 

and angiogenesis processes further shouting their therapeutic and prognostic 

importance. Further, the differential expression of TIPE proteins were already 

established in various cancer tissues and cell lines including cancers of lung, breast, 

esophagus, colon, stomach, bone, bladder, liver, pancreas, endometrium, thyroid 

glands, kidney, prostate, cervix and ovary etc. (Padmavathi et al., 2018, Bordoloi et 

al., 2018). Moreover, the first member of the family, TIPE was initially identified to 

be highly overexpressed in metastatic HNSCC patient-derived cell lines showing a 

possible role of these proteins in head and neck cancers and oral cancer is the most 

prevalent cancer of head and neck. Therefore, we hypothesized that the TIPE proteins 

might play crucial role in the development and progression of oral cancer. In order to 

prove our hypothesis we initially analysed the differential expression of TIPE proteins 
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in oral cancer tissues and compared with normal tissues using immunohistochemical 

analysis of oral cancer tissue micro array. 

2.2 Materials and methods 

2.2.1 Tissue micro array (TMA): 

Expression of TIPE proteins in normal and different stages of oral cancer tissues was 

determined by immunohistochemical analysis. For this purpose, tissue microarray 

(TMA) containing paraffin-embedded normal, preneoplastic and neoplastic oral 

cavity tissues (US Biomax, Inc., Cat. No. OR802) is used. The TMA slide contains 

total of 80 tissues from 79 different individuals and each tissue core is of 1.5 mm in 

diameter and 5 µm in thickness. It has, 28 tissues of squamous cell carcinoma, 4 

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

carcinoma, 8 adamantinoma, 6 hyperplasia and 5 each of adjacent tissue, 

inflammation, adjacent normal tissue and normal tissue (Table 2.1). Further, the 

tissues were also classified based on tumor grades (grade 1, grade 2 and grade 3) and 

stages (stage I, stage II, stage III and stage IV).  

Table 2.1: TMA details 

Core Sex Age Organ Pathology Grade Stage TNM Type 

A1 M 40 Gingiva 
Squamous cell 

carcinoma 
1 IV 

T4N0

M0 
Malignant 

A2 F 47 Tongue 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

A3 M 81 Lip 
Squamous cell 

carcinoma 
1 II 

T2N0

M0 
Malignant 

A4 M 57 Tongue 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

A5 F 52 Lip 
Squamous cell 

carcinoma 
2 I 

T1N0

M0 
Malignant 

A6 M 53 Cheek 
Squamous cell 

carcinoma 
1 II 

T2N0

M0 
Malignant 

A7 F 62 Cheek 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

A8 M 48 
Base of 

tongue 

Squamous cell 

carcinoma 

(salivary gland) 

- II 
T2N0

M0 
Malignant 

A9 M 68 Right palate 
Squamous cell 

carcinoma 
1 II 

T2N0

M0 
Malignant 
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A10 F 56 Cheek 
Squamous cell 

carcinoma 
1 II 

T2N0

M0 
Malignant 

B1 M 79 Cheek 
Squamous cell 

carcinoma 
1 II 

T2N0

M0 
Malignant 

B2 M 60 Gingiva 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

B3 M 55 Cheek 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

B4 M 66 Tongue 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

B5 F 46 Tongue 
Squamous cell 

carcinoma 
1 IV 

T1N0

M1 
Malignant 

B6 F 39 Tongue 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

B7 M 78 Tongue 
Squamous cell 

carcinoma 
1 II 

T2N0

M0 
Malignant 

B8 F 78 Lip 
Squamous cell 

carcinoma 
1 IV 

T1N0

M1 
Malignant 

B9 F 54 Lip 
Squamous cell 

carcinoma 
1 IV 

T1N0

M1 
Malignant 

B10 F 75 Lip 
Squamous cell 

carcinoma 
1 IV 

T1N0

M1 
Malignant 

C1 M 60 Tongue 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

C2 M 73 Lip 
Squamous cell 

carcinoma 
1 I 

T1N0

M0 
Malignant 

C3 M 60 Gingiva 
Squamous cell 

carcinoma 
2 I 

T1N0

M0 
Malignant 

C4 M 78 Lip 
Squamous cell 

carcinoma 
2 I 

T1N0

M0 
Malignant 

C5 M 55 Gingiva 
Squamous cell 

carcinoma 
2--3 I 

T1N0

M0 
Malignant 

C6 M 47 
Lower 

mandible 

Squamous cell 

carcinoma 
3 II 

T2N0

M0 
Malignant 

C7 M 41 Dental alveoli 
Squamous cell 

carcinoma 
3 I 

T1N0

M0 
Malignant 

C8 M 60 Tongue 
Squamous cell 

carcinoma 
3 II 

T2N0

M0 
Malignant 

C9 F 40 Palate 
Adenoid cystic 

carcinoma 
- I 

T1N0

M0 
Malignant 

C10 M 45 
Left lower 

mandible 

Adenoid cystic 

carcinoma 

(sparse) 

- I 
T1N0

M0 
Malignant 

D1 M 64 Palate 
Adenoid cystic 

carcinoma 
- II 

T2N0

M0 
Malignant 

D2 M 66 Parotid gland 
Acinic cell 

carcinoma 
- II 

T2N0

M0 
Malignant 

D3 M 71 Mouth floor 
Mucoepidermoid 

carcinoma 
1 I 

T1N0

M0 
Malignant 

D4 M 57 Palate 
Mucoepidermoid 

carcinoma 
1 II 

T2N0

M0 
Malignant 

D5 F 50 Cheek 
Mucoepidermoid 

carcinoma 
1 II 

T2N0

M0 
Malignant 

D6 M 57 Upper lip 

Mucoepidermoid 

carcinoma 

(skeletal muscle 

and blood vessel) 

- I 
T1N0

M0 
Malignant 

D7 F 48 Right lower Mucoepidermoid 2 I T1N0 Malignant 
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mandible carcinoma M0 

D8 M 55 Gingiva 
Mucoepidermoid 

carcinoma 
3 I 

T1N0

M0 
Malignant 

D9 M 60 
Right lower 

mandible 

Mucoepidermoid 

carcinoma 
3 III 

T3N0

M0 
Malignant 

D10 M 50 
Root of 

tongue 

Mucoepidermoid 

carcinoma 

(sparse) 

- I 
T1N0

M0 
Malignant 

E1 F 79 Lip 

Basal cell 

carcinoma 

(sparse) 

- II 
T2N0

M0 
Malignant 

E2 F 48 Lip 
Basal cell 

carcinoma 
- II 

T2N0

M0 
Malignant 

E3 F 70 Lymph node 

Metastatic 

squamous cell 

carcinoma of 

neck from cheek 

2 - - Metastasis 

E4 M 79 Lymph node 

Metastatic 

squamous cell 

carcinoma of 

neck from 

tongue 

1 - - Metastasis 

E5 F 59 Lymph node 

Metastatic 

squamous cell 

carcinoma of 

neck from 

mandible 

2 - - Metastasis 

E6 F 40 Lymph node 

Metastatic 

mucoepidermoid 

carcinoma of 

neck from 

mandible 

3 - - Metastasis 

E7 M 11 Mandible Adamantinoma - - - Benign 

E8 M 28 Left mandible Adamantinoma - - - Benign 

E9 M 51 
Right 

mandible 
Adamantinoma - - - Benign 

E10 M 64 Mandible 

Adamantinoma 

(fibrous tissue 

and blood vessel) 

- - - Benign 

F1 F 37 Mandible Adamantinoma - - - Benign 

F2 M 40 
Lower 

mandible 
Adamantinoma - - - Benign 

F3 F 47 Mandible Adamantinoma - - - Benign 

F4 F 70 
Right jaw 

bones 
Adamantinoma - - - Benign 

F5 M 67 Lip 

Hyperplasia of 

squamous 

epithelium 

- - - Hyperplasia 

F6 M 40 Lip 

Mild atypical 

hyperplasia of 

squamous 

epithelium 

- - - Hyperplasia 

F7 M 82 Lip 

Hyperplasia of 

squamous 

epithelium 

- - - Hyperplasia 

F8 M 46 Tongue 
Hyperplasia of 

squamous 
- - - Hyperplasia 

TH-2320_136106007



Chapter 2 

 

46 
 

epithelium  

(skeletal muscle 

and blood vessel) 

F9 F 60 Tongue 

Hyperplasia of 

squamous 

epithelium 

- - - Hyperplasia 

F10 F 3 Tongue 

Hyperplasia of 

squamous 

epithelium 

- - - Hyperplasia 

G1 M 68 Parotid gland 

Cancer adjacent 

tissue (with 

squamous cell 

carcioma sparse) 

- - - AT 

G2 F 53 Tongue 
Cancer adjacent 

tissue 
- - - AT 

G3 M 53 Tongue 

Cancer adjacent 

tissue 

(hyperplasia of 

squamous 

epithelium) 

- - - AT 

G4 M 70 Parotid gland 

Cancer adjacent 

tissue (with 

mucoepidermoid 

carcinoma) 

2 - - AT 

G5 M 63 Lip 

Cancer adjacent 

tissue (chronic 

inflammation of 

fibrous tissue 

and blood vessel) 

- - - AT 

G6 M 43 
Submaxillary 

gland 

Chronic 

submaxillaritis 
- - - Inflammation 

G7 F 23 Parotid gland Chronic parotitis - - - Inflammation 

G8 F 66 Parotid gland Chronic parotitis - - - Inflammation 

G9 F 40 Right cheek 

Chronic 

inflammation of 

mucosa 

- - - Inflammation 

G10 F 75 Lower lip 

Chronic 

inflammation of 

mucosa of No. 

20 

- - - Inflammation 

H1 F 48 
Salivary  

gland 

Cancer adjacent 

normal salivary 

gland tissue 

- - - NAT 

H2 F 48 
Salivary  

gland 

Cancer adjacent 

normal salivary 

gland tissue 

- - - NAT 

H3 M 37 
Salivary  

gland 

Cancer adjacent 

normal salivary 

gland tissue 

- - - NAT 

H4 M 63 
Salivary  

gland 

Cancer adjacent 

normal salivary 

gland tissue 

- - - NAT 

H5 M 56 
Salivary  

gland 

Cancer adjacent 

normal salivary 

gland tissue 

- - - NAT 

H6 F 42 Tongue 
Normal tongue 

tissue 
- - - Normal 

H7 F 38 Salivary  Normal salivary - - - Normal 
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gland gland tissue 

H8 M 48 Tongue 
Normal tongue 

tissue 
- - - Normal 

H9 M 50 
Salivary  

gland 

Normal salivary 

gland tissue 
- - - Normal 

H10 M 22 
Salivary  

gland 

Normal salivary 

gland tissue 
- - - Normal 

2.2.2 Immunohistochemistry (IHC) and scoring: 

Histostain-Plus IHC Kit, HRP, broad spectrum (Invitrogen, Cat. No. 859043) was 

used for immunostaining the tissue micro array. IHC was performed as per the 

manufacturer protocol: i.e.: first deparaffinization followed by rehydration, 

peroxidase quenching, antigen retrieval, blocking, primary antibody incubation, 

secondary antibody-peroxidase conjugate incubation, addition of DAB chromogen 

and counterstaining with hematoxylin. Finally, the slides were dehydrated and 

mounted with coverslip using D.P.X. mountant for microscopy. The primary 

antibodies namely anti-TNFAIP8 antibody (Cat. No. ab64988), anti-TNFAIP8L1 

antibody (Cat. No. ab85409), anti-TNFAIP8L2 antibody (Cat. No. ab110389) and 

anti-TNFAIP8L3 antibody (Cat. No. ab111524) were obtained from abcam
®
 and used 

in the dilutions of 1:25, 1:50, 1:50 and 1:100 respectively, for immunostaining. The 

immunostained microarrays were analysed under Olympus light microscope. Tissues 

that are stained brown are considered as positive for the presence of antigen of interest 

and given a score according to the staining intensity and percentage of positive cells. 

Score for percentage of positive cells is scaled from 0 to 4+ and for staining intensity 

is scaled from 1 to 3  (Table 2.2) (McDonald et al., 1999, Shiao et al., 2000, Charafe-

Jauffret et al., 2004). 
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Table 2.2: Scoring method for IHC 

Score (P) 0 1+ 2+ 3+ 4+ 

Positive Cells <10% 10-25% 25-50% 50-75% >75% 

 

Score (I) 1 2 3  

Total expression score (Q) = 

P*I 
Intensity of 

Staining 

weak 

staining 

moderate 

staining 

strong 

staining 

2.2.3 Statistical analysis: 

Statistical analysis was performed using simple Student’s t-test and p-value ≤ 0.05 

was considered as statistically significant. 

2.3 Results 

As mentioned earlier, in the current chapter, for the first time we analysed the 

difference in the expression of TIPE proteins in normal, hyperplasic and neoplastic 

tissues from oral cancer patients by immunohistochemical analysis. Although the 

TMA slide contains tissues from different types of oral cancers, our prime focus was 

on oral squamous cell carcinoma (OSCC) as around 90% of oral cancers are 

squamous cell carcinomas (Joseph et al., 2018). Each tissue in the TMA slide was 

carefully analysed under the microscope and was given a total expression score (Q) 

based on the staining intensity and frequency as reported earlier (McDonald et al., 

1999, Shiao et al., 2000, Charafe-Jauffret et al., 2004). The scorer was blinded for the 

details of TMA to avoid any manual bias. After scoring, in order to get a detailed idea 

of the involvement of TIPE proteins in OSCC development and progression, we 

analysed the IHC results, in context with preneoplastic to neoplastic transformation 

and progression of tumor grades and stages. Interestingly, the IHC results showed that 

the TIPE proteins are differentially expressed (either upregulated or downregulated) 

in oral cancer tissues compared to the normal tissues, which was in support to our 

hypothesis suggesting the deregulation of TIPE proteins to be associated with OSCC. 
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Figure 2.1: Differential expression of TNFAIP8 (TIPE) protein analysed by IHC. 

(A) Expression of TIPE in the developmental stages of OSCC; (B) Expression of 

TIPE in different grades of OSCC; (C) Expression of TIPE in different stages of 

OSCC. (*p-value ≤ 0.05 in comparison with normal tissues) 

(A) 

(B) 

(C) 
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2.3.1 Upregulation of TIPE was observed in OSCC tissues and correlated with 

disease progression 

Immunostaining of the oral cancer TMA revealed that levels of TIPE is marginally 

upregulated in cancer tissues compared to the normal. Further, the upregulation is 

considered to be in correlation with disease progression as TIPE expression 

progressively increased when moved from hyperplasia to benign and finally to 

malignant tumors with the average total expression scores (Qavg) of 5.8, 7.3, 7.3, 8.2 

for normal, hyperplasia, benign tumors and malignant tumors respectively (Figure 

2.1A). Furthermore, TIPE level was also increased with increase in tumor stage. 7.6, 8 

and 9.6 are the respective Qavg for stage I, II and IV tumor tissues (Figure 2.1C). 

Additionally, grade wise analysis of TIPE expression also revealed that expression of 

TIPE is upregulated in grade 1 tumors whereas with increase in grades it tends to 

decrease. Nevertheless, compared to normal tissues, the TIPE level was high in all 

grade 1, 2 and 3 tissues with Qavg of 8.4, 8 and 7.3 respectively (Figure 2.1B). 

However, the change in the expression was not statistically significant compared to 

normal tissues.  

2.3.2 TIPE1 was downregulated in preneoplastic and OSCC tissues 

Unlike TIPE, expression of TIPE1 was downregulated in oral cancer tissues compared 

to the normal tissues and the downregulation was in correlation with disease 

progression from normal (Qavg = 8) to preneoplastic hyperplasia (Qavg = 7.3) to benign 

(Qavg = 7) and malignant carcinoma (Qavg = 6.9) (Figure 2.2A) suggesting an inverse 

relation between TIPE1 expression and development of OSCC. Further assuring this, 

the decrease in TIPE1 expression was more with increase in tumor grade with the Qavg 

of 7.1, 6 and 5.7 for grade 1, 2 and 3 tumors respectively (Figure 2.2B). Furthermore, 

downregulation of TIPE1 was also observed in the tissues of stage I, II and IV tumors.  
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Figure 2.2: Differential expression of TNFAIP8L1 (TIPE1) protein analysed by 

IHC. (A) Expression of TIPE1 in the developmental stages of OSCC; (B) 

Expression of TIPE1 in different grades of OSCC; (C) Expression of TIPE1 in 

different stages of OSCC. 

(A) 

(B) 

(C) 
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Nevertheless, stage I tissues had lesser TIPE1 expression (Qavg = 6.2) compared to 

that of stage II (Qavg = 7.5) and IV (Qavg = 7.6) (Figure 2.2C). However, the decrease 

observed in the expression of TIPE1 was not statistically significant compared to 

normal tissues. 

2.3.3 Upregulation of TIPE2 was observed in preneoplastic and OSCC tissues 

Similar to TIPE, expression of TIPE2 was also upregulated in tumor tissues compared 

to the normal tissues. Further, the increased expression was significantly associated 

with the developmental stages of OSCC such as normal (Qavg = 5.5), hyperplasia (Qavg 

= 8.2), benign (Qavg = 8.3) and malignant (Qavg = 8.6) tissues (Figure 2.3A). Similarly, 

upregulation of TIPE2 was also correlated with increase in tumor stage from stage I to 

stage IV and the Qavg values were 8.3, 8.7 and 9.4 for stage I, II and IV tissues 

respectively (Figure 2.3C). Further, TIPE2 overexpression was also observed in 

different grades of OSCC compared to normal tissues. However, with increase in 

grades of tumors change in the expression was very nominal with the Qavg values of 

8.8, 8 and 8.3 for grade 1, 2 and 3 tumors (Figure 2.3B). Moreover, the change 

observed in the expression of TIPE2 was statistically significant with respect to the 

normal tissues.                

2.3.4 TIPE3 was overexpressed in preneoplastic and OSCC tissues 

Expressional analysis of TIPE3 in normal, preneoplastic and neoplastic tissues 

revealed it to be highly overexpressed in both precancerous and cancerous tissues 

compared to normal tissues (Qavg = 3.5) suggesting a strong correlation between 

TIPE3 upregulation and development of OSCC. Additionally, increase in the levels of 

TIPE3 was observed to be sustained in hyperplasia (Qavg = 6.8), benign (Qavg = 6.5) 

and malignant (Qavg = 6.9) tissues (Figure 2.4A). Likewise, TIPE3 was also 

upregulated in grade 1 (Qavg = 6.9), grade 2 (Qavg = 6) and grade 3 (Qavg = 7.3) tissues.  
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Figure 2.3: Differential expression of TNFAIP8L2 (TIPE2) protein analysed by 

IHC. (A) Expression of TIPE2 in the developmental stages of OSCC; (B) 

Expression of TIPE2 in different grades of OSCC; (C) Expression of TIPE2 in 

different stages of OSCC. (*p-value ≤ 0.05 in comparison with normal tissues) 

(A) 

(B) 

(C) 
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Interestingly, the upregulation was significantly different from normal tissues 

however not between the grades. Further, analysis of the change in TIPE3 expression 

between different stages of oral cancer which includes tissues from stage I, II and IV 

showed a clear upregulation in all the three stages compared to normal. Moreover, a 

nominal increase was observed between stage I and II tumors and a slight decrease 

was observed in stage IV tumors (Figure 2.4C). Qavg for TIPE3 in stage I, II and IV 

tissues were 6.8, 7.7 and 6.4 respectively. Furthermore, the changes witnessed in the 

TIPE3 levels were also statistically significant with respect to the normal tissues.  

2.4 Discussion                 

2.4.1 TIPE proteins were differentially expressed in oral premalignant and 

malignant tissues 

As mentioned in chapter 1, the TIPE family of proteins were reported to be 

differentially expressed in various cancer tissues and the difference in their expression 

was either positively or negatively correlated with disease progression, invasion, 

metastasis and prognosis. Moreover, despite the first member of the family being 

identified in HNSCC patient derived cell lines, expression of these proteins were not 

well established in HNSCC (Padmavathi et al., 2018). OSCC, the prime focus of this 

study, is one of the most prevalent cancers of head and neck. Therefore, in the current 

study we initially analysed the difference in the expression of these proteins in OSCC 

to get preliminary idea about their involvement in the development and disease 

progression. As expected, immunohistochemical analysis of the oral cancer TMA 

showed a differential expression of TIPE proteins in cancer tissues compared to the 

normal. For instance, levels of TIPE, TIPE2 and TIPE3 were upregulated and TIPE1 

was downregulated in OSCC tissues and the change in the expression was also 

correlated with disease progression from hyperplasia to malignant. However, only the  
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Figure 2.4: Differential expression of TNFAIP8L3 (TIPE3) protein analysed by 

IHC. (A) Expression of TIPE3 in the developmental stages of oral squamous cell 

carcinoma (OSCC); (B) Expression of TIPE3 in different grades of OSCC; (C) 

Expression of TIPE3 in different stages of OSCC. (*p-value ≤ 0.05 in comparison 

with normal tissues) 

(A) 

(B) 

(C) 
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change in the levels of TIPE2 and TIPE3 were statistically significant whereas TIPE 

and TIPE1 levels were associated with minimal change in the expression. 

Overexpression of TIPE observed in OSCC tissues was in line with the previous 

reports showing elevated levels of TIPE in various cancers including breast cancer, 

chronic myelogenous leukemia, endometrial cancer, hepatocellular carcinoma (HCC), 

lung carcinoma, lymphoblastic leukemia, pancreatic cancer and renal cell carcinoma 

(Kumar et al., 2004, 2000, Liu et al., 2014b, Dong et al., 2017, 2010, Liu et al., 2012, 

Padmavathi et al., 2018). Moreover, the TIPE overexpression was also reported to be 

associated with tumor growth and progression in breast and liver cancers (Kumar et 

al., 2004, 2000, Dong et al., 2017). Similar results are observed in our study where we 

have found expression of TIPE to progressively increase with disease progression 

from hyperplasia to squamous cell carcinoma (Figure 2.1A). Further, expression of 

TIPE2 was found to be downregulated in many cancers including HCC, NSCLC, 

glioma, breast cancer, prostate cancer and gastric cancer, having low levels of TIPE2 

in comparison to the normal cells/tissues and the reduced expression was associated 

with increased proliferation, EMT, invasion, migration and metastasis suggesting an 

anti-tumorigenic role (Cao et al., 2013, Zhang et al., 2015b, Li et al., 2016, Li et al., 

2015b, Liu et al., 2016, Wang et al., 2017, Zhang et al., 2016, Lu et al., 2016, Wu et 

al., 2016, Padmavathi et al., 2018). However, in contrast to this, expression of TIPE2 

was shown to be upregulated in colon cancer, non-Hodgkin’s lymphoma (NHL) and 

renal cell carcinoma (RCC) and to have pro-tumorigenic effect (Li et al., 2014, Hao et 

al., 2016, Zhang et al., 2013c). All these reports suggest the expression and role of 

TIPE2 in cancer to be ambiguous and organ specific. In our study, we have observed 

a significant upregulation of TIPE2 in preneoplastic and neoplastic oral tissues 

compared to normal tissues. Further, the upregulation was also correlated with disease 
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progression from hyperplasia to benign and malignant tumors (Figure 2.3A). 

Therefore, our results support the pro-tumorigenic hypothesis of TIPE2 at least for 

OSCC. Similar to TIPE and TIPE2, another member of this family, TIPE3 was also 

found to be involved in tumorigenesis. Being recently identified, only very few 

reports are available on this protein and hence the difference in its expression in 

various cancers remains elusive. However, few studies have reported TIPE3 to be 

overexpressed in cancers of lung, cervix, colon, breast and esophagus (Fayngerts et 

al., 2014, Lian et al., 2017). Further, the upregulation of TIPE3 was also reported to 

increase tumor growth and aggressiveness (Padmavathi et al., 2018). For instance, it 

has been reported that increase in TIPE3 expression mediates transformation of ductal 

carcinoma in situ to invasive ductal breast carcinoma (IDC) and led to lymphatic 

metastasis (Lian et al., 2017). In line with these reports, in the current study, we have 

also witnessed a significant upregulation of TIPE3 in both oral precancerous and 

cancerous tissues compared to normal tissues. Even though, unlike breast cancer, the 

expression was not increased with disease progression from hyperplasia to malignant 

transformation of oral cancer. However, comparable upregulation was observed in all 

hyperplasia, benign and SCC tissues (Figure 2.4A). Interestingly, in contrast to all 

these three proteins, the second member of TIPE family, i.e. TIPE1 was 

downregulated in oral premalignant and malignant tissues. However, the change in 

expression was very minimal (Figure 2.2A). Supporting our results, reports on other 

cancers such as HCC and lung cancer have also denoted TIPE1 to be downregulated 

in cancer and restoring its expression was associated with reduced tumor burden, 

proliferation, invasion and migration and increased cell death (Zhang et al., 2015a, 

Wu et al., 2017a, Padmavathi et al., 2018). Thus, TIPE1 is a potential tumor 

suppressor that is downregulated in oral cancers.        
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2.4.2 Change in the expression of TIPE proteins was associated with increase in 

tumor stages and grades 

Tumor staging and grading is the prime and crucial step in the management of cancer 

which gives information to the clinicians about the severity of disease which would 

help them to decide possible therapeutic strategies and to predict the prognosis of 

patient (Telloni, 2017). As discussed in previous chapter, staging is done on the basis 

of size and local growth of the tumor and the anatomic extent of the disease spread i.e. 

TNM staging. Considering the TNM status, the tumors are classified into different 

stages from stage I to IV. In general, stage I-III tumors regarded as curable with 

various treatment methods ranging from initial surgery to targeted therapies and stage 

IV tumors are highly advanced and mostly incurable (Telloni, 2017). Further, the 

tumors present only in the site of origin without spreading to proximal or distant sites 

and lymph nodes are grouped into stage I; stage II tumors include cancers that spread 

to the surrounding tissues and nearby lymph nodes; stage III includes tumors that 

invaded in deeper lymph nodes; finally the tumors spread to distant organs are 

grouped into stage IV disease (Telloni, 2017). Therefore, in order to find if the TIPE 

proteins involved in tumor growth, invasion and metastasis, we analysed the 

regulation of their expression with respect to tumor stage. We found that TIPE, TIPE2 

and TIPE3 were upregulated with increase in tumor stage (Figures 2.1C, 2.3C and 

2.4C). However, the change in the expression was minimal. Nevertheless, the minimal 

upregulation is hypothesised to contribute to tumor invasion, migration and 

metastasis, as all these proteins were previously reported to be strongly associated 

with invasion, migration and EMT of various cancers. Further assuring their 

importance in the regulation of cancer metastasis, downregulation of these proteins 
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resulted in significant reduction of cancer cell migration, invasion and angiogenesis 

and metastasis related protein markers in different cancers (Padmavathi et al., 2018). 

Similar to tumor staging, grading is also equally important in the management of 

cancer. As mentioned in chapter 1, tumor grading is done based on architecture and 

histology of tumor tissues and denotes their differentiation status. Thus, the well 

differentiated, moderately differentiated and poorly differentiated tumors are 

categorized into grade 1, 2 and 3 cancers. Moreover, the increase in tumor grade is 

considered to be directly proportional to aggressiveness of the disease (Telloni, 2017). 

Therefore, in the current study we have also tested if there is any change in the 

expression of TIPE proteins with respect to grades of tumor, in order to establish a 

relation between TIPE proteins and aggressiveness of the disease. Interestingly, 

expression of TIPE, TIPE2 and TIPE3 proteins were upregulated in grade 1, 2 and 3 

tumors compared to normal tissues whereas no remarkable change was observed 

between different grades of tumors (Figures 2.1B, 2.3B and 2.4B). In contrast to this, 

expression of TIPE1 was progressively downregulated with increase in tumor grades 

(Figure 2.2B) suggesting their association with degree of differentiation.  

2.5 Conclusion 

Taken together, in this chapter the differential expression of all four TIPE proteins 

was analysed in premalignant and malignant tissues from oral cancer patients and 

compared with normal tissues using immunostaining of TMA. Our results showed 

that TIPE, TIPE2 and TIPE3 are upregulated and TIPE1 is downregulated in oral 

precancerous lesion and oral squamous cell carcinoma. Moreover, the deregulation of 

TIPE proteins was correlated with advance in tumor stage and grade. Therefore, all 

these results combined with previous literature suggest that TIPE, TIPE2 and TIPE3 

upregulation and TIPE1 downregulation might be crucial in the development and 
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progression of OSCC and also might play key role in the regulation of tumor 

migration, invasion and metastasis targeting which would give better treatment option 

for OSCC. However, more detailed investigation is required to confirm our 

hypothesis as the TMA results give only a preliminary idea about the change in the 

expression in comparison to normal tissues warranting a thorough study on the 

molecular alterations associated with TIPE mediated oral carcinogenesis and its 

upstream and downstream targets.     
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3.1 Introduction 

From the results of our previous chapter, we have found that expression of TIPE 

proteins is deregulated in oral squamous cell carcinoma and the associated 

premalignant diseases. Therefore, we hypothesized a correlation of TIPE proteins 

with the development and progression of oral cancer. To further confirm our 

hypothesis, we attempted to analyse the effect of the risk factors of oral cancer on the 

levels of TIPE proteins. As discussed in chapter 1, tobacco and tobacco related 

products are the major risk factors for the development and progression of oral 

cancers (Gupta et al., 2013, Mignogna et al., 2004, Goel et al., 2014). Moreover, 

according to the Ministry of Health and Family Welfare, Govt. of India, reportedly 

90% of oral cancer cases in India are associated with consumption of smokeless 

tobacco (SLT). Further, the SLT has been found to have numerous chemicals 

including more than 70 potential carcinogens (nicotine, benzo[a]pyrene (BaP) and 

tobacco specific N’-nitrosamines (TSNAs) such as N-Nitrosonornicotine (NNN) and 

4 [methylnitrosoamino]-1-[3-pyridyl]-1-butanone (NNK) to name a few) which are 

well known to induce several genetic and epigenetic alterations in the genome of 

normal cells leading to the initiation and progression of at least 14 types of cancers 

(Hecht and Szabo, 2014, Hecht, 2003). Therefore, it is ideal to check if the 

deregulation of TIPE proteins observed in oral cancer tissues is mediated through 

these risk factors. In this chapter we have determined the effect of crude tobacco 

extracts, tobacco carcinogens (nicotine and BaP) and a synthetic carcinogen 4-

nitroquinoline 1-oxide (4NQO) on the expression of all the four TIPE proteins in oral 

cancer cells in vitro by Western blot which would give a better knowledge on the 

involvement of TIPE protein family in oral cancer. 
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3.2 Materials and methods     

3.2.1 Carcinogens and antibodies: 

Nicotine (Cat. No. N3876), Benzo(a)pyrene (Cat. No. B1760) and 4NQO (Cat. No. 

N8141) were purchased from Sigma- Aldrich, Missouri, USA. Tobacco was procured 

from local markets of Guwahati, Assam, India and tuibur was procured from the local 

markets of Aizawl, Mizoram, India. The primary antibodies against TNFAIP8 (Cat. 

No. ab64988), TNFAIP8L1 (Cat. No. ab85409), TNFAIP8L2 (Cat. No. ab110389) 

and TNFAIP8L3 (Cat. No. ab111524) were purchased from abcam
®

, Cambridge, 

USA and used in the dilutions of 1: 2000, 1: 1000, 1: 8000 and 1: 4000 respectively. 

Antibodies against housekeeping genes α-Tubulin (Cat. No. 2144S) and β-Actin (Cat 

No. 4967S) were purchased from Cell Signaling Technology, Massachusetts, USA 

and used in the dilutions of 1: 4000 and 1: 2000 respectively. The anti-rabbit 

secondary antibody (Cat. No. ab97080) was obtained from abcam
®
, Cambridge, USA 

and used in the dilution of 1: 10000. 

3.2.2 Tobacco extract (TE) preparation:  

Dried tobacco leaves were mashed into fine powder and extracted with distilled water 

in the ratio of 100 mL of water for 4 g of tobacco powder for 24 h at room 

temperature (RT). After 24 h of constant stirring, the extract was filtered and the 

filtrate was lyophilized. A working stock concentration of 50 mg/mL of the 

lyophilized powder was prepared in sterile distilled water (tobacco extract (TE)) and 

stored in -20 °C for further use.    

3.2.3 Tuibur:  

Tuibur is a water-soluble tobacco smoke extract frequently consumed in the Indian 

state Mizoram. It was purchased from the local markets of Aizawl, Mizoram, India 

and filtered to remove any insoluble particles. The filtrate was then lyophilized into 
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powder and a working stock of 100 mg/mL was prepared by dissolving the 

lyophilized powder in sterile distilled water and stored in -20 °C deep freezer for 

further use.      

3.2.4 Cell culture: 

Two human oral cancer cell lines namely, SAS and KB were used for this study. SAS 

cells were obtained from the Rajiv Gandhi Centre for Biotechnology (RGCB), 

Trivandrum, India. KB cells were purchased from National Centre for Cell Science 

(NCCS), Pune, India. Both the cells were cultured in Dulbecco’s Modified Eagle 

Medium (DMEM; Gibco™; Life Technologies, NY, USA) enhanced with 10% fetal 

bovine serum (FBS; Gibco®, NY, USA) and 1X Pen-Strep (Invitrogen, CA, USA) 

and maintained at 37 °C in a humidified, CO2-regulated (95% air/5% CO2 

atmosphere) incubator.  

3.2.5 MTT assay: 

MTT assay was performed to determine the effect of carcinogens on the proliferation 

and survival of oral cancer cells. All the experiments were carried out in sterile 96 

well plates. In brief, SAS and KB cells were seeded at a density of 2000 cells/100 μL/ 

well and allowed overnight to adhere to the plate. Following the overnight incubation, 

the cells were treated with different concentrations of TE (0, 0.1, 0.5, 1, 5 and 10 

μg/mL), tuibur (0, 1, 5, 10, 25 and 50 μg/mL), nicotine (0, 0.1 and 0.25 μM), BaP (0, 

25 and 50 ng/mL) and 4NQO (0, 0.25, 0.5 and 0.75 ng/mL) for 0 and 24 h. 10 μL of 5 

mg/mL MTT (Cat. No. M2128, Sigma-Aldrich, Missouri, USA) was added to the 

respective plates at the end of 0 and 24 h and incubated for 2 h in a CO2-regulated 37 

°C incubator. Following the 2 h incubation, the MTT containing media was replaced 

with 100 μL of dimethyl sulfoxide (DMSO) (Cat. No. 1.16743.0521, Merck, 

Darmstadt, Germany) to dissolve the formazan crystals and incubated in dark for 1 h 
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at RT. After the 1 h incubation, absorbance of the plate was measured at 570 nm using 

a microplate reader (TECAN Infinite 200 PRO multimode reader). % of proliferation 

was calculated by normalizing the absorbance of 24 h with 0 h absorbance and 

keeping the absorbance of untreated control as 100%. 

3.2.6 Western blot: 

Effect of tobacco carcinogens on the expression of TIPE proteins was determined 

using Western blot. Briefly, SAS and KB cells were treated with different 

concentrations of TE (0, 0.1, 0.5, 1, 5 and 10 μg/mL), tuibur (0, 1, 5, 10, 25 and 50 

μg/mL), nicotine (0, 0.1 and 0.25 μM), BaP (0, 25 and 50 ng/mL) and 4NQO (0, 0.25, 

0.5 and 0.75 ng/mL) for 24 h and the total protein was extracted using whole cell lysis 

buffer containing 20 mM HEPES buffer, 2 mM EDTA, 250 mM NaCl, 0.1% (v/v) 

Triton-X100 and  protease inhibitors such as 1 mM DTT, 1 mM PMSF, 2 μg/mL 

Aprotinin and 2 μg/mL Leupeptin hemisulfate. Protein concentrations were 

determined by Bradford protein assay (Cat. No. 500-0205; Bio rad, California, USA) 

using bovine serum albumin (BSA) as standard and equal amounts of protein were 

resolved on a 12% sodium dodecyl sulfate (SDS)-polyacrylamide gel with 5X 

Laemmli Buffer (250mM TrisHCl, 5% β-mercaptoethanol, 10% SDS, 30% Glycerol 

and 0.02% Bromophenol blue) at a voltage of 70-90 V. After resolving, the proteins 

were transferred to nitrocellulose membranes and the protein transfer was checked by 

Ponceau-S stain (Cat. No. ML045; HIMEDIA). Following the successful protein 

transfer, the membranes were blocked in 10% non-fat dry milk (Amulya) prepared in 

1X TBST (0.2 M Tris base, 1.5 M NaCl and 1% Tween-20). Following the 2-3 h 

blocking, the membranes were incubated with respective primary antibodies in 

appropriate dilution overnight at 4 °C. The next day, membranes were removed from 

primary antibodies, washed with 1X TBST and incubated with horseradish peroxidase 
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(HRP) – conjugated anti-rabbit secondary antibody for 2 h. Following the 2 h 

incubation, the membranes were again washed with 1X TBST and the blots were 

developed using Optiblot ECL Detection Kit (Cat. No. ab133406; Abcam, 

Cambridge, USA) and ChemiDoc™ XRS System (Bio-Rad, California, USA). The 

band intensity and the fold change in protein expression were calculated using 

ImageLab software considering the housekeeping genes β-actin and α-tubulin as 

loading controls. 

3.2.7 Statistical analysis:  

Statistical analysis was performed using simple Student’s t-test and p-value ≤ 0.05 

was considered as statistically significant.  

3.3 Results and discussion 

3.3.1 Exposing oral cancer cells to crude tobacco extract altered the protein 

levels of TIPE family 

As mentioned earlier, tobacco is one of the major risk factors of oral cancer and is 

proved to contain more than 70 potential carcinogens, consumption of which would 

induce chromosomal damage, mutagenesis and deregulation of various molecular 

pathways involved in cell death, inflammation, DNA repair, and cell cycle regulation 

etc. (Hecht and Szabo, 2014, Hecht, 2003, Gao et al., 2014, Schierl et al., 2014).  

Further, constitutive activation of STAT5-cyclin D1 pathway was found to be 

involved in tobacco mediated oral carcinogenesis (Mishra and Das, 2005). In addition 

to this, tobacco consumption is known to cause deregulation of several other 

signalling cascades responsible for the malignant transformation (Hecht and Szabo, 

2014, Hecht, 2003, Xue et al., 2014). Moreover, reportedly 33% of Indian population 

regardless of age, were addicted to smokeless tobacco according to a Global Adult 

Tobacco Survey (GATS 2010) released in October 2010 suggesting the Indian 
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population to pose a major oral cancer risk. Additionally, in our previous chapter we 

have found TIPE proteins to be differentially expressed in oral cancer tissues 

compared to normal tissues. Therefore, it is important to study the effect of the crude 

smokeless tobacco extract on the regulation of these proteins in order to find the cause 

behind the deregulation of TIPE proteins in oral cancer. Further increasing our 

inquisitiveness, treatment of oral cancer cells (SAS and KB) for 24 h with non-toxic 

concentrations of the crude tobacco extract (TE) as obtained from MTT assay (Figure 

3.1A) has given us interesting results (Figure 3.1). In case of SAS cells TE treatment 

induced minimal change in the expression of TIPE, TIPE1 and TIPE2 levels whereas 

expression of TIPE3 was several fold increased in response to TE (Figure 3.1B and 

C). In contrast to this, treatment of KB cells with TE significantly upregulated the 

expression of TIPE and TIPE2; downregulated TIPE1; and exerted very minimal 

effect on TIPE3 (Figure 3.1B and D) suggesting crude tobacco extract to target 

different proteins depending on the cell type. Further, it has been reported that chronic 

exposure of oral mucosa to tobacco induces genetic instability and activates various 

proliferative genes such as Cox-2, EGFR and Cyclin D1 etc. and inhibit the tumor 

suppressor genes such as p53 thus increasing the cell proliferation ultimately leading 

to the development of oral preneoplastic lesions and invasive oral carcinoma (Pérez-

Sayáns et al., 2009). Moreover, nearly 90% of oral cancers were identified to possess 

genetic alterations that affect retinoblastoma or cyclin D1 or p16 genes (Brinkman 

and Wong, 2006). Interestingly, upregulation of TIPE was also reported to inhibit p53 

and increase the expression of cyclin D1 and pRb genes in lung and colon cancers 

(Lowe et al., 2017, Miao et al., 2012, Padmavathi et al., 2018). Similarly, in 

pancreatic cancer, TIPE upregulation was observed to be correlated with increased 

EGFR levels (Liu et al., 2012). Therefore, TE induced upregulation of TIPE as 
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Figure 3.1: (A) Effect of crude tobacco extract on the proliferation of SAS and 

KB cells by MTT assay; (B) Effect of crude tobacco extract at 24 h treatment on 

the expression of TIPE proteins in SAS and KB cells by Western blot analysis; 

(C) and (D) Graphical representation of the fold change in protein expression in 

response to crude tobacco extract treatment for SAS and KB cells respectively as 

calculated by densitometry. (*p-value ≤ 0.05 in comparison with control)  

(A) 
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observed in KB cells might regulate oral carcinogenesis through the upregulation of 

EGFR, cyclin D1 and pRb or inhibition of p53. In addition, the significant 

downregulation of TIPE1 observed in TE treated KB cells supported our IHC results 

where the expression of TIPE1 was downregulated with disease progression 

indicating the loss of TIPE1 to be an additional molecular event responsible for tumor 

growth and progression. In line with this, previous studies have also shown TIPE1 to 

be a potent anti-tumor molecule in cancers of lung and liver, downregulation of which 

increases tumor growth, proliferation, invasion and migration and reduces apoptosis 

in these cancers (Wu et al., 2017a, Zhang et al., 2015a). Similarly, upregulation of 

TIPE2 observed in KB cells was also in correlation with our IHC results. Moreover, 

overexpression of TIPE2 was earlier shown to be associated with progression of TNM 

staging and lymph node metastasis of renal cell carcinoma (RCC) and colon cancer 

(Li et al., 2014, Zhang et al., 2013c). Therefore, our finding in addition to the previous 

reports on colon and renal cancers suggest a possible involvement of TIPE2 in TE 

mediated oral carcinogenesis. Furthermore, a 5-fold increase in the expression of 

TIPE3 was observed in TE treated SAS cells (Figure 3.1C). As per the recent reports, 

TIPE3 is a carrier protein of phosphatidyl inositol (PIP) signals that have been known 

to activate multiple signalling cascades including PI3K/Akt pathway which in turn 

would result in the activation of cell survival, proliferative and anti-apoptotic 

molecules thus contributing to tumorigenesis (Fayngerts et al., 2014, Ye et al., 2013, 

Du et al., 2012). Therefore, we hypothesized that exposure to crude TE increases the 

levels of TIPE3 in oral cancer cells which would result in increased PIP signals 

ultimately leading to the activation of downstream pathways and contributing to 

tumor development and progression.  
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3.3.2 Exposing oral cancer cells to tuibur modulated the protein levels of TIPE 

family 

Tuibur is a water-soluble tobacco smoke extract, consumed most frequently by the 

people of Mizoram, India. It is prepared by passing the tobacco smoke through water 

until it turns cognac-like in colour and gives pungent smell. It is commonly used by 

women of north-east region of India including Assam, Arunachal Pradesh, Mizoram, 

Meghalaya, Manipur, Sikkim, Nagaland and Tripura for gargling or sipping (Mahanta 

et al., 1998, Sinha et al., 2003). Since, it is produced from the tobacco smoke tuibur is 

also expected to contain the tobacco smoke related carcinogens. Further assuring its 

carcinogenic activity, reports have shown a correlation between regular use of tuibur 

and increased risk of stomach cancer (Phukan et al., 2005, Malakar et al., 2012).    

However, thus far only three reports are available on the effect of tuibur in 

tumorigenesis. As tuibur is used by keeping it in mouth for some time and spitting, we 

believe that it would have a carcinogenic effect on the oral mucosa similar to that of 

crude smokeless tobacco. Therefore, we have analysed the effect of tuibur on the 

TIPE protein levels in oral cancer. Initially, the non-toxic concentrations were 

estimated by MTT assay (Figure 3.2A) and the SAS and KB cells were treated with 

the selected concentrations of tuibur for 24 h before isolating total protein. Western 

blot analysis of tuibur treated oral cancer cells revealed that the expression of TIPE 

and TIPE3 were significantly upregulated and TIPE1 was downregulated in both the 

cell lines (Figure 3.2B-D). However, the TIPE2 levels were remarkably increased in 

tuibur treated SAS cells whereas the expression in KB cells was upregulated in lower 

concentration of tuibur and the effect on TIPE2 expression was seem to be lost in KB 

cells at higher concentrations of tuibur (Figure 3.2B and D). Effect of tuibur on TIPE 

proteins is in consistence with that of TE thus further confirming our hypothesis of 
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Figure 3.2: (A) Effect of tuibur on the proliferation of SAS and KB cells by MTT 

assay; (B) Effect of tuibur at 24 h treatment on the expression of TIPE proteins in 

SAS and KB cells by Western blot analysis; (C) and (D) Graphical representation 

of the fold change in protein expression in response to tuibur treatment for SAS 

and KB cells respectively as calculated by densitometry. (*p-value ≤ 0.05 in 

comparison with control)  
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TIPE, TIPE2 and TIPE3 having oncogenic and TIPE1 having anti-oncogenic role in 

oral carcinogenesis. Also, we presume that the downstream targets of TIPE proteins in 

response to tuibur would also be similar to that of TE. However, it has to be studied 

thoroughly as there is a severe lack of knowledge on the effect of tuibur in cancer 

related signaling molecules and its importance in the development and progression of 

oral cancer.  

In the previous sections of the current chapter we have established the effect of crude 

tobacco extract and tuibur (tobacco smoke infused water) on the expression of TIPE 

proteins in oral cancer cells. However, aforementioned, both tobacco smoke and 

smokeless tobacco contain more than 70 identified carcinogens each having their own 

mode of action and molecular targets in the process of carcinogenesis. Moreover, as 

observed in the earlier sections, both TE and tuibur modulated the expression of 

TIPEs to a different extends in context to both concentration and cell type. Therefore, 

we believed that in addition to the crude tobacco, determining effect of the individual 

tobacco carcinogens on TIPE proteins is also mandatory. In the current study, we 

focussed on two tobacco carcinogens: nicotine and BaP.   

3.3.3 Treatment of oral cancer cells with nicotine resulted in the deregulation of 

TIPE protein family 

Nicotine present in tobacco is known to be the major compound responsible for 

addiction (Nishioka et al., 2018). Even though, there have been debates on the 

carcinogenic effect of nicotine, several reports have also proved the carcinogenicity of 

nicotine. For instance, at alkaline pH, it was found to exist in non-ionized form which 

can be easily absorbed across the epithelium of oral mucosa, lung, nose, and skin and 

known to induce several oncogenic signalling cascades (Sanner and Grimsrud, 2015). 

In addition, the nicotine induced carcinogenesis was found to be mediated through the 
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nicotinic acetylcholine receptors (nAChRs) as it exerts several fold more affinity to 

nAChRs than the neurotransmitter acetylcholine. Further, this competitive binding of 

nicotine to nAChRs was shown to result in the excessive secretion of epidermal 

growth factor (EGF) which in turn activates EGFR. In addition, it was also reported to 

activate several oncogenic, mitogenic and anti-apoptotic signaling pathways; increase 

the secretion of VEGF and arachidonic acid and promote cancer cell proliferation, 

invasion and angiogenesis (Sanner and Grimsrud, 2015, Nishioka et al., 2018). In line 

with this, nicotine treatment was also proved to activate PI3K/Akt and ERK pathways 

through increased phosphorylation of EGFR in human oral squamous cell carcinoma 

cell line (HSC-2) leading to increased cell proliferation (Nishioka et al., 2018). 

Further adding to its oncogenic potential once absorbed, nicotine is metabolized into 

its derivative nitrosamines such as NNN and NNK. Besides being nicotine derivatives 

NNN and NNK are also direct tobacco specific nitrosamines (TSNAs) present mainly 

in tobacco smoke. These nitrosamines were earlier reported to be strongly associated 

with the development of various cancers including lung cancer, oral cancer and 

esophageal cancer (Hecht and Hoffmann, 1988, Minna, 2003, Nishioka et al., 2010). 

Furthermore, nicotine was also reported to induce tumor growth, progression, 

invasion, metastasis and inhibit apoptosis through activation of JAK/STAT, 

PI3K/Akt, Ras/Raf/MEK/ERK and deregulation of calcium homeostasis (Grando, 

2014). Further interestingly, the TIPE proteins were also found to be involved in the 

regulation of cell proliferation, apoptosis, invasion and migration denoting the 

significance of analysing the effect of nicotine on the expression of these proteins 

(Padmavathi et al., 2018). Therefore, we treated the oral cancer cells with non-toxic 

doses of nicotine as observed from the MTT assay (Figure 3.3B) and analysed the 

expression of TIPE proteins using Western blot. Interestingly, our results showed that 
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Figure 3.3: (A) Structure of nicotine; (B) Effect of nicotine on the proliferation of 

SAS and KB cells by MTT assay; (C) Effect of nicotine at 24 h treatment on the 

expression of TIPE proteins in SAS and KB cells by Western blot analysis; (D) 

and (E) Graphical representation of the fold change in protein expression in 

response to nicotine treatment for SAS and KB cells respectively as calculated by 

densitometry. (*p-value ≤ 0.05 in comparison with control)  
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nicotine treatment induces the overexpression of TIPE and downregulation of TIPE1 

in both SAS and KB cells (Figure 3.3C-E). Further, it exerted a minimal or no effect 

on the expression of TIPE2 and TIPE3 in SAS cells whereas a significant 

upregulation of TIPE3 was observed in KB cells (Figure 3.3C-E). These results 

suggest that similar to crude tobacco, the individual compound nicotine also shows a 

cell type specific activation of TIPE, TIPE2 and TIPE3 and inhibition of TIPE1. 

Moreover, as we already discussed, nicotine exhibits anti-apoptotic and proliferative 

effect through activation of PI3K/Akt and NF-κB pathways and the TIPE and TIPE3 

proteins were also reported to exhibit proliferative and anti-apoptotic effect through 

the regulation of similar signaling cascades (Grando, 2014, Padmavathi et al., 2018). 

Therefore, nicotine induced overexpression of these protein could be an earlier event 

in the nicotine-mediated activation of PI3K/Akt and MAPK signaling. Similarly, 

TIPE1 is a known pro-apoptotic protein downregulation of which results in the 

inhibition of several pro-apoptotic genes (Padmavathi et al., 2018). Thus, nicotine 

mediated downregulation of TIPE1 is expected to offer apoptosis resistance and 

proliferation to the cancer cells leading to increased progression. Furthermore, TIPE 

and TIPE3 were reported to be the activators of NF-κB and TIPE1 as inhibitor of NF-

κB (Padmavathi et al., 2018). And nicotine is an NF-κB activator thus further assuring 

the involvement of TIPE proteins in nicotine-mediated oral carcinogenesis.  

3.3.4 Treatment of oral cancer cells with BaP resulted in the deregulation of 

TIPE protein family 

Benzo[a]pyrene (BaP) is a polycyclic aromatic hydrocarbon (PAH) and a potential 

oral carcinogen present in tobacco smoke. In addition to tobacco smoke, BaP has also 

been found in coal combustion, motor‐vehicle exhaust and industrial emissions etc. 

(Demetriou et al., 2018). Several preclinical studies have found that BaP is converted 
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to its reactive metabolites. Most of these BaP derived metabolites were found to be 

either carcinogenic or mutagenic that forms DNA adducts causing chromosomal 

aberrations, micronuclei or DNA damage and shown to induce different types of 

cancers in vivo (Demetriou et al., 2018). Further, BaP through its active metabolites 

was reported to contribute for different hallmarks of cancer. For example, BaP was 

shown to induce cancer cell proliferation through mutations and activation of Ras 

family of genes, EGFR and ERK pathways (Demetriou et al., 2018, Meng et al., 2010, 

Wei et al., 1999, Kometani et al., 2009). Similarly, BaP was also found to critically 

regulate apoptotic resistance and angiogenesis through modulation of apoptosis 

related genes and upregulation of hypoxia‐inducible factor‐1α. However, conflicting 

studies question the actual role of BaP in both apoptosis resistance and angiogenesis 

(Demetriou et al., 2018). Furthermore, BaP was also proved to induce inactivating 

p53 mutation in lung tumors (Liu et al., 2005). Additionally, it was also proved to 

induce invasion, migration and metastasis in lung, breast and liver cancers through 

elevated pro-inflammatory cytokines viz. IL8, CCL‐2 and CCL‐3 levels, MMP‐2 and 

‐9 and activation of NF‐κB pathway (Demetriou et al., 2018). Moreover, BaP was 

also used to induce oral cancer in experimental animals (Janbaz et al., 2014, Nebert et 

al., 2013). Therefore, assessment of the effect of BaP on the expression of TIPE 

proteins would provide concrete evidence for the involvement of these proteins in 

BaP induced oral cancer. First the non-toxic concentrations of BaP were determined 

by MTT assay (Figure 3.4B) and both SAS and KB cells were exposed to the selected 

doses of BaP for 24 h. Western blot analysis revealed that BaP treatment of SAS cells 

significantly upregulates the levels of TIPE2 and TIPE3 and downregulated TIPE1 

however, does not show any remarkable effect on TIPE expression (Figure 3.4C and 

D). In contrast to this, BaP treated KB cells had increased levels of TIPE and TIPE2 
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Figure 3.4: (A) Signaling pathways involved in benzo(a)pyrene (BaP) induced 

cancer; (B) Effect of BaP on the proliferation of SAS and KB cells by MTT 

assay; (C) Effect of BaP at 24 h treatment on the expression of TIPE proteins in 

SAS and KB cells by Western blot analysis; (D) and (E) Graphical representation 

of the fold change in protein expression in response to BaP treatment for SAS and 

KB cells respectively as calculated by densitometry. (*p-value ≤ 0.05 in 

comparison with control)  
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and decreased levels of TIPE1 whereas the expression of TIPE3 was minimally 

affected (Figure 3.4C and E). Therefore, yet again like other tobacco and related 

carcinogens, effect of BaP is also seem to be cell type specific. Supporting this, earlier 

reports have also shown that effect of BaP depends on the growth kinetics of a cell 

population, type of tissue and genetic differences (Hamouchene et al., 2011, 

Demetriou et al., 2018). Together, our results supported the IHC results showing 

upregulation of TIPE, TIPE2 and TIPE3 and downregulation of TIPE1 in response to 

BaP. 

3.3.5 Exposure of oral cancer cells to 4NQO is also modulated the expression of 

TIPE proteins 

4-Nitroquinoline 1-Oxide (4NQO) is a water soluble synthetic carcinogen widely 

known to induce oral carcinogenesis in rats and mice. It was reported to form DNA 

adducts and generate reactive oxygen species resulting in mutations and DNA strand 

breaks (Tang et al., 2004). Further, it was also shown to increase the mRNA levels of 

several inflammatory cytokines like TNF-α, IFN-γ, IL-1β, IL-6, IL-17, IL-8, iNOS 

and Cox-2 which mediate carcinogenesis (Tanaka et al., 2014). Moreover, 4NQO 

induced animals are the widely used models to study the molecular mechanisms 

involved in different stages of oral carcinogenesis (Nauta et al., 1996). Therefore, 

examining the effect of 4NQO on the expression of TIPE proteins would give new 

insights into the 4NQO-induced oral carcinogenesis and prove our hypothesis of TIPE 

proteins being involved in the development and progression of oral cancer. Firstly, we 

examined the effect of 4NQO on the proliferation of SAS and KB cells by MTT assay 

in order to determine the non-toxic doses (Figure 3.5B). Later, the cells were exposed 

to the selected concentrations of 4NQO for 24 h and the effect on protein levels of 

TIPE, TIPE1, TIPE2 and TIPE3 were examined. Our results showed that 4NQO 
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Figure 3.5: (A) Molecular alterations at various stages of 4NQO induced oral 

carcinogenesis; (B) Effect of 4NQO on the proliferation of SAS and KB cells by 

MTT assay; (C) Effect of 4NQO at 24 h treatment on the expression of TIPE 

proteins in SAS and KB cells by Western blot analysis; (D) and (E) Graphical 

representation of the fold change in protein expression in response to 4NQO 

treatment for SAS and KB cells respectively as calculated by densitometry. (*p-
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significantly increased the protein levels of TIPE2 and TIPE3; decreased TIPE1 level 

and exerted minimal effect on TIPE in case of SAS cells (Figure 3.5C and D). 

However, KB cells showed remarkable upregulation of TIPE3; downregulation of 

TIPE1 and minimal changes in TIPE and TIPE2 in response to 4NQO (Figure 3.5C 

and E). Interestingly, 4NQO has been shown to induce the development of oral 

hyperplasia through upregulation of EGFR, cyclin D1, cdk4 and Bcl-2 and 

phosphorylation of Rb. Further accumulation of β-catenin and downregulation of 

tumor suppressor genes p53 and p16 were reported to be associated with the 

development of dysplasia and SCC (Kanojia and Vaidya, 2006). Similarly, results of 

our previous chapter suggested deregulation of TIPE proteins to be associated with 

disease progression from hyperplasia to SCC. In addition, TIPE proteins were also 

found to regulate the expression of above mentioned genes (Padmavathi et al., 2018). 

Further adding to this, expression of TIPE1, TIPE2 and TIPE3 proteins were also 

modulated in response to 4NQO treatment. Therefore, our results combined with the 

previous studies suggest a strong correlation between TIPE proteins and 4NQO-

induced oral cancer. Nevertheless, the very minimal effect of 4NQO on TIPE 

observed in both oral cancer cells questions the significance of this protein in 4NQO-

mediated oral carcinogenesis.    

3.4 Conclusion 

Altogether, in the current chapter for the first time we have established a correlation 

between tobacco-related carcinogens and regulation of TIPE proteins in oral cancer. 

Interestingly, most of the tobacco carcinogens including crude tobacco extract, 

tobacco infused water, nicotine, BaP and synthetic carcinogen 4NQO, resulted in the 

upregulation of TIPE, TIPE2 and TIPE3 proteins and downregulation of TIPE1. This 

supports our IHC results showing downregulation of TIPE1 and upregulation of other 
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three family members in oral cancer tissues compared to normal. Therefore, we 

presumed that deregulation of TIPE proteins to be one of the key molecular events in 

the development and progression of oral cancer as tobacco, the major risk factor of 

oral cancer, modulated the levels of these proteins. Nevertheless, our findings has 

given only a preliminary confirmation for the involvement of TIPE proteins in 

tobacco induced oral cancer hence warranting detailed studies on the upstream 

regulators and downstream targets of TIPE proteins in tobacco mediated oral 

carcinogenesis.          

 

 

 

 

 

 

 

 

 

 

 

TH-2320_136106007



Figure No. 1.1: Structure of NGAL

CHAPTER 4CHAPTER 4CHAPTER 4CHAPTER 4

Role of TNFAIP8 (TIPE) Proteins 

in the Regulation of Oral 

Cancer

TH-2320_136106007



Chapter 4 

 

81 
 

4.1 Introduction 

In our preliminary studies we have observed a differential expression of TIPE proteins 

in oral premalignant and malignant tissues. In brief, expression of TIPE, TIPE2 and 

TIPE3 were upregulated and TIPE1 was downregulated in oral cancer tissues 

compared to normal tissues. Additionally, crude tobacco and tobacco carcinogens, the 

prime risk factor for oral cancer, also induced the expression of TIPE, TIPE2 and 

TIPE3 and decreased TIPE1 expression in oral cancer cells. Furthermore, the 

synthetic carcinogen 4NQO which has been successfully used to mimic the 

developmental stages of oral cancer in experimental animal models also resulted in 

the upregulation of TIPE2 and TIPE3 and downregulation of TIPE1 in oral cancer 

cells. Therefore, collectively, results of our preliminary studies proposed that 

deregulation of TIPE family of proteins to have vital role in the development and 

maintenance of oral cancers. Further, in order to prove our hypothesis and to identify 

the downstream targets of TIPE proteins involved in the regulation of oral cancer, it is 

mandatory to silence the expression of TIPE proteins. Earlier, several studies have 

shown the silencing of TIPE proteins to greatly impact cell growth, proliferation, 

invasion, migration and metastasis of various cancers both in vitro and in vivo 

(Padmavathi et al., 2018, Bordoloi et al., 2018). Therefore, in the current chapter, we 

knockout the expression of TIPE, TIPE1, TIPE2 and TIPE3 individually in oral 

tongue carcinoma cell line (SAS) using CRISPR/Cas9-mediated knockout and 

determined the effect of gene knockout on the proliferation, colony formation, 

migration and cell cycle progression of SAS cells in vitro. Also, we identified the 

downstream targets of TIPE proteins involved in the regulation of oral carcinogenesis. 

4.2 Materials and methods     

4.2.1 Cell culture: 
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The human tongue squamous cell carcinoma cell line, SAS was used for gene 

knockout study. SAS cells were obtained from the Rajiv Gandhi Centre for 

Biotechnology (RGCB), Trivandrum, India and cultured in Dulbecco’s Modified 

Eagle Medium (DMEM; Gibco™; Life Technologies, NY, USA) enhanced with 10% 

fetal bovine serum (FBS; Gibco®, NY, USA) and 1X Pen-Strep (Invitrogen, CA, 

USA) and maintained at 37 °C in a humidified, CO2-regulated (95% air/5% CO2 

atmosphere) incubator. 

4.2.2 CRISPR/Cas9-mediated gene knockout: 

Expression of TIPE, TIPE1, TIPE2 and TIPE3 genes was impaired using the 

CRISPR/Cas9 gene editing. For this purpose, commercially available CRISPR/Cas9 

All-in-One Lentivector sets (Human) expressing both human Cas9 and respective 

sgRNAs viz. TNFAIP8 sgRNA CRISPR/Cas9 All-in-One Lentivector set (Human) 

(Cat. No. K2414505), TNFAIP8L1 sgRNA CRISPR/Cas9 All-in-One Lentivector set 

(Human) (Cat. No. K2414605), TNFAIP8L2 sgRNA CRISPR/Cas9 All-in-One 

Lentivector set (Human) (Cat. No. K2414705), TNFAIP8L3 sgRNA CRISPR/Cas9 

All-in-One Lentivector set (Human) (Cat. No. K2414805) and Scrambled sgRNA 

CRISPR/Cas9 All-in-One Lentivector (Cat. No. K010) were purchased from Applied 

Biological Materials, Richmond, BC, Canada. The sgRNA target sequences are 

provided in Table 4.1. In brief, SAS cells were plated in a 24 well plate at a density of 

25000 cells/500 µL/well and allowed to grow until 70-80% confluency. After 

reaching the desired confluency, the cells were transfected with 1 µg of respective 

plasmids using Lentifectin™ transfection reagent (Cat. No. G074, Applied Biological 

Materials, Richmond, BC, Canada) in incomplete opti-MEM media and incubated in a 

37 °C CO2-regulated (95% air/5% CO2 atmosphere) incubator for 5-8 h. Following 

the 5-8 h incubation, 10% FBS (Gibco®, NY, USA) was added to the wells and 
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incubated for 24 h. At the end of 24 h, the plasmid containing media was replaced 

with fresh complete DMEM and allowed to recover for 24 h. Post 24 h recovery, 2.5 

µg/mL of puromycin (Cat. No. P8833, Sigma-Aldrich, Missouri, USA) was added to 

the cells for positive selection. As the CRISPR/Cas9 plasmids carry puromycin 

resistance gene only the transfected cells will be resistant to puromycin. Therefore, 

the puromycin resistant cells were allowed to form colonies before proceeding for 

single cell selection. Selected single cell clones were screened for gene knockout by 

Western blotting. Cells that carried complete inhibition of respective proteins were 

cloned further and used for further studies.       

 Table 4.1: sgRNA target sequences 

Gene Target sgRNA target sequence 

TNFAIP8 

(TIPE) 

Target 1 ACTTGTGTCGTCTATTAAGG 

Target 2 TCATCAGCTTGCTATGACCG 

Target 3 CAAAGGTATAATCCACCTGA 

TNFAIP8L1 

(TIPE1) 

Target 1 TGAGCTGTACCGCGCCACCA 

Target 2 GTCCACCTGGTGGAAGCTGA 

Target 3 CACCTGACCGCCAAGTCCCA 

TNFAIP8L2 

(TIPE2) 

Target 1 CCAAGGAGTACACGCACAGC 

Target 2 CAGGTCCTTGATCACGCGCT 

Target 3 CCCGCTTTCGCCAGAAGCTG 

TNFAIP8L3 

(TIPE3) 

Target 1 AACGGATATGCAGGGACCCA 

Target 2 ACGTGGCATCCCTTGTGCCT 

Target 3 CGGAATCCGAATCCATGCTG 

Scrambled - GCACTCACATCGCTACATCA 
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4.2.3 MTT assay: 

MTT assay was performed to determine the proliferation of TIPE, TIPE1, TIPE2 and 

TIPE3 knockout SAS cells. In short, the scrambled sgRNA transfected cells (denoted 

as scrambled or SCR here after), TIPE knockout cells (denoted as Cr TNFAIP8 here 

after), TIPE1 knockout (denoted as Cr TNFAIP8L1 here after), TIPE2 knockout cells 

(denoted as Cr TNFAIP8L2 cells here after) and TIPE3 knockout cells (denoted as Cr 

TNFAIP8L3 cells here after) were seeded in 96 well plates at a density of 2000 

cells/100 μL/well in and allowed to grow for 0 and 72 h. 10 μL of 5 mg/mL MTT 

(Cat. No. M2128, Sigma-Aldrich, Missouri, USA) was added to the respective plates 

at the end of 0 and 72 h and incubated for 2 h in a CO2-regulated 37 °C incubator. 

Following the 2 h incubation, the MTT containing media was replaced with 100 μL of 

dimethyl sulfoxide (DMSO) (Cat. No. 1.16743.0521, Merck, Darmstadt, Germany) to 

dissolve the formazan crystals and incubated in dark for 1 h at RT. After the 1 h 

incubation, absorbance of the plate was measured at 570 nm using a microplate reader 

(TECAN Infinite 200 PRO multimode reader). % of proliferation was calculated by 

normalizing the absorbance of 72 h with 0 h absorbance and keeping the absorbance 

of scrambled as 100%.   

4.2.4 Colony formation assay: 

In colony formation assay, the clonogenic potential of a single is being tested which 

gives an estimate of the survival capacity of the cells. Colony formation assay was 

performed as reported earlier (Rafehi et al., 2011).  In brief, scrambled, Cr TNFAIP8, 

Cr TNFAIP8L1, Cr TNFAIP8L2 and Cr TNFAIP8L3 cells were plated in six well 

plates at the density of 500 cells/2 mL/well and allowed to form colonies in a CO2-

regulated 37 °C incubator for at least two weeks with frequent replenishing of media. 

At the end of two weeks, the media was removed and colonies were washed gently 
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with 1X PBS and fixed with 70% ethanol for 20 min at -20 °C. After fixation, the 

colonies were again washed with 1X PBS and stained with 0.01% (w/v) crystal violet. 

Excessive staining was removed by washing with 1X PBS and the images of the 

colonies were captured. Later, the number of colonies was counted by analysing the 

images with the help of ImageJ software and survival fraction was calculated as per 

the following formula:         

Plating efficiency (PE) = (Number of colonies counted/ Number of cells plated) × 100 

Survival fraction (SF) = (PE of treated sample/ PE of control) × 100 

4.2.5 Cell cycle analysis: 

Effect of gene knockout of TIPE family proteins on the cell cycle progression of SAS 

cells was determined by flow cytometry assisted cell cycle analysis. In short, the 

scrambled, Cr TNFAIP8, Cr TNFAIP8L1, Cr TNFAIP8L2 and Cr TNFAIP8L3 cells 

were plated in six well plates at a density of 200,000 cells/2 mL/well and allowed to 

divide for 24 h. At the end of 24 h, the cells were collected by trypsinization; washed 

with 1X PBS and fixed with 75% ethanol without forming clumps overnight at -20 

°C. Just before the analysis, ethanol used for fixing was removed by centrifugation 

and the cells were washed with 1X PBS and stained with Propidium Iodide 

(PI)/RNase solution for 20 min in dark. Following the 20 mins incubation, the cells 

were analysed by flow cytometer (BD FACSCelesta™, Becton-Dickinson, New 

Jersey, USA) and the percentage of cells in each phase of the cell cycle was analysed 

using FCS express software.       

4.2.6 In vitro wound healing assay: 

Effect of TIPE genes’ knockout on the migration of SAS cells was estimated using a 

simple in vitro wound healing assay. The scrambled, Cr TNFAIP8, Cr TNFAIP8L1, 

Cr TNFAIP8L2 and Cr TNFAIP8L3 cells were plated in six well plates at a density of 
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500,000 cells/2 mL/well and allowed to form monolayer. After monolayer formation, 

media was replaced with serum free DMEM in order to halt cell proliferation and 

allowed 6-8 h for adaptation. After the 6-8 h serum starvation, a wound was created 

across the monolayer with the help of a 100 µL micro tip. The detached cells were 

washed away with 1X PBS and fresh serum free DMEM was added to the cells. 

Finally, images of the wounds were captured using an inverted Nikon light 

microscope and a camera.     

4.2.7 Western blot analysis: 

 The successful gene knockout and its downstream targets were determined by 

Western blotting. In brief, the total protein lysates were prepared from the scrambled, 

Cr TNFAIP8, Cr TNFAIP8L1, Cr TNFAIP8L2 and Cr TNFAIP8L3 cells using whole 

cell lysis buffer containing 20 mM HEPES buffer, 2 mM EDTA, 250 mM NaCl, 0.1% 

(v/v) Triton-X100 and protease inhibitors such as 1 mM DTT, 1 mM PMSF, 2 μg/mL 

Aprotinin and 2 μg/mL Leupeptin hemisulfate. Protein concentrations were 

determined by Bradford protein assay (Cat. No. 500-0205; Bio rad, California, USA) 

using bovine serum albumin (BSA) as standard and equal amounts of protein were 

resolved on a 12% or 8% sodium dodecyl sulfate (SDS)-polyacrylamide gel with 5X 

Laemmli Buffer (250 mM TrisHCl, 5% β-mercaptoethanol, 10% SDS, 30% Glycerol 

and 0.02% Bromophenol blue) at a voltage of 70-90 V. After resolving, the proteins 

were transferred to nitrocellulose membranes and the protein transfer was checked by 

Ponceau-S stain (Cat. No. ML045; HIMEDIA). Following the successful protein 

transfer, the membranes were blocked in 5% BSA for phospho-proteins and 5% non-

fat dry milk (Amulya) for other proteins. Following 2-3 h of blocking, the membranes 

were incubated with respective primary antibodies in appropriate dilution overnight at 

4 °C. The next day, membranes were removed from primary antibodies, washed with 
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1X TBST and incubated with horseradish peroxidase (HRP) – conjugated anti-rabbit 

or anti-mouse secondary antibodies for 2 h. After 2 h incubation, the membranes were 

again washed with 1X TBST and the blots were developed using Optiblot ECL 

Detection Kit (Cat. No. ab133406; Abcam, Cambridge, USA) and ChemiDoc™ XRS 

System (Bio-Rad, California, USA). The housekeeping genes GAPDH, β-actin and α-

Tubulin were used as loading controls. Table 4.2 summarizes the primary and 

secondary antibody details used for the analysis. 

Table 4.2: Details of the primary and secondary antibodies used in Western blot 

analysis  

Antibody Cat. No. Company Dilution 

Anti-TNFAIP8 antibody ab64988 abcam
®

, Cambridge, USA  1: 2000 

Anti-TNFAIP8L1 antibody ab85409 abcam
®

, Cambridge, USA  1: 1000 

Anti-TNFAIP8L2 antibody ab110389 abcam
®

, Cambridge, USA  1: 8000 

Anti-TNFAIP8L3 antibody ab111524 abcam
®

, Cambridge, USA  1: 4000 

Anti-α-Tubulin antibody 2144S 
Cell Signaling Technology, 

Massachusetts, USA 
1: 4000 

Anti-β-actin antibody 4967S 
Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-GAPDH antibody 2118S 
Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-Phospho- Akt (Ser473) 

antibody 
4060S 

Cell Signaling Technology, 

Massachusetts, USA 
1: 4000 

Anti- Akt1 antibody 2938S 
Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-Phospho- mTOR protein 

(Ser2448) antibody 
5536T 

Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-mTOR antibody 2983T 
Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-Phospho- S6 Ribosomal 

protein (Ser235/236) antibody 
4858T 

Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-S6 Ribosomal protein-

antibody 
2317S 

Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-Phospho- STAT3 9134T Cell Signaling Technology, 1: 2000 
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(Ser727) antibody Massachusetts, USA 

Anti-STAT3  antibody 9139T 
Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-Phospho- NF-κB p65 

(Ser536) antibody 
3033P 

Cell Signaling Technology, 

Massachusetts, USA 
1: 5000 

Anti- NF-κB p65 antibody 8242P 
Cell Signaling Technology, 

Massachusetts, USA 
1: 4000 

Anti-p53 antibody 2524T 
Cell Signaling Technology, 

Massachusetts, USA 
1: 1000 

Anti-PTEN antibody 11-7539 
ABGENEX pvt. Ltd., Odisha , 

India 
1: 1000 

Anti-REDD1 antibody 2516S 
Cell Signaling Technology, 

Massachusetts, USA 
1: 1000 

Anti-LC3B antibody 2775S 
Cell Signaling Technology, 

Massachusetts, USA 
1: 1000 

Anti-Bcl-2 antibody 15071 
Cell Signaling Technology, 

Massachusetts, USA 
1: 1000 

Anti-Cox-2 antibody 12282P 
Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-survivin antibody 2808BC 
Cell Signaling Technology, 

Massachusetts, USA 
1: 2000 

Anti-XIAP antibody 20-1106 
ABGENEX Pvt. Ltd., Odisha , 

India 
1: 1000 

Anti-cIAP-1/HIAP-2 antibody 20-1054 
ABGENEX Pvt. Ltd., Odisha , 

India 
1: 1000 

Anti-CXCR4 antibody ab124824 abcam
®

, Cambridge, USA 1: 2000 

Anti-MMP-9 antibody 13667P 
Cell Signaling Technology, 

Massachusetts, USA 
1: 1000 

Anti-VEGFA antibody ab46154 abcam
®

, Cambridge, USA 1: 4000 

Anti-mouse secondary antibody ab97040 abcam
®

, Cambridge, USA 1: 4000 

Anti-rabbit secondary antibody ab97080 abcam
®

, Cambridge, USA 1: 10000 

4.2.8 Statistical analysis:  

Statistical analysis was performed using simple Student’s t-test and p-value ≤ 0.05 

was considered as statistically significant and all the data are represented in 

Mean±SE.  
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4.3 Results and discussion 

It has been now well established that development of cancer is multifaceted and it 

requires several genetic and epigenetic anomalies for the normal cells to become 

cancerous. Such anomalies at the molecular level were reported to greatly influence 

the regulation of normal cellular processes such as survival, proliferation, cell cycle 

progression, cell death etc. Further assuring this, Hanahan and Weinberg, (2011) 

described certain hallmarks that are commonly associated with cancer such as non-

stop proliferation, escape from growth inhibition, resistant to cell death, replicative 

immortality, angiogenesis, invasion and metastasis, escape from the immune system 

and reprogrammed energy metabolism that are acquired during the course of 

tumorigenesis (Hanahan and Weinberg, 2011). Interestingly, so far in our study we 

have established a correlation of TIPE family of proteins with the development and 

progression of oral cancer. However, to confirm our argument it is essential to prove 

the involvement of TIPE proteins in the regulation of cancer hallmarks. In order to 

achieve this, we used CRISPR/Cas9 based gene silencing technique to knockout TIPE 

proteins in SAS cells, a human tongue squamous cell carcinoma cell line.  

4.3.1 Successful gene knockout was confirmed by Western blot 

The TIPE proteins knockout SAS cell clones were generated using CRISPR/Cas9-

mediated gene editing. For all the four proteins, transfection with target 2 

sgRNA/Cas9 plasmids generated successful knockout clones and a scrambled sgRNA 

was used to generate SCR control cells. Further, knockout of TIPE proteins was 

confirmed by Western blot (Figure 4.1) in comparison with SCR and these clones 

were multiplied and used for further studies. 
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(D) (E) 

(A) 

Figure 4.1: CRISPR/Cas9-mediated gene knockout. (A) Mechanism of 

CRISPR/Cas9-induced gene knockout. (B), (C), (D) and (E) Representative 

Western blot images of TNFAIP8 (TIPE), TNFAIP8L1 (TIPE1), TNFAIP8L2 

(TIPE2) and TNFAIP8L3 (TIPE3) knockout in comparison to scrambled (SCR). 
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4.3.2 TIPE proteins play key role in the regulation of oral cancer cell 

proliferation  

As defined by Hanahan and Weinberg, (2011), uncontrolled proliferation is the first 

and foremost hallmark of cancers. Therefore, initially we examined the effect of gene 

knockouts on the proliferation of SAS cells by MTT assay. As anticipated, the TIPE, 

TIPE2 and TIPE3 knockout clones exhibited significantly reduced proliferation 

compared to SCR control cells. However, the percentage of inhibition of proliferation 

was found to be different for all the three clones with TIPE3 knockout exhibiting 

highest inhibition (~75%) and TIPE2 knockout showing lowest inhibition (~30%). 

Further, the TIPE knockout cells were having an inhibition of 40% (Figure 4.2A, C 

and D). In contrast to this, silencing of TIPE1 protein was associated with a 

remarkable increase in the proliferation of SAS cells. The proliferation rate was 

almost doubled in TIPE1 knockout cells (Figure 4.2B). Therefore, these results 

supported our earlier results proving TIPE, TIPE2 and TIPE3 as oncogenic and TIPE1 

as anti-oncogenic proteins. Further, our results of TIPE, TIPE1 and TIPE2 knockouts 

on oral cancer proliferation were in accordance to the previous reports showing the 

role of TIPE, TIPE1 and TIPE3 proteins in other cancers whereas, effect of TIPE2 in 

oral cancer was in contrast to the antitumor activity reported in cancers of breast, 

liver, lung and prostate, gastric cancer and glioma (Padmavathi et al., 2018). 

Nevertheless, increased expression of TIPE2 was also reported in certain cancers such 

as colon cancer and renal cell carcinoma and shown to downregulate the pro-apoptotic 

caspase proteins (Zhang et al., 2013c, Li et al., 2014). Together, it was proved that 

silencing of even one among the three oncogenic proteins TIPE, TIPE2 and TIPE3 is 

enough to significantly impair the proliferation of oral cancer cells. Further, our study 
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also revealed TIPE1 to hold a significant role in controlling the proliferation of oral 

cancer, loss of which can lead to uncontrolled cell proliferation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.3 Effect of TIPE proteins on oral cancer cell proliferation was mediated 

through regulation of cell cycle progression 

After proving TIPE proteins to critically regulate oral cancer cell proliferation, we 

further analysed if this regulation of proliferation is mediated through modulation of 

cell cycle. Therefore, we examined the effect of silencing of TIPEs on the cell cycle 

progression by analysing the percentage of cell distribution in each phase of the cell 

cycle using flow cytometry and compared the results with the cell cycle distribution in 

SCR cells. Analysis of the cell cycle data with FCS express software revealed that 

knockout of TIPE and TIPE3 results in accumulation of cells at S phase and a 

Figure 4.2: Effect of CRISPR/Cas9-mediated deletion of TIPE proteins on the 

proliferation of SAS cells was evaluated by MTT assay and the percentage 

proliferation was calculated in comparison to SCR control cells. (A)-(D) show 

the effect of TIPE, TIPE1, TIPE2 and TIPE3 knockout on the proliferation of 

SAS cells respectively. (*p-value ≤ 0.05 compared to SCR) 
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Figure 4.3: Effect of CRISPR/Cas9-mediated deletion of TIPE proteins on the 

cell cycle progression of SAS cells was analysed using flow cytometry. (A) Cell 

cycle data displaying the distribution of cells in different phases of the cells 

cycle as modeled with the help of FCS express data analysis software for SCR 

and knockout cells; (B)-(E) Percentage of cells in each phase of the cell cycle 

were plotted for TIPE, TIPE1, TIPE2 and TIPE3 knockout cells against the 

distribution in SCR cells. 
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subsequent reduction in G2/M and G0/G1 phases (Figure 4.3A, B and E). Further, 

TIPE2 knockout induced G2/M phase arrest unlike the other two oncogenic proteins 

(Figure 4.3A and D). Therefore, it has been proved that reduction in the proliferation 

of oral cancer cells acquired by silencing of oncogenic TIPE proteins is mediated 

through inhibition of cell cycle progression as accumulation of cells in S or G2/M 

phase and consequent decrease in other phases of cell cycle were known to inhibit cell 

proliferation (Haque et al., 2018, Banerjee et al., 2018, Wu et al., 2017b, Yang et al., 

2006, Yu et al., 2016, Hu et al., 2017). Further, silencing of TIPE1 resulted in an 

increased percentage of cells in both S phase and subsequent G2/M phase suggesting 

an increased rate of cell division and increased proliferation as seen in our MTT 

results (Figure 4.3A and C). Hence, it is confirmed that TIPE proteins control oral 

cancer cell proliferation through regulation of cell cycle progression. Further 

interestingly, as these proteins were found to act on different phases of the cell cycle, 

a possible difference in the molecular targets of TIPE proteins is suggested in cell 

cycle regulation.  

4.3.4 Silencing of TIPE proteins significantly altered the clonogenic potential of 

oral cancer cells 

In addition to uncontrolled proliferation, increased survival, resistant to cell death and 

replicative immortality are some of the other basic characteristics of cancer cells. 

Therefore, in order to check the role of TIPE proteins in the regulation such processes 

we analysed the clonogenic potential of knockout cells in comparison to SCR control 

cells by colony forming assay. Clonogenic potential of a cell is defined by the ability 

of a single cell to multiply and form a colony which indirectly measures the survival 

and replicative cell death or immortality of the cells (Franken et al., 2006, Rafehi et 

al., 2011). In line with the previous results of the study, association of TIPE proteins 
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Figure 4.4: Effect of CRISPR/Cas9-mediated deletion of TIPE proteins on the 

survival and clonogenic potential of SAS cells was estimated by colony forming 

assay. (A), (C), (E) & (G) are the representing images showing the colonies of 

TIPE, TIPE1, TIPE2 & TIPE3 knockout cells in comparison to SCR 

respectively; (B), (D), (F) & (H) are the graphical representation of clonogenic 

potential of TIPE, TIPE1, TIPE2 & TIPE3 knockout cells measured in terms of 

survival fraction. (*p-value ≤ 0.05 compared to SCR) 
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with oral cancer is further confirmed by the colony forming assay results, measured in 

terms of survival fraction. i.e. the TIPE, TIPE2 and TIPE3 knockout cells produced 

colonies that are smaller in size and lesser in number than the SCR cells thus resulting 

in a significant reduction of survival fraction (Figure 4.4A, B, E-H). In contrast, 

TIPE1 knockout cells produced increased number of bigger colonies which was also 

reflected in the survival fraction (Figure 4.4C and D). Supporting our results, 

silencing of TIPE was also reported to reduce the colony formation of colon and lung 

cancer cells (Miao et al., 2012, Dong et al., 2010, Padmavathi et al., 2018). Similarly, 

retrieval of the lost expression of TIPE1 was shown to reduce the colony formation in 

lung cancer cells thus endorsing its antitumor activity (Wu et al., 2017a, Padmavathi 

et al., 2018). Further, in the current study we found TIPE2 knockout to decrease the 

colony formation of oral cancer cells. However, in case of lung cancer, 

overexpression of TIPE2 was proved to reduce colony formation (Padmavathi et al., 

2018, Li et al., 2015). Together, TIPE, TIPE2 and TIPE3 proteins were found to 

positively regulate and TIPE1 to negatively regulate the survival of oral cancer cells.          

4.3.5 TIPE proteins are also involved in the migration of oral cancer cells 

As mentioned earlier, advanced stages of oral cancer often associated with poor 

prognosis and invasion, migration and metastasis of cancer cells is one of the major 

contributing factors for this disease progression and poor prognosis. Therefore, it is 

indispensable to determine the effect of TIPE proteins on the invasion and migratory 

potential of oral cancer cells in order to establish their involvement in disease 

progression. Hence, the knockout clones of TIPE proteins were checked for their 

migration potential compared to SCR control cells using in vitro wound healing assay. 

Interestingly, loss of TIPE, TIPE2 and TIPE3 significantly reduced the migration of 

oral cancer cells and the anti-migratory effect of TIPE2 knockout was remarkably 
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Figure 4.5: Effect of CRISPR/Cas9-mediated deletion of TIPE proteins on the 

migration of oral cancer cells was measured by in vitro scratch/ wound healing 

assay. (A), (C), (E) & (G) are the representative images of the effect of TIPE, 

TIPE1, TIPE2 & TIPE3 knockout on the migration of SAS cells; (B), (D), (F) & 

(H) are the graphical representation of % of wound area remaining at the end of 

12 or 24 h in TIPE, TIPE1, TIPE2 & TIPE3 knockout cells as calculated by 

ImageJ software and plotted against SCR. (*p-value ≤ 0.05 compared to SCR) 
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higher than (more than 85%) the other oncogenic counterparts of TIPE family, 

suggesting the importance of TIPE2 protein in the invasion and migration of oral 

cancer cells. Further, knockout of TIPE1 resulted in an increased migration of oral 

cancer cells with almost complete healing of the wound being observed at 12 h itself 

compared to the 24 h healing time of SCR cells (Figure 4.5A-H). These results were 

in accordance with the earlier reports on other cancers except for TIPE2 (Dong et al., 

2010, 2017, Wang et al., 2018, Lian et al., 2017, Padmavathi et al., 2018). 

Collectively, in addition to proliferation and survival, deregulation of TIPE proteins 

was also found to be involved in the regulation of migration of oral cancer cells thus 

suggesting their importance in the disease progression and metastasis and their 

therapeutic values in preventing the tumor metastasis and in successful treatment of 

late stage oral cancers.     

4.3.6 Effect of TIPE knockout on the oral cancer cell survival, proliferation and 

migration was mediated through downregulation of Akt/mTOR/S6 signaling axis    

As evident from our results, deletion of TIPE significantly impaired the survival, 

proliferation and migration of oral cancer cells. Interestingly, these cancer hallmarks 

are known to be regulated by multiple signaling cascades that are abnormally 

activated or inhibited during the course of tumorigenesis. Therefore, we performed 

Western blot analysis of TIPE knockout cells to identify the molecular targets of TIPE 

protein involved in oral cancer progression. Our results revealed that knockout of 

TIPE is associated with the downregulation of proteins involved in survival, 

proliferation and inhibition of apoptosis such as Cox-2, survivin, Bcl-2 and cIAP1; 

invasion, migration and angiogenesis related proteins such as CXCR4, MMP-9 and 

VEGF-A; and upregulation of the tumor suppressor p53 (Figure 4.6.1A, B and D) 

(Hashemi Goradel et al., 2019, Hassan et al., 2014, Yu et al., 2017, Huang, 2018, 
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(A) 

(C) 

Figure 4.6.1: Molecular targets of TIPE. (A) Effect of TIPE knockout on the 

expression of proteins involved in cell survival and proliferation; (B) Effect of 

TIPE knockout on the expression of proteins involved in invasion, migration 

and angiogenesis; (C) Effect of TIPE knockout on the proteins involved in 

Akt/mTOR signaling pathway; (D) Effect of TIPE knockout on the expression 

of tumor suppressor p53.  

(B) 

(D) 
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Buijs et al., 2017, Moon et al., 2003). Further, loss of TIPE also inhibited the levels of 

LC3B, an autophagy related protein essential for the formation of autophagosomes 

(Figure 4.6.1A). Autophagy is a complex process known to be correlated both 

positively and negatively with tumorigenesis. Moreover, expression pattern of LC3 

was also observed to vary significantly between cancer types. For instance, it was 

found to be downregulated in lung cancer and upregulated in colon cancer compared 

to respective normal tissues (Wu et al., 2015). Therefore, LC3B downregulation 

observed in TIPE knockout cells might contribute to the reduced cell survival and 

proliferation of oral cancer cells. Additionally, silencing of TIPE also resulted in the 

deregulation of various components of Akt/mTOR signaling pathway. For instance, 

TIPE knockout cells were found to have reduced levels of Akt, p-Akt (S473), mTOR, 

p-mTOR (S2448), S6 and p-S6 (S235/236) proteins (Figure 4.6.1C). Interestingly, 

other members of TIPE family such as TIPE2 and TIPE3 were also earlier shown to 

regulate Akt pathway in different cancers (Padmavathi et al., 2018). However, thus far 

no reports are available on the TIPE-mediated regulation of Akt/mTOR cascade in 

oral cancer. Therefore, for the first time in our study we have found TIPE to 

positively regulate the Akt/mTOR pathway in oral cancer and silencing of the same to 

result in the deactivation of Akt/mTOR components. Further, this Akt/mTOR 

signaling is a major growth regulator pathway, constitutive activation of which is 

well-known to be involved in the development and progression of various cancers 

including the cancers of head and neck through activation of survival and proliferative 

genes (Roy et al., 2017, Hennessy et al., 2017). Therefore, our findings together with 

the previous studies suggest that TIPE mediates survival, proliferation and migration 

of oral cancer cells by activating Akt/mTOR signaling and its downstream targets 

(Figure 4.6.2).    
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Figure 4.6.2: Suppression of TIPE inhibits oral cancer progression through 

downregulation of Akt/mTOR signaling and its downstream targets. ↑- 

upregulation; ↓- downregulation.  
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4.3.7 Loss of TIPE1 exhibits oncogenic activity through activation of Akt/mTOR 

pathway 

In contrast to TIPE, loss of TIPE1 had an oncogenic effect on oral cancer cells. This 

was in line with the results of previous chapters showing TIPE1 expression to be 

downregulated in oral cancer tissues and in response to tobacco carcinogens. Further, 

the molecular analysis of the TIPE1 knockout cells revealed that loss of TIPE1 is 

associated with upregulation of anti-apoptotic, pro-survival and invasion related 

proteins such as Cox-2, cIAP1, Bcl-2 and MMP-9 (Figure 4.7.1A) (Hashemi Goradel 

et al., 2019, Hassan et al., 2014, Huang, 2018). Further, similar to TIPE, TIPE1 also 

modulated the expression of upstream and downstream targets of Akt/mTOR 

pathway. For example, TIPE1 increased the phosphorylation of Akt, mTOR and S6 

proteins which in turn is responsible for the activation of survival and proliferative 

signals (Figure 4.7.1B) (Hennessy et al., 2005). In addition, TIPE1 knockout also 

inhibited the levels of PTEN and REDD1, inhibitors of p-Akt and mTOR (Figure 

4.7.1B) (Al-Khouri et al., 2005, Kolesnichenko and Vogt, 2011, Katiyar et al., 2009). 

As learned from the review of literature, there are only very few studies are available 

on the role of TIPE1 and its association with cancer that have found TIPE1 to be 

downregulated in liver and lung cancers which in turn was associated with reduced 

apoptosis, increased tumor growth, proliferation, invasion and migration of cancer 

cells through deregulation of cyclins, caspases, MMP-9 and JNK and NF-κB 

pathways (Zhang et al., 2015a, Wu et al., 2017a). In line with these reports, our study 

for the first time established a negative correlation between TIPE1 expression and 

progression of oral cancer. Further, we also identified Akt/mTOR pathway and its 

upstream and downstream molecules to be the novel targets involved in the regulation 

of TIPE1-mediated oral cancer (Figure 4.7.2). 
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(A) 

(B) 

Figure 4.7.1: Molecular targets of TIPE1. (A) Effect of TIPE1 knockout on the 

expression of proteins involved in cell survival, proliferation and invasion; (B) 

Effect of TIPE1 knockout on the proteins involved in Akt/mTOR signaling 

pathway. 
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Figure 4.7.2: Deletion of TIPE1 augments oral cancer progression through 

activation of Akt/mTOR signaling and its downstream targets. ↑-  upregulation; 

↓- downregulation.  
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4.3.8 Suppression of TIPE2 expression reduced the survival, proliferation and 

migration of oral cancer cells through downregulation of Akt/mTOR/S6/NF-

κB/STAT3 signaling axis 

Similar to TIPE protein, in our preliminary studies we observed an upregulation of 

TIPE2 in oral premalignant and malignant tissues and in oral cancer cells in response 

to the tobacco components. Therefore we hypothesized TIPE2, another member of 

TIPE family, also to contribute to the development and progression of oral cancer. 

Supporting our hypothesis, post-knockout studies also revealed that loss of TIPE2 

resulted in a significant reduction in the survival, proliferation, colony formation and 

migration of oral cancer cells in vitro. Further, in order to determine the molecular 

targets involved in this TIPE2-mediated oral carcinogenesis, we performed Western 

blot analysis of the TIPE2 knockout cells in comparison to SCR control cells. 

Interestingly, TIPE2 knockout was associated with the downregulation of various 

anti-apoptotic, proliferative and pro-survival proteins such as Cox-2, cIAP1, XIAP, 

Bcl-2 and survivin (Hashemi Goradel et al., 2019, Hassan et al., 2014). In addition, 

similar to TIPE silencing, TIPE2 knockout was also associated with reduced levels of 

autophagy related protein LC3B suggesting the inhibition of autophagy to contribute 

to its anti-survival and anti-proliferative activities in oral cancer (Figure 4.8.1A). 

Furthermore, TIPE2 knockout also resulted in reduced levels of invasion, migration 

and angiogenesis related proteins such as CXCR4, VEGF-A and MMP-9 (Figure 

4.8.1B) thus inhibiting the migration of oral cancer cells as observed in the in vitro 

wound healing assay. Moreover, alike TIPE and TIPE1, knockout of TIPE2 also 

significantly modulated the levels of proteins involved in the Akt/mTOR pathway. 

For instance, TIPE2 knockout repressed the expression and activation of Akt and 

mTOR which resulted in the downregulation of S6 and p-S6, downstream target of 
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(A) 

(C) 

Figure 4.8.1: Molecular targets of TIPE2. (A) Effect of TIPE2 knockout on the 

expression of proteins involved in cell survival and proliferation; (B) Effect of 

TIPE2 knockout on the expression of proteins involved in invasion, migration 

and angiogenesis; (C) Effect of TIPE2 knockout on the proteins involved in 

Akt/mTOR signaling pathway. 

(B) 
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Figure 4.8.2: Downregulation of TIPE2 suppresses oral cancer progression through 

downregulation of Akt/mTOR signaling and its downstream targets. ↑-  

upregulation; ↓- downregulation.  
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mTOR (Figure 4.8.1C). Interestingly, the active form of Akt and mTOR were 

reported to activate NF-κB and STAT3 respectively (Zhou et al., 2007, Bai et al., 

2009). In line with these reports, in our study, we observed that downregulation of 

TIPE2 resulted in inhibition of Akt and mTOR activation, which led to subsequent 

decrease in p-STAT3 and p-NF-κB levels ultimately resulting in reduced proliferation 

and migration of oral cancer cells (Figure 4.8.1C). However, our results were in 

contrast to the previous reports showing downregulation of TIPE2 to exert opposite 

effects in cancers of breast, liver, lung and prostate, gastric cancer and glioma with 

increased tumor growth, invasion and migration. Further, it was also reported to 

negatively regulate the PI3K/Akt pathway, NF-κB and VEGF (Padmavathi et al., 

2018). Nevertheless, increased expression of TIPE2 was also reported to 

downregulate the pro-apoptotic caspase proteins in colon cancer and RCC (Zhang et 

al., 2013c, Li et al., 2014). Therefore, our results together with the previous studies 

suggested the cancer specific expression and role of TIPE2 protein and in oral cancer 

to exert oncogenic role (Figure 4.8.2).      

4.3.9 The antitumor activity of TIPE3 gene silencing is governed through 

downregulation of Akt-independent mTOR/STAT3 signaling 

TIPE3, the latest member of TIPE protein family has been implicated in the 

development and progression of breast and lung cancers (Lian, et al., 2017, Fayngerts 

et al., 2014, Wang et al., 2018). Further, increased expression of TIPE3 was also 

reported in different cancers including cervical cancer, colon cancer, esophageal 

cancer and liver cancer (Padmavathi et al., 2018). In line with these reports, we have 

also observed a remarkable increase in the expression of TIPE3 in oral premalignant 

and malignant tumor tissues. Also, treatment of oral cancer cells with tobacco 

carcinogens resulted in the upregulation of TIPE3 suggesting a strong correlation of 
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(A) 

(C) 

Figure 4.9.1: Downstream targets of TIPE3. (A) Effect of TIPE3 knockout on 

the expression of proteins involved in cell survival and proliferation; (B) Effect 

of TIPE3 knockout on the expression of proteins involved in invasion, migration 

and angiogenesis; (C) Effect of TIPE3 knockout on the proteins involved in 

Akt/mTOR signaling pathway. 

(B) 
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Figure 4.9.2: Suppression of TIPE3 inhibits oral cancer progression through 

downregulation of Akt-independent mTOR/STAT3 signaling and its downstream 

targets. ↑-  upregulation; ↓- downregulation.  

TH-2320_136106007



Chapter 4 

 

111 
 

TIPE3 with the progression of oral cancer. Further assuring this, knockout of TIPE3 

significantly reduced the survival, proliferation, cell cycle progression and migration 

of oral cancer cells. These results were in accordance with the earlier studies on breast 

and lung cancer showing downregulation of TIPE3 to inhibit tumor growth, 

proliferation, invasion and migration (Lian, et al., 2017, Fayngerts et al., 2014, Wang 

et al., 2018, Padmavathi et al., 2018). However, the underlying mechanism for oral 

cancer seems to be different as TIPE3 knockout failed to alter the levels of p-Akt in 

oral cancer cells unlike the breast and lung cancers. Interestingly, we observed a 

decrease in both mTOR and p-mTOR levels in TIPE3 null oral cancer cells. Likewise, 

levels of p-STAT3 also decreased in TIPE3 knockout cells however, expression of p-

S6 remained unaltered in response to TIPE3 knockout (Figure 4.9.1C). Further, 

expression of survival, proliferative, anti-apoptotic, angiogenic, invasion and 

migration related proteins such as Cox-2, survivin, cIAP1, CXCR4, MMP-9 and 

VEGF-A were downregulated in TIPE3 null cells (Figure 4.9.1A and B) signifying a 

distinct Akt-independent activation of mTOR resulting in the activation of STAT3 

ultimately leading to the overexpression of cellular proteins involved in proliferation, 

survival, invasion and migration thus contributing to the progression of oral cancer. 

Moreover, similar to TIPE and TIPE2 knockout, LC3B was downregulated in TIPE3 

knockout cells as well denoting TIPE3 knockout to result in inhibition of autophagy 

thus contributing to its antitumor effects (Figure 4.9.2). 

4.4 Conclusion 

Collectively, this is the first report examining the role of TIPE proteins in oral cancer 

through CRISPR/Cas9-mediated gene knockout. In brief, results of the knockout 

studies supported our hypothesis where we postulated TIPE, TIPE2 and TIPE3 to play 

tumorigenic and TIPE1 to play antitumorigenic role in oral cancer. Further in detail, 
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all the four TIPE proteins were found to regulate the hallmarks of cancer such as 

survival, proliferation, invasion and migration as loss of these proteins greatly 

impacted these hallmarks in oral cancer. Moreover, while TIPE, TIPE1 and TIPE2 

proteins exhibited their activity through regulation of Akt/mTOR signaling cascade, 

TIPE3 acted through an Akt-independent mTOR/STAT3 pathway. However, all the 

four proteins were found to commonly deregulate the levels of proteins involved in 

the maintenance of cell survival, proliferation, apoptosis, invasion, migration, 

metastasis and angiogenesis such as Cox-2, survivin, Bcl-2, cIAP1, XIAP, CXCR4, 

MMP-9 and VEGF-A etc. Furthermore, the oncogenic proteins TIPE, TIPE2 and 

TIPE3 were also found to regulate the autophagy marker LC3B, upregulation of 

which leads to autophagy which has been reported to be involved in tumorigenesis 

and development of resistance against cancer therapies endorsing TIPE proteins to 

exert their oncogenic activity through regulation of autophagy as well. Therefore, 

taken together, in our study, the TIPE proteins were found to play significant roles in 

the progression of oral cancer claiming the therapeutic values and the importance of 

specific targeting of TIPE proteins in the disease management. However, our results 

have to be validated in vivo and in clinical settings in order to further explore their 

diagnostic, prognostic and therapeutic importance in oral cancer which would help us 

to improve the survival rate. 
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5.1 Discussion and conclusion 

India is the global epicentre of oral cancer with highest incidence and mortality rates 

(Gupta et al., 2013). Further exemplifying the severity, oral cancer was reported to 

contribute for almost 30-40% of all cancer cases in India compared to the marginal 2–

4% in the western world (Byakodi et al., 2012). This increased frequency of oral 

cancer in India is mainly attributable to the addictive habits such as consumption of 

smoke and smokeless tobacco, betel quid and alcohol. However, other factors 

including age, infection with human papillomavirus (HPV), poor oral hygiene, and 

immune deficiency syndromes etc. were also found to contribute to oral cancer risk 

(Gupta et al., 2013, Mignogna et al., 2004, Goel et al., 2014, Radhakrishnan et al., 

2012, Macek, 2010, Oral cancer foundation). The currently available therapeutic 

options for oral cancer includes surgery, radiotherapy, chemotherapy with 5-

fluorouracil, carboplatin, cisplatin, docetaxel and paclitaxel etc. or combination of 

these methods depending on the size, stage and severity of the disease and willingness 

of the patient (Rivera, 2015). Interestingly, the major advantage in this cancer is that 

the survival rate is significantly high (65-80%) compared to any other cancer if 

diagnosed at the early stages and treated accordingly. However, at the advanced 

stages, the survival rate decreases drastically despite using coadjutant therapies 

(Güneri and Epstein, 2014). Especially in India, survival rate of stage III and IV oral 

cancer patients decreased to 26.6 and 9.5% respectively from the 68.9% of Stage I 

and II patients according to a study involving around 15000 patients thus proving the 

importance of the stage of oral cancer in deciding the fate of therapy (Montero and 

Patel, 2015, Yeole et al., 2000). Unfortunately, almost 2/3 of the oral cancer cases are 

diagnosed only in the advanced stage of the disease making it difficult to treat and 

decreasing the chances of survival (Güneri and Epstein, 2014). Furthermore, side 
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effects associated with the conventional therapies, development of resistance and 

tumor recurrence were also known to contribute for poor prognosis (Su et al., 2010). 

Despite the recent development in molecular cancer therapeutics, survival rate of oral 

cancer does not seem to improve further. This is mainly due to the lack of biomarkers 

for effective targeting of the cancers in advanced stages. Recently, tumor necrosis 

factor (TNF)-α- induced protein 8 (TNFAIP8 or TIPE) family of proteins have been 

found to play significant roles in the development and maintenance of various cancers 

and the first member TNFAIP8/TIPE was first discovered to be differentially 

expressed in primary and metastatic head and neck cancer patients. Further, all the 

four identified members of TNFAIP8 family namely, TIPE, TIPE1, TIPE2 and TIPE3 

were known to share significant sequence and structural homology. In addition, they 

were also reported to critically regulate tumor invasion, migration, metastasis and 

angiogenesis processes further shouting their therapeutic and prognostic importance 

(Padmavathi et al., 2018). Therefore, we hypothesized these proteins to be involved in 

the development and progression of oral cancer. To confirm our hypothesis, in the 

first place we analysed the difference in the expression of TIPE, TIPE1, TIPE2 and 

TIPE3 proteins in human tissue samples with the help of oral cancer tissue microarray 

which contains tissues from normal oral epithelia and different developmental stages 

and grades of oral cancer along with preneoplastic lesions. Our results have proved 

that the TIPE proteins are differentially expressed in OSCC tissues compared to 

normal tissues. In detail, TIPE, TIPE2 and TIPE3 proteins were upregulated in OSCC 

whereas TIPE1 was downregulated compared to the normal tissues. The upregulation 

of TIPE was observed to be correlated with disease progression from normal to 

premalignant to malignant disease and with increase in tumor stage from stage I to 

stage IV. Although, this is the first report showing the upregulation of TIPE in oral 
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premalignant and malignant tissues, there have been reports on other cancers such as 

cancers of blood (leukemia), breast, endometrium, liver, lung, pancreas and renal 

showing TIPE to be overexpressed (Kumar et al., 2004, 2000, Liu et al., 2014b, Dong 

et al., 2017, 2010, Liu et al., 2012, Padmavathi et al., 2018). Furthermore, earlier, the 

increased expression of TIPE was also shown to increase tumor growth and 

progression of breast cancer and HCC which is in line with the current results 

showing increased TIPE levels with increase in tumor progression (Kumar et al., 

2004, 2000, Dong et al., 2017). Similar to TIPE, upregulation of TIPE2 was also 

found to be associated with oral tumor progression from hyperplasia to SCC and from 

stage I to IV disease suggesting TIPE2 overexpression to be a driving factor for oral 

cancer progression. However, this is in contrast to many other cancers such as breast, 

liver, lung, prostate and gastric cancers where TIPE2 was mostly shown to have 

antitumor effect. For example, downregulation of TIPE2 was found to increase breast 

cancer survival, growth, invasion, migration and metastasis through upregulation of β-

catenin, cyclin D1 and c-Myc levels and phosphorylation of p38 and Akt (Wang et al., 

2017, Zhang et al., 2016). Likewise, TIPE2 downregulation was also shown to 

decrease gastric cancer progression and metastasis through modulation of 

PI3K/Akt/GSK3β/β-catenin and ERK1/2 signaling pathways and to be associated 

with poor prognosis (Wu et al., 2016, Zhu et al., 2016, Padmavathi et al., 2018). 

Similarly, in glioma, liver cancer, lung cancer and prostate cancer as well the TIPE2 

downregulation was proved to be positively correlated with cancer progression, 

invasion and metastasis by deregulating various signalling molecules (Liu et al., 2016, 

Cao et al., 2013, Zhang et al., 2015b, Li et al., 2016, 2015b, Lu et al., 2016). 

However, supporting our results, TIPE2 was also observed to be upregulated in colon 

cancer, NHL and RCC (Li et al., 2014, Hao et al., 2016, Zhang et al., 2013c). 
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Therefore, it is apparent that, role of TIPE2 in tumorigenesis varies depending upon 

the type of cancer and in oral cancer it acts as a pro-tumorigenic molecule with 

significant overexpression observed in SCC tissues compared to normal tissues. 

Unlike TIPE2, the recent family member TIPE3 has been reported to have majorly 

oncogenic role (Fayngerts et al., 2014, Lian et al., 2017, Padmavathi et al., 2018). 

However, being a recently identified protein, only very few studies are available to 

explain its role in cancer and in the present study, immunohistochemical analysis of 

oral TMA revealed TIPE3 to be highly overexpressed in hyperplasia, benign and 

OSCC compared to normal tissues. Also, the increase in the levels of TIPE3 was 

higher in the initial stages (stage I and II) than the stage IV tumors. Interestingly, the 

remaining member of TIPE family, TIPE1, which was found to be downregulated in 

OSCC in the current study, has also been reported earlier to exert antitumor effect in 

liver and lung cancers where the downregulation of TIPE1 led to decreased apoptosis 

and increased tumor growth, proliferation, invasion and migration (Zhang et al., 

2015a, Wu et al., 2017a). Therefore, oral cancer TMA-IHC analysis proposed TIPE, 

TIPE2 and TIPE3 to paly oncogenic role and TIPE1 to play antitumorigenic role in 

oral cancer.  

Further confirming this, treatment of oral cancer cells SAS and KB with the prime 

risk factors for the development of oral cancer i.e. crude tobacco extracts (TE and 

tuibur), tobacco carcinogens such as nicotine and BaP, and 4NQO (a synthetic 

carcinogen used to mimic oral cancer development in vivo) resulted in the 

upregulation of TIPE, TIPE2 and TIPE3 and downregulation of TIPE1. Interestingly, 

the extent of change in the expression of TIPE proteins was carcinogen and cell line 

specific. For instance, TE treatment resulted in a several fold increase of TIPE3 in 

SAS cells whereas exerted very minimal effect in KB cells. Similarly, expression of 
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TIPE and TIPE1 were significantly modulated in KB cells whereas effect in SAS cells 

was very nominal in response to TE treatment. Likewise, tuibur (tobacco smoke 

infused water extract), a commonly used tobacco product in Mizoram, India, 

amplified the expression of TIPE and TIPE3 regardless of the cell type however, 

exerted differential effect in regulating the levels of TIPE1 and TIPE2 depending on 

the cell line. Similar to the crude extracts, even the single purified carcinogens such as 

nicotine, BaP and 4NQO exhibited cell line specific impact on the regulation of TIPE 

proteins. i.e. Nicotine treatment led to a significant increase in TIPE expression, 

decrease in TIPE1 expression and minimal change in TIPE2 expression in both SAS 

and KB cells. However, TIPE3 expression was remarkably upregulated in KB cells 

whereas negligible change was observed in SAS cells in response to nicotine 

treatment. Likewise, treatment of SAS and KB cells with BaP significantly increased 

the levels of TIPE2, decreased the levels of TIPE1 and minimally altered TIPE3 

levels in both cell lines. However, TIPE was upregulated in KB cells whereas 

minimally affected in SAS cells in response to BaP. Finally, treatment of oral cancer 

cells with 4NQO, a synthetic carcinogen, increased the expression levels of TIPE3, 

downregulated TIPE1 and had minimal effect on TIPE in both cell lines. Yet, it 

resulted in a profound upregulation of TIPE2 in case of SAS cells and not in case of 

KB cells. Moreover, the tobacco related carcinogens and TIPE proteins were found to 

share some common molecular targets that are known to be involved in the 

development and progression of oral cancer such as JAK/STAT, PI3K/Akt, 

Ras/Raf/MEK/ERK, EGFR, NF‐κB, VEGF, MMPs, Cox-2, TNF-α (Sanner and 

Grimsrud, 2015, Nishioka et al., 2018, Grando, 2014, Demetriou et al., 2018, Meng et 

al., 2010, Wei et al., 1999, Kometani et al., 2009, Tanaka et al., 2014, Padmavathi et 

al., 2018). Together, our results confirmed that TIPE proteins are involved in the oral 
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cancer development and progression and supported our IHC results showing TIPE, 

TIPE2 and TIPE3 to be upregulated and TIPE1 to be downregulated upon exposure to 

oral cancer risk factors.  

Although so far our results evidenced the involvement of TIPE proteins in oral cancer, 

they have given only preliminary idea requiring more confirmative results showing 

the signaling pathways involved in the TIPEs-mediated oral cancer and their 

importance in the regulation of various hallmarks of cancer. In order to achieve this, 

we generated four respective knockout clones for TIPE, TIPE1, TIPE2 and TIPE3 

genes using CRISPR/Cas9-mediated genome editing of SAS cell line. In support to 

our earlier arguments, knockout of TIPE, TIPE2 or TIPE3 significantly impaired the 

survival, proliferation and migration of oral cancer cells and in contrast, TIPE1 

knockout increased the survival, proliferation and migration of SAS cells. Our results 

were in line with the previous studies showing downregulation of TIPE and TIPE3 to 

significantly inhibit the survival, proliferation, invasion and migration of different 

tumor cells both in vitro and in vivo (Padmavathi et al., 2018). Likewise, the 

oncogenic role of TIPE1 knockout was also in accordance with other reports where 

ectopic expression of TIPE1 was proved to inhibit tumor growth, proliferation, 

invasion and induced cell death in HCC and lung cancer (Zhang et al., 2015a, Wu et 

al., 2017a, Padmavathi et al., 2018). However, effect of TIPE2 knockout observed in 

the current study was in contrast to the previous studies showing downregulation of 

TIPE2 to inhibit cell death and increase cancer cell survival, proliferation and 

migration in many cancers including cancers of breast, liver, lung and prostate, gastric 

cancer and glioma (Padmavathi et al., 2018). Nevertheless, in case of colon cancer, 

TIPE2 was shown to exhibit oncogenic role positively correlating with lymph node 

metastasis and downregulation of the same resulted in the activation of the pro-
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apoptotic caspase-8 thus supporting our results in oral cancer (Li et al., 2014, 

Padmavathi et al., 2018). 

Furthermore, the molecular targets of TIPE proteins in oral cancer were determined 

after successful knockout. Interestingly, loss of TIPE proteins modulated several 

proteins involved in the regulation and maintenance of cell survival, proliferation, 

migration, invasion and angiogenesis. For example, knockout of TIPE, TIPE2 and 

TIPE3 decreased the levels of Cox-2, survivin, Bcl-2, cIAP1, XIAP, CXCR4, MMP-9 

and VEGF-A whereas knockout of TIPE1 increased Cox-2, cIAP1, Bcl-2 and MMP-9 

expression and did not alter that of survivin. Further, Cox-2 has been reported to 

increase oral cancer progression and angiogenesis and its overexpression was found to 

be associated with poor prognosis of oral cancer patients (Wang et al., 2014b, Sharma 

et al., 2017). Similarly, survivin, Bcl-2, cIAP1 and XIAP are anti-apoptotic proteins 

overexpression of which was observed to be associated with tumor progression and 

resistance to therapy in oral cancers (Li et al., 2017, Mishra et al., 2015, Alam et al., 

2017, Ning et al., 2014). Additionally, other downstream targets of TIPE proteins 

MMP-9, CXCR4 and VEGF-A were also known to regulate invasion, migration, 

metastasis and angiogenesis of oral cancer (Itoh and Nagase, 2002, Zhao et al., 2016, 

Uchida et al., 2007, Patel et al., 2015). Furthermore, TIPE and TIPE2 knockout 

resulted in the downregulation of Akt, p-Akt, mTOR, p-mTOR, S6 and p-S6, the key 

molecules of Akt/mTOR signaling cascade. In addition, TIPE2 knockout significantly 

inhibited the phosphorylation of STAT3 and NF-κB whereas TIPE knockout failed to 

alter the STAT3 phosphorylation status. Further, loss of TIPE3 was associated with 

decreased levels of mTOR, p-mTOR and p-STAT3. However, unlike the other 

oncogenic counterparts, TIPE3 knockout did not change the levels of p-Akt and p-S6. 

Furthermore, loss of the tumor suppressor member TIPE1 also resulted in the 
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modulation of several key components of Akt/mTOR pathway. i.e. TIPE1 knockout 

downregulated PTEN and REDD1 (inhibitors of p-Akt and mTOR) and activated Akt, 

mTOR and S6 through increased phosphorylation. Altogether, all the TIPE proteins 

except TIPE3 were found to regulate oral cancer progression through Akt/mTOR 

signaling and TIPE3 through Akt-independent mTOR/STAT3 activation. 

Interestingly, the Akt/mTOR signaling cascade is a crucial regulator of cancer 

hallmarks such as cell cycle progression, survival, proliferation, invasion, migration, 

metastasis and genomic instability etc. and the most commonly deregulated signaling 

pathways in around 50% of solid cancers including breast cancer, colorectal cancer, 

prostate cancer, lung cancer, liver cancer, HNSCC, ovarian cancer, esophageal cancer, 

gastric cancer, pancreatic cancer, endometrial cancer and melanoma etc. Furthermore, 

it was also known to be abnormally activated in oral premalignant and malignant 

lesions. and numerous inhibitors have been developed and being examined for their 

anticancer potential in both preclinical and clinical settings (Zhang et al., 2012c, 

O'Donnell et al., 2018, Molinolo et al., 2009, Chaisuparat et al., 2016, Fruman and 

Rommel, 2014). In general, initially, cellular signals such as cytokines, chemokines or 

growth factors activate receptor tyrosine kinases (RTK) in the plasma membrane 

which in turn activates PI3K that generates PIP3 from PIP2 through phosphorylation. 

This lipid second messengers further results in the activation of Akt kinase and 

mTOR complex 1. This activation of TORC1 leads to the expression of gene products 

involved in several cellular processes such as survival, proliferation etc. through 

eukaryotic initiation factor-4E (eIF4E)-binding proteins (4E-BPs), S6 kinases, and 

autophagy regulators (O'Donnell et al., 2018, Fruman and Rommel, 2014). Therefore, 

our results clearly explain that the oncogenic potential of TIPE and TIPE2 and anti-

tumor potential of TIPE1 are mediated through critical regulation of Akt/mTOR 
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signaling pathway. Further, explaining the Akt-independent mTOR regulation 

observed in TIPE3 knockout, mTOR has been reported to be regulated through 

AMPK, Ras-MAPK pathway and hypoxia-inducible REDD1 etc. (Zhang et al., 

2012c, Memmott and Dennis, 2009). Therefore, collectively, from our results it is 

obvious that TIPE, TIPE2 and TIPE3 proteins positively regulate the progression of 

oral cancer and TIPE1 negatively regulates the same. Hence, targeting TIPE proteins 

holds great benefits in the treatment of oral cancer which would result in better 

prognosis. 

5.2 Limitations and future prospects of the study 

In the present study, we have established a strong correlation between TIPE proteins 

and oral cancer progression through various methods. However, there are few 

limitations that have to be clarified further. Firstly, the differential expression of TIPE 

proteins in oral cancer and normal oral tissues was determined by 

immunohistochemical analysis of TMA slides having only 80 tissue samples from 

different developmental stages of oral cancer. These tissue cores are very small in size 

i.e. each core is of 1.5 mm in diameter and 5 µm in thickness which confines our 

analysis to a smaller area. This could be a major concern as in cancer each and every 

cell might have numerous molecular alterations and differ from each other despite 

belonging to the same tissue. Further, the 80 tissues are categorized based on organ, 

disease pathology, grades and stages and the number of tissues in each category varies 

remarkably limiting our search of differential expression to only few categories 

leaving the knowledge on the expression of TIPE proteins in other categories such as 

different age groups, gender, organs, disease pathology and differentiation status 

highly unexplored. Furthermore, most importantly, it is crucial to include samples 

from Indian population as oral cancer is an Indian cancer and the underlying 
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molecular events may vary in accordance to ethnic and environmental differences. 

However, the TMA does not contain samples from Indian population. Therefore, 

keeping these limitations in mind more extensive analysis can be performed in future 

including more number of bigger tissue samples from Indian populace with a 

significant number of tissues in each aforementioned category. In addition, tissues 

from oral preneoplastic lesions such as leukoplakia, erythroplakia, OLP, OSF and oral 

dysplasia can also be included for the analysis in order to decipher the role of TIPE 

proteins in the development of oral cancer. Besides, expression of TIPE proteins can 

be determined in the tissues of different in vivo oral cancer models as well. Further, in 

the current study, factors like history of tobacco consumption, details of therapies 

given to the patients and their response to the treatment, chemoresistance and tumor 

recurrence status, and disease free and overall survival profiles etc. were not included. 

Hence, in future, analysing the change in the expression of TIPE proteins with respect 

to these factors will throw light on the clinical significance of TIPE proteins and their 

possible diagnostic, therapeutic and prognostic values.         

Secondly, importance of oral cancer risk factors on the regulation of TIPE proteins 

was analysed by treating oral cancer cells with various oral carcinogens. In this case, 

as we examined the effect of carcinogens on established oral cancer cells which are 

already cancerous and having several molecular alterations, it only provided 

information about the involvement of TIPEs in the progression not the development 

of oral cancer. Hence, it is also important to analyse the effect of these carcinogens on 

the expression of TIPEs in normal oral epithelial cells adding more number of 

tobacco-related and other carcinogens and other risk factors such as viral infections 

which are known to induce oral cancer. Further, it is a well-known fact that oral 

cancer develops upon chronic exposure to tobacco and related carcinogens. Therefore, 
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a time-dependant study can be performed to examine the effect of such prolonged 

exposure to these carcinogens on the expression of TIPE proteins. Such analysis can 

also be performed on in vivo models which would give a precise knowledge on the 

involvement of the deregulation of TIPEs during the course of oral carcinogenesis. 

Furthermore, deciphering the other molecular events associated with carcinogen 

treatment would provide new insights into the crosstalk between different signaling 

cascades involved in the development and maintenance of oral cancer.  

Thirdly, in the present study, we performed gene knockout analysis in order to check 

the effect of TIPE proteins on the regulation of cancer hallmarks and did not attempt 

to examine the result of retrieval of the expression which can be done in future using 

conditional knockout systems to further support our arguments regarding the 

importance of TIPE proteins in oral cancer. Further, we generated oral cancer cell 

lines baring only single gene knockout at a time for all four TIPE proteins. However, 

we haven’t analysed the effect of co-deletion of these proteins. Hence, future studies 

can be directed towards generating co-deletion of TIPE genes and determining its 

effect on the different cancer hallmarks. Besides, it is also important to determine if 

there is a crosstalk between the TIPE proteins, as they were found to share common 

molecular targets at least in oral cancer. Further in the current study, we did not look 

into the chemoresistant and chemosensitizing potential of TIPEs. As development of 

resistance and tumor recurrence are the two major reasons for poor survival and 

recovery of oral cancer patients, effect of standard chemotherapeutic drugs on the 

expression of TIPE proteins and effect of silencing of TIPEs on the response to 

chemotherapy can also be evaluated in future to establish chemoresistant and 

chemosensitizing potential of these proteins in oral cancer. Furthermore, presently we 

established the correlation of TIPE proteins with oral cancer through in vitro assays 
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performed in only one cell line. Therefore, it is indispensable to validate our results in 

multiple cell lines and in in vivo and clinical settings before proceeding for the 

development of novel diagnostic, therapeutic and prognostic methods. Additionally, 

identifying the post translational modifications (PTMs) if any, methylation status of 

the promotor regions and the promotors responsible for TIPE genes’ transcription is 

also necessary as these factors are well-established to regulate the expression and 

function of a protein and there are no data available on such factors of TIPEs till date 

which would give us more clarity on how the TIPEs deregulation occurs and its 

consequences in oral cancer. Above all, after the successful validation of our results, it 

is mandatory to identify non-toxic therapeutics that can specifically target TIPE 

proteins which would serve as better treatment option for earlier and advanced 

diseases and would greatly improve the overall survival of oral cancer patients.                         
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