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ABSTRACT 
 

Oral squamous cell carcinoma is the major type of oral cavity cancer and ranks at top 

among Pakistani males due to intense use of smokeless tobacco products. Furthermore, 

highest mortality is also observed among them as evident from recent international 

reports. Tongue is the most common site of tumor formation followed by buccal mucosa. 

Pre-cancerous lesions occur during early events of tumor formation and characterized as 

erythroplakia or leukoplakia based on color appearance. Its advanced form called oral 

sub-mucous fibrosis (OSF) develops afterwards. Despite intense improvements in 

treatment modalities, five year survival rate is still lower than 50% merely because of late 

stage diagnosis. Diagnosis at initial stages may help in prevention of disease. 

Histopathology is the gold standard method for diagnosis but minor changes can be 

overlooked; therefore, molecular markers are needed to report such minor changes.  

Proteomics has incredible role in discovery of various disease biomarkers including 

cancers. Several OSCC serum/plasma biomarkers have already been reported from 

different parts of the world using non-invasive or minimally invasive method. Pakistan 

falls in the high risk zone for OSCC due to frequent consumption of smokeless tobacco 

products especially among teenagers. Unfortunately, till date, studies on oral cancer from 

Pakistan are limited with few reports emphasizing proteomics studies. Current study was 

designed to discover serum biomarker form local population using proteomic approach. 

Samples were resolved through two dimensional gel electrophoresis and six highly 

differential spots were identified through mass spectrometric analysis. Among them, 

three were found to be down-regulated which include keratin type II(KRT1), GIMAP7 



xxi 

 

and serum albumin whereas HSP90 alpha, haptoglobin and Rabl3 showed up-regulation, 

Concurrent mRNA expression level of identified proteins was also examined in OSCC 

tissue through RT-qPCR. Further validation of Rabl3 was achieved using sandwich 

ELISA which indicated significant increase in OSCC serum.  

Among identified proteins which were down-regulated, KRT1 is suggested to act as a 

tumor suppressor. Second interesting protein, GIMAP7 is linked with the cell survival. 

Serum albumin is likely to be down-regulated since it acts as source of nourishment to 

fulfill increasing nutrients demand of tumor cells. On the other hand, HSP90 alpha 

regulates Akt kinase activity hence acts as an oncogene whereas haptoglobin has role in 

tumor metastasis by inducing change in cellular morphology. Rabl3 is reported to be an 

oncogene in different cancer including lung and hepatic carcinoma. In oral cancer, we 

report up-regulation of Rabl3 for the first time. We suggest Rabl3 as a novel candidate 

non-invasive biomarker because of its role as an oncognenic protein.  

We also studied the differential expression of key genes involved in oral carcinogenesis. 

For this purpose, malignant tissue and adjacent healthy tissue samples were used. RT-

qPCR quantification showed down-expression of tumor suppressor genes i.e., Tp53and 

CDKN1A with simultaneous over-expression of oncognes including IGF1R, Akt1, 

MAPK1, SFN and CDK2  

Furthermore, in silico analysis of identified proteins along with previously reported 

serum/plasma protein biomarkers generated fascinating results. Most of the candidates 

appeared in strong connections inferring their possible integrated roles in carcinogenesis. 



xxii 

 

However, few proteins identified in the current study didn’t show any direct interaction in 

STRING network which suggest their unique mode of action in oral carcinogenesis.  

In conclusion, this study provides useful information about differentially expressed 

proteins and their association in oral carcinogenesis. Our data is an extension of already 

existing global knowledge about oral cancer. Furthermore, it will help in filling the gap 

regarding data associated with our particular region. It is expected that such studies 

would be beneficial in suggesting a unique bio-marker for early diagnosis of oral cancer 

through non-invasive method.  
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1.1. Cancer 

Cancer is a result of alteration in essential biological phenomenon of cell cycle due to 

malfunctioning of proteins at check points of cell cycle. Cells then enter in to new phase 

of cell cycle without being checked for any abnormality in DNA (1). Uncontrolled cell 

divisions with faulty/damaged DNA continue to divide due to absence of death signals 

(2). Continuously dividing cells ultimately become malignant due to genetic aberrations 

at number of places during cell cycle (3). During transformation of normal cells in to 

cancerous, various biological mechanisms are involved including evasion of apoptosis, 

self-sufficient growth signaling, resistance to growth inhibition, increased angiogenesis 

and increased metastatic potential to occupy nearby tissues (4). Cancer is a big hurdle in 

increasing life span throughout the world and anticipated as a crucial source of mortality  

in 21
st
 century (5).  

1.2. Epidemiology of Cancer 

International Agency for Research on Cancer (IARC) has published updates on cancer in 

GLOBOCAN 2018 which shows the current status of 36 different types of cancer from 

185 countries. In 2018, 18.1 million new cancer cases have been reported throughout the 

world among which, 9.6 million were fatal. Lung cancer (11.6% of total cancer cases 

and 18.4% of total cancer related mortalities) has been declared as the top most cancer in 

the word while breast cancer remained the second most prevalent cancer (5). Increase in 

cancer morbidity and mortality is multi-factorial that could be due to aging, escalating 

human population and pervasiveness of major risk factors (6). 
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Detailed and precise data from GLOBOCAN 2018 is shown in Table 1.1 for the cancer 

ranking while Table 1.2 shows gender based data. These tables contain data of 36 

different cancer types complied from cancer registries of 185 countries. 
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Table 1.1: Cancer ranking along with data regarding morbidity and mortality in 

2018. GLOBOCAN 2018 (5); (reproduced with permission) 
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Table 1.2: Gender based morbidity and mortality data for 36 Cancers in 2018. GLOBOCAN 2018 (5); (reproduced 

with permission) 
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1.3. Oral Squamous Cell Carcinoma (OSCC) 

Majority of oral cavity cancers, approximately 90%, belong to oral squamous cell 

carcinoma (OSCC) (7). Five year survival rate is lower than 50% for advanced stages (8), 

which can be increased up to 80% if diagnosed at stage I (9). Several factors which 

influence the survival rate include stage of cancer, exposure to risk factors, occupational 

activities, socio-economic status, educational background and lack of awareness (10). 

1.4. Epidemiology of OSCC 

In 2018, almost 0.35 million people have been diagnosed with oral cavity cancers with 

mortality rate of 0.17 million in 185 countries (5). South Central Asia has been declared 

as second largest region of the world with highest incidence rate of oral cancer (Figure 

1.1). In south East Asia, OSCC is found to be a major cancer type among males. 

Particularly, entire geographical area of Pakistan has been highlighted in GLOBOCAN 

maps with highest rates of morbidity and mortality as shown in Figure 1.2 and Figure 1.3 

respectively (GLOBOCAN 2018). Highest incidence of oral cancer in males can be 

linked with exposure to risk factors (11). 
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Figure 1.1: Bar Chart representing Lip and Oral Cavity cancer in 2018; Source: 

GLOBOCAN 2018. (5); (reproduced with permission) 
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Figure 1.2: Global cancer incidence among males represented with specific color for 

each caner type. GLOBOCAN 2018 (5); (reproduced with permission) 
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Figure 1.3: Cancer death rate among males representing world picture. 

GLOBOCAN 2018 (5); (reproduced with permission) 
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1.5. Locations of Tumor   

Tongue is the most favorable site for tumor growth within oral cavity followed by lip, 

gingival palate, mucosal lining of buccal cavity and floor of mouth (12). Tongue has been 

found as the most common site for tumor growth (20-40% cases) whereas base of mouth 

cavity is second most commonly affected site with 15% to 20% of total OSCC reported 

cases (13). General sites for tumor growth are shown in Figure 1.4.  

 

Figure 1.4: Sites of oral cavity favorable for tumor growth. 
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1.6. Oral Premalignant Lesions 

Oral pre-malignant lesions have different morphological appearance representing 

different stages of transformation.  

Leukoplakia is characterized as white patches within oral cavity which are usually mild 

lesions in the beginning but can later transform in to severe dysplasia (14). Red lesions 

are called Erythroplakia; these unique white and red morphological appearances cannot 

be further categorized to any other disease (15) while Red lesions in the presence of 

white lesions are collectively called Erythroleukoplakia (16). In advanced stage of 

leukoplakia, buildup of collagen on squamous lining of cheeks appears as a fibrous 

growth characterized as Oral submucous fibrosis (OSF) (17). 

Oral submucous fibrosis is considered a  severe abnormality as precancerous condition 

that occurs primarily among Asians (18). These rapidly transform in to developed form of 

OSCC and their transformation rate is approximately 17%.  Highest rate of 

transformation has been observed in heterogeneous erythroplakia and in morphologically 

irregular lesions (19). Early stage identification of these oral premalignant lesions is 

therefore very important to control the progression of the disease, hence early diagnosis 

followed by appropriate treatment may prevent their transformation in to tumor (20). 

Typical morphology in each case of pre-malignant lesions is shown in Figure 1.5. 
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Figure 1.5: Pre-malignant lesions commonalty observed in oral cancer 
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1.7. Risk Factors Associated with OSCC 

Several risk factors have been found in close association with the onset of oral cancer 

which are discussed in following section. Most of them are closely linked to 

pathological transformations and their carcinogenic potential has been well established.  

1.7.1. Alcohol 

Alcohol consumption is considered as a major risk factor for OSCC with increasing 

severity associated with log term utilization (21). Studies have shown that heavy 

drinkers who consume  more than 170 g of whisky are ten times more susceptible to 

develop OSCC,  in comparison to those who consume fewer amounts (22). Therefore, 

limiting the amount of alcohol intake would prevent the onset of oral cancer (23).  

Besides having addictive effects,  it facilitates the entry of carcinogens to the direct 

exposed mucosal cells of oral cavity and alter their metabolism (24). Alcoholic drinks 

contain certain carcinogenic compounds such as acetaldehyde having carcinogenic 

potential which may alter morphology of oral mucosal cells (25, 26).  

1.7.2 Human Papilloma virus (HPV) 

Oncogenic viruses can trigger the initiation of oral cancer; they have the capacity to 

control over the host cellular machinery and can alter host’s DNA and chromosomal 

structures. These alterations can induce proliferation in normal cells. HPV has been 

declared as a causative agent of OSCC (27). Presence of HPV has been found in nearly 

23.5% of OSCC cases (28). It is non-enveloped DNA containing virus having regional 

occurrence in conjunction with OSCC and is restricted to few areas of the world (29, 30). 
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1.7.2. Tobacco 

Tobacco use has been strongly linked with oral cancer especially in the form of cigarette 

smoking as it contains carcinogens such as N-nitroso compounds which are involved in 

cellular transformation (31, 32). Globally, around 1.1 billion people are smokers. Eighty 

percent of total smoking community belongs to developing countries thus making them 

4 to7 times more susceptible than non-smokers (33).  

Despite the public awareness campaigns about hazardous effects of alcohol and tobacco 

consumption, both are socially accepted throughout the world (34). Nevertheless, both 

of them are hazardous having close association with OSCC (35, 36). Furthermore, there 

is a direct link between smoking cigarettes and alcohol consumption among OSCC 

subjects (37).  

1.7.3. Bidi (Low Grade Locally made Cigarette)  

Bidi is home-made low grade cigarette which contains little amount of flaked tobacco 

wrapped within a cone like pouch of dried leaf and secured with the help of string (38). 

Although it contains fewer amounts of tobacco but being homemade, lacks any filter to 

limit the amount of tar or other chemicals from entering the body. This results in more 

exposure to tar and carbon monoxide than cigarettes (39) thus putting consumers at a 

greater risk of cancer (40). Some countries in South - East Asia have high bidi 

consumption (41). 
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1.7.4. Smokeless Tobacco Products 

Tobacco in the form of smokeless products has hazardous and carcinogenic effect. These 

include various forms which are briefly discussed in this section. All smokeless tobacco 

products are frequently consumed in Pakistan and are found to have close association 

with the development of OPLs and advanced form of oral cancer (11, 42). Among 

smokeless tobacco products, areca nut, betel quid and gutka use is more common in 

Southern region of Pakistan, while naswar is commonly consumed in Northern region of 

Pakistan (43). The increased incidence of OSCC is significantly associated with the 

intensive use of smokeless tobacco (SLT) in the local population, particularly in the 

younger age group (11, 43).  

1.7.4.1. Betel Quid  

Betel quid is an emerging health issue in Asia and among Asian immigrants in western 

countries due to its carcinogenic effect. It is fourth frequent  psychotropic habit (44). It is 

a combination of various ingredients including slaked lime, areca nut, tobacco and may 

contain flavoring agents; all these ingredients gently wrapped inside a betel leaf which is 

termed as betel quid (45). Globally, around 600 million people are betel quid consumers 

and majority of them are form South East Asia especially from India and Pakistan (46). 

The link between betel quid consumption and OSCC is well established and the adverse 

effects of using betel quid have been reported in several studies (42, 47). Betel leaves 

comprises of volatile oils and other substances like alkaloids, phenols and nitrosamines 

(48). Betel quid without tobacco is an autonomous risk factor for OSCC (42). 
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1.7.4.2. Areca Nut 

Oriental palm tree Areca catechu contains seeds called areca nut. Approximately 200-400 

million people consume areca nut globally and majority of them are from India, Pakistan 

and China (46). Grinded or sliced pieces of areca nut may be processed with lime. 

Commercially available varieties include fermented, baked roasted, and sweetened areca 

nut (45). The consumption of areca nut is common among both genders of all age groups 

and social classes, however, in some societies, it is more common among women (46, 

49). Despite its cultural use, it has shown close association with oral cancer (50, 51). 

Prolonged use of areca nut has been reported to result in severe OSF resulting in OSCC  

(45). 

1.7.4.3. Naswar  

Naswar is common form of smokeless tobacco which contains various ingredients 

including tobacco, lime, indigo, cardamom, oil and menthol. Its use is most common 

among people of   Central Asia, Iran, Afghanistan and Pakistan (52). This smokeless 

form of tobacco is snuffed by keeping it adjacent to mucosal lining of gums for long 

duration (43). Its consumption has four times greater association with oral cancer as 

compared to non-consumers (53).  

1.7.4.4. Gutka 

Another chewable smokeless tobacco product is Gutka which contains several ingredients 

including powdered tobacco, areca nut, catechu, condiments and slaked lime (54). Gutka 

is a highly addictive product that was initially prepared on demand by paan vendors and 
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later became commercially available in readymade small packing (55). It is commonly 

kept in buccal cavity for long duration and has been strongly linked with onset of oral 

cancer  (54).  

Typical pictures of all discussed risk factors  are shown in Figures 1.6 & 1.7  
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Figure 1.6: Risk factors for oral cancer (Alcohol and Tobacco) 
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Figure 1.7: Smokeless tobacco products as risk factor for oral cancer. 
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1.8. Mechanism of Oral Carcinogenesis  

Genetic component has been involved in initiation and progression of various cancers, 

especially cancers which initiate at younger age including OSCC (56). Oral 

carcinogenesis is an intricate phenomenon initiated in epithelial cells due to genetic 

modifications (57). These genetic modifications transform normal cells into cancerous 

(58). Up or down regulation of key genes and proteins induces major events of 

carcinogenesis which include proliferation, apoptosis, angiogenesis, invasion, and 

metastasis (4). Several cell signaling pathways are generally involved in the overall 

mechanism of oral carcinogenesis (58). 

1.9. Genetic Alterations in Oral Caner  

Genetic damage affects important cellular activities including cell growth, differentiation, 

survival, and apoptosis (59). Uncontrolled cell cycle and dysregualtions of cell signaling 

pathways in oral cancer is the result of genetic imbalance between expression of tumor 

suppressor and oncogenes (60). Down expression or loss of function of tumor suppressor 

gene is involved in progression of OSCC which may be caused due to deleted 

chromosomal region carrying that gene (61). Tp53 is one of the major tumor suppressor 

whose mutation or down expression during oral cancer leads to loss of control over entry 

of cells at check points of cell cycle resulting in an uncontrolled cell division (62). 

Genetic modifications also induce the chromosomal regions that contain oncogenes and 

trigger their amplification during oral carcinogenesis (63).   Oncogenes are prominently 

growth promoting genes performing their action via cellular signaling (64). Activation of 
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several oncogenes such as CDK2 (65) , SFN (66), IGF1R (67) , Akt (68), and MAPK (69) 

have been reported in several cancer types. 

1.10. Cell Signaling Pathways and OSCC  

Oral carcinogenesis includes cascade of events in which genetic alterations cause 

malfunctioning of normal regulatory pathways of cell division, cell differentiation and 

apoptosis (70). Identification of such pathways and their key proteins involved in 

carcinogenesis is of utmost importance. Their strict regulation is required for 

maintenance of normal cell cycle and for prevention of tumor growth (3).  

Genetic amendment may alter important receptors of signal transduction pathway such as 

epidermal growth factor receptor (EGFR) and insulin like growth factor receptor 

(IGF1R). EGFR is a well known tyrosine kinase receptor located on the cell surface 

membrane. On activation, it stimulates several important pathways essential for tumor 

growth, survival and progression (71). Its over-expression has been reported in several 

cancers including OSCC and its hyperactivity is linked with increase metastatic potential 

along with failure to achieve apoptosis (72). Figure 1.8 illustrates the tyrosine kinase 

receptors present on cell surface membrane. On ligand binding, these receptors are 

activated effecting downstream pathways. 
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Figure 1.8: Pictorial representation of activation of tyrosine kinase receptors on 

ligand binding and their effect on downstream pathways (73). 
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IGF1R is another tyrosine kinase receptor which has intracellular tyrosine kinase activity 

and is often over expressed in case of oral carcinogenesis (74). IGF1R regulates two 

major signal transduction pathways namely PI3K/AKT/mTOR and Ras/Raf/MAPK. 

Activation of these cascades induces cell proliferation, survival, metastasis and 

angiogenesis (75). However, their recognition in lieu of specific lineage of malignancy 

and degree of aberrations in these signaling pathways has not been completely 

discovered.  

1.11. OSCC and miRNAs 

Micro RNAs (miRNAs) are short strand (18–25 nucleotides) of single stranded non-

coding RNA. They regulate the expression of various genes at post-transcriptional level 

(76). As they regulate genes which are involved in important biological processes such as 

development, angiogenesis and cell cycles, anomalous expression of these miRNAs is 

therefore strongly linked with the onset of several diseases (77). They control key 

signaling pathways involved in carcinogenesis and are associated with cell growth and 

proliferation (78). miRNA 98  and miRNA99a, have been found as negative regulators of 

IGF1R in malignancy of OSCC (79, 80). 

1.12. OSCC and Biomarker 

Although less accurate, histopathology is still the best available method for diagnosis 

(81). Since diagnosis of oral cancer takes place at an incurable stage (82), it is difficult to 

treat OSCC even with the advancement in standard treatment procedures such as surgery 

and radiotherapy (83). Some early changes in premalignant lesions are not easily 
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observed in biopsies thus molecular biology based markers offer a better choice to 

identify such minor changes. Examination of people at high risk of developing cancer 

could help in prevention of disease with on time diagnosis and appropriate treatment 

(57). Therefore, in-depth search for finding a  precise biomarker intimate the need for 

scrutinization at molecular level (84).  

Among bio-molecules, proteins perform wide variety of functions at each stage of cell 

growth/ regulation and are considered ideal biomarkers in comparison to DNA & RNA 

(85). Biomarkers reflect the genetic and molecular changes representing each stage of 

carcinogenesis (86). An ideal biomarker must be readily available through non-invasive 

means (87) and should allow repeated monitoring to help in early detection, evaluation of 

survival rate and drug response (88). Sample source for biomarker investigation ranges 

from body fluids obtained from blood/serum/plasma  to body secretions (saliva) or 

excretory product i.e., urine (89). Table 1.3 provides a list of FDA approved cancer 

biomarkers which have been used in clinical practice for the diagnosis of various cancer 

types (90). 
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Table 1.3: List of FDA approved cancer biomarkers being used in clinical practice 

(90) (reproduced with permission).  

 

 

1.13.  Biomarker Discovery and Serum Proteomics  

Research to discover a specific biomarker in OSCC has been mostly progressing with the 

help of comparative proteomic approach using tumor tissue and adjacent healthy tissue as 

a control (91, 92). Besides tumor tissues, patient’s sera could be an exceptional sample 

source (93). Venous blood is the most accessible sample source being minimally invasive 

and safe method (94). Blood collects proteins and their fragments which are routinely 
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being released from different tissues and organs of the body (95). However, developing 

malignant cells may secrete unique proteins whose identification and relative 

quantification from serum may represent candidate biomarker for OSCC (96).  

Proteome was initially referred to the whole protein counterpart determined through a 

known genome (97). Its meaning has now been elaborated to include any post 

translational modifications, proteins iso-forms, their interactions and everything post-

genomic (98).  Proteomics analysis may be helpful in identification of differentially 

expressed proteins (99) thus can be used as an ideal tool for biomarker discovery across 

many diseases (100). It has occupied central position in discovery of cancer biomarkers 

by allowing the analysis of several proteins in one go (101). Two-dimensional gel 

electrophoresis (2DE) and mass spectrometry are widely used proteomic techniques (102, 

103). Several OSCC biomarkers have been identified using proteomic approach. Table 

1.4 presents a partial list of few candidate blood based biomarkers in oral cancer.  

  



27 

 

Table 1.4: Partial list of OSCC Serum / Plasma Putative Biomarkers. 

S.No Biomarker Technique used Expression 

in OSCC 

Reference 

1 Adiponectine Immunohisto-chemistry 

& Western Blot 

Lower (104) 

2 Alpha-1-B-glycoprotein 

(ABG) 

2-D, MALDI-TOF Lower (105) 

3 Apolipoprotein A–I 2D-DIGE, MALDI–TOF Lower (106) 

4 Apurinic/apyrimidinic 

endonuclease 1/redox 

factor-1 (APE1/Ref-1) 

ELISA Higher (107) 

5 Annexin A1 mRNA Q.R.time PCR Lower (108) 

6 Monocyte chemotactic 

protein-1 (MCP-1/CCL2) 

ELISA Higher (109) 

7 Cyclin D1 ELISA Higher (110) 

8 Cytokeratins 2-D, LC/MS-MS Higher (105) 

9 C-reactive protein (CRP) Particle enhanced 

turbimetric immunoassay 

technique 

Higher (111) 

10 Ceruloplasmin LC-MS/MS Higher (112) 

11 Clusterin (CLU) 2-D, MALDI-TOF Lower (113) 

12 Complement C3c (C3) 2-D, MALDI-TOF, 

Western blotting 

Higher (113) 

13 CXCL-9 ELISA Higher (114) 

14 CYFRA 21-1 ELISA Higher (115) 

15 Decoy receptor 3 (DCR3) ELISA, QPCR, 

Immunohistochemistry 

Higher (116) 

16 Epidermal growth factor 

receptor (EGFR) 

2-D, LC/MS-MS Higher (105) 

17 Fibrinogen alpha chain 2D-DIGE, MALDI–TOF Higher (106) 

18 Fibrinogen beta chain 2D-DIGE, MALDI–TOF Higher (106) 

19 Fibrinogen gamma chain 2D-DIGE, MALDI–TOF Higher (106) 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/ceruloplasmin
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S.No Biomarker Technique used Expression 

in OSCC 

Reference 

20 G-protein coupled 

receptor 87 

2-D, LC/MS-MS Higher (105) 

21 Growth-differentiation 

factor 15 (GDF 15) 

ELISA Higher (117) 

22 Growth arrest-specific 

protein 6 (Gas6) 

ELISA Higher (118) 

23 Preoperative 

Hemoglobine 

Hb Lower (119) 

24 Haptoglobin LC-MS/MS Higher (112) 

25 Hemopexin 2D-DIGE, MALDI–TOF Lower (106) 

26 Interleukin 6 (IL6) ELISA Higher (120) 

27 Lipocalin (LCN)2 Immunoenzymatic assays Higher (121) 

28 Leucine-rich α 2-

glycoprotein (LRG) 

2-D, MALDI-TOF Lower (113) 

29 Major histocompatibility 

complex class I-related 

chain B (MiCB) 

ELISA Higher (122) 

30 Matrix metalloproteinase3 

(MMP-3) 

ELISA Higher (123) 

31 Matrix metalloproteinase 

9 (MMP-9) 

ELISA Higher (124) 

32 Matrix metalloproteinase 

(MMP-11) 

ELISA Higher (125) 

33 Matrix metalloproteinase 

(MMP-12) 

ELISA Higher (126) 

34 miR-9 RT-qPCR Lower (127) 

35 miR-21 RT-qPCR Higher (128) 

36 miR-483-5p RT-qPCR Higher (129) 

37 Nitric Oxide ELISA Higher (130) 

38 Phosphodiesterase ELISA Higher (131) 

39 Placenta Growth Factor 

(PIGF) 

ELISA Higher (132) 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/haptoglobin
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S.No Biomarker Technique used Expression 

in OSCC 

Reference 

40 Proapolipoprotein A1 

(proapo-A1) 

2-D, MALDI-TOF Higher (113) 

41 Rab11 GTPase 2-D, LC/MS-MS Higher (105) 

42 RSK2/Ribosomal protein 

S6 kinase alpha-3 

2D-DIGE , MALDI–

TOF 

Higher (106) 

43 Retinol-binding protein 4 

precursor (RBP4) 

2-D, MALDI-TOF Higher (133) 

44 SCC-Ag ELISA Higher (134) 

45 Serum fucose Cystein Reagent 

(Winzler) 

Higher (135) 

46 Serum Leptin ELISA Lower (136) 

47 Sialic acid level Resorcinol Reagent 

Method 

Higher (137) 

48 Tetranectin 2-D, Mass spectrometry Lower (138) 

49 Tumor necrosis factor 

alpha (TNFα) 

ELISA Lower (139) 

50 Th17 cells Flow cytometric analysis 

ELISA 

Higher (140) 

51 Tissue polypeptide 

antigen (TPA) 

IRMA Higher (141) 

52 Vascular endothelial 

growth factor (VEGF) 

ELISA Higher (124) 

53 Vascular endothelial growth 

factor A (VEGF-A) 

ELISA & PCR Higher (142) 

54 Vitamin D-binding 

protein 

2D-DIGE, MALDI–TOF Lower (106) 

 

Pakistan is an underdeveloped country and despite being a part of high risk zone for 

OSCC easy exposure of risk factors including smokeless tobacco products in various 

forms is a major hurdle in overcoming oral cancer burden. Furthermore, significant 
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amount of research has not been done so far on local population. Emerging tools of 

proteomics has also not been utilized to discover biomarker from local population hence, 

modern techniques of proteomics and genomics could be helpful to screen local 

population, to do in-depth search for bio-marker discovery and for studying molecular 

mechanism of carcinogenesis. This study was designed to focus on local population in 

search of non-invasive putative biomarker. 
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2.  AIM OF STUDY 
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OSCC has been recognized as widespread cancer among males and second highest 

recurrent among females in Pakistan (5). This high incidence can be linked with the 

increasing use of smokeless tobacco products among young generation (11). Therefore 

OSCC has become a serious health issue with an intense burden on economy of country. 

Geographical and cultural distribution divides smokeless tobacco consumption in two 

forms: in northern areas smokeless tobacco is consumed in the form of naswar, while in 

southern part gutka and betel quid are more prevalent forms of smokeless tobacco 

products (43). 

Regardless of the incredible developments in current treatment methods such as surgery 

or radiotherapy, the survival rate has not been improved primarily because of late stage 

diagnosis (143). Currently diagnosis is mainly based on tissue biopsies which sometimes 

fail to monitor minor changes; therefore, investigation at molecular level is desperately 

needed. Search for specific biomarker has become indispensable to develop new and 

efficient diagnostic methods. Proteomics has tremendous role in biomarker discovery and 

various quantitative methods have been introduced in past few years.  

Focus of current work was to study differential expression of proteins in sera from OSCC 

patients with an aim to identify biomarker/s. In addition, we focused on expression 

analysis of key regulatory genes in oral squamous cell carcinoma (OSCC).  

In brief, our objectives were: 

 To identify differentially expressed proteins in serum of OSCC patients through 

2-D gel electrophoresis along with mass spectrometry. 
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 To compliment differential expression of identified proteins at mRNA level. 

 To study the differential expression of key regulatory genes involved in signal 

transduction pathway. 

 To explore protein-protein interaction of putative serum/plasma biomarkers  using 

in silico tools 

Biomarker discovery for early diagnosis of OSCC using non-invasive method has not 

been carried out so far in Pakistani population. This study was designed to identify 

differentially expressed proteins from OSCC serum in search of putative biomarkers. 

Identification of a biomarker/s may not only help in early diagnosis but may also act as a 

potential therapeutic target to improve overall survival rate in oral cancer.  
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3. MATERIALS & METHODS 
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3.1. Sample Collection 

3.1.1. Ethical Approval 

Study was approved by Institutional review board (IRB), University of Karachi (#NCP-

IRB-108). Duly signed Informed consents were taken from all participants prior to 

sample collection. The study was carried out using ethical procedure as described in 

Declaration of Helsinki by World Medical Association  (144). 

3.1.2. Sample Selection Criteria 

Tumor diagnosis and grading was done through physical examination by expert surgeon 

and patients were selected after histopathological confirmation of OSCC. Diagnosis and 

stage of cancer was described through “Tumor Node Metastasis (TNM)” classification 

scheme (145). Detailed history was taken from selected individuals regarding exposure to 

risk factors, duration of exposure, age, gender, socio-economic status and occupation. 

Smokeless tobacco products consumption was the main associated risk factor with 

selected group of patients. Exclusion criteria for both healthy volunteers and OSCC 

subjects included the presence or history of any other cancer or pathophysiological 

disorders.  

3.1.3. Serum Sample Collection 

Before surgery, approximately 3ml of venous blood was collected from OSCC patients 

(n=45). Same amount of blood samples were obtained from healthy volunteers (n=30). 

Blood samples were allowed to coagulate for 15 minutes at room temperature followed 
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by centrifugation for 10 minutes at 3500 rpm to obtain serum which was immediately 

stored at -80°C till future use. 

3.1.4. Tissue Sample Collection 

OSCC tumor samples (n=45) along with adjacent healthy tissue were collected during the 

surgery from local hospital in Karachi. Tissue samples were immediately snap-frozen 

using liquid nitrogen and stored at -80 
0
C until further processing.   

3.2. Demographic Details 

Majority of participants (n=45) of the study were consumers of smokeless tobacco 

products.  Mean age of patients was 44.6 years. Males and females were nearly in 2:1 

ratio. However, healthy volunteers with same age group (n=30) were in 4:1 ratio. The 

demographic information of OSCC patients is presented in Table 3.1  
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Table 3.1: Classification of participants based on Risk Factors, Stage and location 

(n=45) 

S.No Risk Factors 

Stage of Cancer Location of Tumor 

I II III 
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1 Naswar (n=14) 09 03 02 11 - 01 - 02 

2 Paan (n=9) 06 02 01 04 01 01 01 02 

3 Gutka (n=5) 02 03 - 04 - - 01 - 

4 Mainpuri (n=4) 01 03 - 03 01 - - - 

5 Smokers &paan (n=03) 03 - - 03 - - - - 

6 Smokers & Manpuri (n=02) 01 01 - 02 - - - - 

7 Smokers &Naswar (n=01) - 01 - - - - 01 - 

8 Betel nut (n=01) 01 - - - - - 01 - 

9 None (n=06) 04 02 - 02 01 01 01 01 

Total = 45 27 15 03 29 03 03 05 05 

3.3. Serum Proteomic Analysis 

3.3.1. Albumin / Immunoglobulin G (IgG) Removal 

ProteoExtract Albumin/IgG removal kit (Merck biosciences, Darmstadt, Germany) was 

used to remove high abundant proteins (albumin & IgG) from serum samples. All 

procedure was performed in consideration with supplier’s instructions. 
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3.3.2. Protein Quantification 

Protein concentration was quantified via BCA assay (Pierce BCA protein assay kit) in 

accordance with the manufacturer’s guidelines. Standards were prepared from stock 

solution of 2mg/mL Bovine serum albumin (BSA) in working concentration of 0.1µg/µL. 

Reagent Mix was freshly prepared by adding the known volumes of reagents A and B in 

50:1. All standards were run in duplicate and BCA reagent mix was added in each sample 

followed by 30 minutes incubation at 37ºC. After incubation, absorbance was taken at 

570 nm. 

3.3.3. Sodium-Dodecyl-Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)  

Same quantity of protein (20 μg) each from control and OSCC depleted serum samples 

were resolved on 12% SDS gel to check protein content and depletion efficiency. SDS-

PAGE (146) was run under standard conditions using running buffer (Table 3.5) Freshly 

prepared 12% (pH 8.8) resolving gel (Table 3.3) was poured and left for polymerization 

then 4% (pH 6.8) stacking gel (Table 3.4) was poured and comb was precisely placed so 

that intact wells would be formed. Known volume of 3X dissociation buffer (Table 3.2) 

was gently mixed with samples and heated for five minutes at 100ºC followed by cold 

shock. After spinning at 13000 rpm for one minute, samples were loaded on gel. Bio-Rad 

Mini-PROTEAN gel system (Bio-Rad, Hercules, California, U.S.A.) was employed to 

run gels at 65 volts (constant voltage) till dye-front approached the lower end of the gel. 

After completion, gels were recovered, transferred in to separate Petri dish containing 

gel-fix solution (Table 3.6) and left overnight.  Gels were washed thrice with distilled de-

ionized water with thirty minutes interval between each successive wash. After washing, 
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gels were completely immersed in Coomassie brilliant blue (CBB) equilibration buffer 

(Table 3.7) and left for an hour followed by addition of few crystals of Coomassie 

brilliant blue dye. Gel documentation system i.e., Gel Doc XR (Bio-Rad USA) was used 

for image capture while Quantity one, 1-D analysis software was used for their analyses.  

Composition of reagents used for proteomic analysis is briefly described in following 

tables. 

Table 3.2: Composition of 3X Dissociation Buffer 

S.No Reagent Quantity  

1 0.5 M Tris-HCl (pH 6.8) 2 mL 

2 0.5% SDS 1.7 mL 

3 Β-mercaptoethanol 1.3 mL 

4 Glycerol 2 mL 

5 Bromophenol blue Few traces 

 

Table 3.3: Composition of Resolving Gel (12%) 

S.No Reagent Quantity  

1 Deionized water  4.69 mL 

2 1.5 M Tris-HCl (pH8.8) 1.87 mL 

3 Acrylamide: Bisacrylamide solution (30:0.8) 3.33 mL 

4 10% SDS 100 µL 

5 10 % Ammonium persulphate (APS) 100 µL 

6 Tetramethylethylenediamine (TEMED) 10 µL 
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Table: 3.4. Components of Stacking Gel (4%) 

S. No Reagent Quantity  

1 Deionized water 1.57 mL 

2 0.5 M Tris-HCl (pH 6.8) 600 µL 

3 Acrylamide:Bisacrylamide solution (30:0.8) 300 µL 

4 10% SDS 25 µL 

5 10 % Ammonium persulphate (APS) 50 µL 

6 Tetramethylethylenediamine (TEMED) 10 µL 

Table: 3.5. Ingredients of Running Buffer for 1000ml  

S. No. Reagent Quantity  

1 Glycine 6 g 

2 Tris base 9.5 g 

3 SDS  1.5 g 

Reagents were dissolved in deionized water and volume was made up to 1000 mL. 

Table: 3.6. Formulation of Gel fixing solution 

S. No. Reagent Quantity 

1 Ethanol 250 mL 

2 Phosphoric acid 10 mL 

Deionized water was added and volume was made up to 500 mL 
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Table: 3.7. Composition of CBB equilibration buffer for 200ml 

S. No. Reagent Quantity 

1 Ammonium sulphate 34 g 

2 Methanol 68 mL 

3 Phosphoric acid 4 mL 

Ammonium sulphate was dissolved in little amount of water then volume was made up to 

128 ml, calculated volumes of methanol and phosphoric acid were added at the end. 

3.3.4. Two Dimensional Gel Electrophoresis (2-D GE) 

Equal volume (125-130 µL) of samples containing same amount of proteins (80 µg each) 

from serum samples (OSCC and healthy control) were placed in rehydration tray after 

diluting with rehydration buffer (Table 3.8). Using passive rehydration method, the 

samples were allowed to be absorbed on ReadyStrip™ IPG strips (Bio-Rad). Strips were 

then layered with mineral oil and left for 17 hours at room temperature. IPG strips used 

were 7 cm long NL with pH range 3 to 10.  
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Table: 3.8. Components of 2D Rehydration buffer 

S.No. Reagent Quantity 

1 Urea 2.01 g 

2 Thiourea 0.7 g 

3 CHAPS 0.2 g 

4 DTT 0.015 g 

5 Deionized water 3 mL 

6 Ampholyte solution pH 3-10 50 µL 

7 Bromophenol blue Small trace if required 

3.3.4.1. Isoelectric Focusing (IEF) 

After 17 hours of rehydration, IPG strips were placed on Immobiline® strip tray (GE 

healthcare, Amersham Biosciences).  Filter wicks were placed over both ends of strips 

and electrodes were placed over the wicks to avoid direct damage to strips with the high 

running voltage. Even flow of current was facilitated using mineral oil which was layered 

on the tray. Program used is given in Table 3.9.  

Table: 3.9. Program for IEF 

Volts Time Current Steps 

200 volts 0:01hour 2 mA Gradient 

3500 volts 1:30 hour 2 mA Gradient 

3500 volts 3:00 hour 2 mA Constant 
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3.3.4.2. Strip Equilibration 

After completion of IEF, IPG strips were equilibrated for 30 minutes using equilibration 

buffer A containing 10 mg/ml DTT to facilitates reduction. Later, equilibration buffer B 

having 25 mg/ml Iodoacetamide was added to induce alkylation. Both buffers 

additionally contain known volumes of 6M urea, 10 % Tris-HCl pH 6.8, 2% SDS & 30% 

glycerol. 

3.3.4.3. SDS-PAGE (second dimension) 

After equilibration, each strip was gently placed at the top end of 12% resolving gel to 

perform second dimension SDS-PAGE using same procedure described above (Section 

3.2.3). Gel images were acquired through ExQuest spot cutter. 

3.3.5. Two Dimensional Gel Analysis  

Gel images were analysed using PDQuest software. For the differential protein 

expression analysis, control serum gel was selected as a reference or master gel image 

showing highest number of spots with best resolution. Spots from OSCC serum gel were 

matched to the master gel and spots densities were determined. 
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Figure 3.1: PDQuest experiment showing relative spot intensities of selected spots. 

Left side of panel shows spots while right side shows histogram indicating spot 

densities.  

 

3.3.6. Spot Selection and Excision 

On average, 103 spots were differentially expressed distributed among different set of 

gels. Spot intensities of differential spots were determined using PDQuest software tool. 

The spots were excised manually from stained gels for identification.  
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3.3.7.  In-gel Digestion 

Excised spots were digested according to reported protocol (147) Briefly, protein spots 

were destained with 50 % ACN and left for 15 minutes followed by dehydration with the 

help of vacuum centrifuge. Dried samples were rehydrated with reducing agent i.e., 10 mM 

DTT and placed in an incubator for 30 min at 37 °C. Reduced cysteine residues were 

alklyated using 50 mM iodoacetamide in darkness for 30 minutes at room temperature. 

Protein was digested through overnight incubation with 2ng/L of trypsin (Promega) at 37° 

C; resulting peptides were extracted with 10% (v/v) formic acid and acetonitrile (1:1).   

3.3.8.  Mass Spectrometry Analysis using MALDI-TOF 

Digested peptides were sent for Mass spectrometric analysis, to the core facility of 

ICCBS. Samples were analyzed using MALDI-TOF-TOF MS (Ultraflex III, 

BrukerDaltonics Germany) through reported protocol (148). Briefly, sample was 

prepared through proper mixing of peptide digest with matrix α-cyano-4-

hydroxycinnamic acid in same amounts. Samples were run in reflector positive ion mode. 

Digitilizer having frequency of 2GHz and nitrogen laser of wavelength 337nm were used. 

Ions were accelerated with high voltage of 25 KV; lens potential was set at 6 KV. Mass 

spectra obtained were within the range of (500–3000Da). 

3.3.9. Mass Spectrometry Analysis using nLC-MS/MS 

Thermo LTQ XL linear ion trap interfaced with nano LC system (Thermo Scientific) was 

employed for nLC-MS/MS analysis of digested peptides. Fixed volume of 1 µL sample 

was loaded into the nLC system via auto-sampler with flow rate set at 300 nL/min. 
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Peptides were eluted onto a 75 µm I.D x15 cm Pep-Map 100 C-18 nano column. 

Equilibration of column was accomplished using 96.8 % A (0.1 % F.A) and 3.2% B (98 

% ACN, 2 % water, 0.1 % F.A). Multi-step gradient from 3.2 % to 80 % solution B was 

run for 70 mins for separation of peptides. Silica tip 10 ±1um emitter was used for 

sample laoding to LTQ MS through electrospray. Capillary voltage was kept at 29.95 V 

capillary while temperature was maintained at 270
0
C. Xcalibur software (version 

2.0.7SP1) was used to generate RAW files which were later transformed into MGF files 

through Proteome Discoverer 1.2.  

3.3.10. Data Analysis using MASCOT Search Engine 

For protein identification through MALDI-TOF, Peptide Mass Fingerprinting (PMF) and 

for nLC-MS/MS, Peptide Fragmentation Fingerprinting (PFF) data of digested peptides 

was searched against Swiss-Prot database with the help of MASCOT database (Matrix 

Science). Search was carried out with the following parameters; Caramidomethylation at 

cysteines residues of peptides was selected as fixed modification of peptides while 

methionine oxidation was chosen as variable modification. Maximum number of missed 

allowed cleavages was 1, peptide tolerance 1.5 Da, MS/MS tolerance was 0.5 Da and p 

less than 0.05 was selected as criteria of significance. 

3.4. Gene Expression Analysis 

3.4.1. Tissue Homogenization & RNA Extraction  

For the extraction of total RNA using TRI Reagent® (Sigma - Aldrich, Missouri, USA), 

OSCC and adjacent healthy tissue were homogenized as per manufacturer’s guidelines. 
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Quality of the extracted RNA was evaluated through 260/280 ratio. 

3.4.2. cDNA Synthesis 

RevertAid First- Strand cDNA synthesis kit (ThermoFisher Scientific, Massachusetts, 

USA) was used to synthesize cDNA through reverse transcription of 500 ng RNA. 

Procedure was carried out in accordance with the manufacturer’s instructions. Briefly, 

RNA mix and cDNA mix were prepared according to the Tables 3.10 and 3.11 

respectively.   

Table: 3.10. Components in RNA Mix 

S.No. Components Volume 

1. 500 ng RNA As calculated 

2. (Oligo dT) Primer 1µl 

3. 10mM dNTP mix 1µl 

4. DEPC water 6µl 

 

Table: 3.11. Formulation for cDNA Synthesis Mix  

S.No. Components Volume 

1. 10x RT buffer 2µL 

2. 25 mM MgCl2 4µL 

3. 0.1 M DTT 2µL 

4. RNase out (40U/µl) 1µL 

6. Superscript III RT (200U/µl) 1µL 
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Initially, RNA mix was incubated at 65°C for 5 min followed by cold shock for 1 minute. 

RNA mix and cDNA synthesis mix were combined together and incubated at 50°C for 50 

minutes followed by incubation at 85°C for 5 min to induce denaturation. The mixture was 

then placed on ice for 1 minute to stop the reaction. 1µl RNase H was added in each tube 

to re-suspend the synthesized cDNA and left in an incubator at 37°C for 20 min afterwards 

stored at -20
0
C. 

3.4.3. Real Time-quantitative Polymerase Chain Reaction (RT-qPCR)  

 

RT-qPCR was performed via quantitative real time 7300 PCR system (Applied 

Biosystems Corp., California, USA). SYBR green master mix was prepared and mixed 

with reaction mix which contains cDNA, primer pairs, and nuclease free H2O. First initial 

cycle was run at 50°C for 5 min followed by 10 min run at 95°C. Next 40 cycles were run 

with three phases i.e., denaturation at 95°C for 14 s, annealing at 58°C for 1 min and 

extension at 72°C for 45 s (Table 3.15). Three set of experiments were separately 

performed using different set of primers. Primer sequences are given in Table 3.12, Table 

3.13 and Table 3.14 for first, second and third experiment respectively. For data 

normalization human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was 

selected in each batch of experiment. 
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Table: 3.12.  Primer sequences of identified proteins used for qPCR analysis 

 

  

S.No Gene Primer sequence from 5`-3` 

1 Type 2 keratin cytoskeletal 1(KRT1) F= AGTCTCGACCTGGACAGCAT 

R= GTACAAGGACTCGGCCTCAG 

2 Haptoglobin (HPT) F= GCTAAGATGGTTTCCCACCA 

R= GATTTTTAGCCGTGGTCAGC 

3 Heat shock protein 90 alpha (HS90α) F= GACCAGAAATCCCGACGATA 

R= GCCAAGTGATCTTCCCAGTC 

4 GTPase IMAP family member 

7(GIMAP7) 

F=  ACACCACCTGCAAGGAAATC 

R=  CCAGCAGCAGAACTAGGACA 

5 Rab-like protein 3(Rabl3) F=  AAACAAAGCGCCATGAAGTT 

R=  TACCGTGGATTTGTGCAGTC 

6 Glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) 

F= TGACAAAGTGGTCGTTGAGG 

R=  ACCTGCCGTCTAGAAAAACC 
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Table 3.13: Primer sequences of genes used for differential gene expression analysis. 

 

  

S.No Gene Primer sequence from 5`-3` 

1 Insulin-like growth factor 1 receptor 

(IGF1R) 

F= CGCAACGACTATCAGCAGCT 

R= AGATGAGCAGGATGTGGAGGT 

2 AKT serine/threonine kinase 1(Akt1) F= GCAGCACGTGTACGAGAAGA 

R= GGTGTCAGTCTCCGACGTT 

3 Mitogen-activated protein kinase 

(MAPK1) 

F= GCGCTACACCAACGTGTCGT 

R= CACGGTGCAGAACGTTAGCTG 

4 Stratifin (SFN) F= TTGAGCAGAAAAGCAACGAG 

R= GCTCAGTCTCCACCTTCTCC 

5 Tumor protein 53 (Tp53) F= TCTCGGAACATCTCGAAGCG 

R= TCCAACAACACCAGCTCCTC 

6 Cyclin-dependent kinase 2 (CDK2) F= GAGTCTTCAGTCTCCCAGCC 

R= GGGGCTAAGTTGGTGCTTTTG 

7 Cyclin-dependent kinase inhibitor 1A 

(CDKN1A, Cip1) 

F= CATGGGTTCTGACGGACATC 

R= AGGTCAGTTCCTTGTGGAGC 

8 Glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) 

F= TGACAAAGTGGTCGTTGAGG 

R= ACCTGCCGTCTAGAAAAACC 
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Table 3.14: Primer sequences for miRNA analysis 

 

Table 3.15: RT- qPCR program 

S.No. Temperature (°C) Time Steps 

1. 50°C 5 min Initial denaturation 

2. 95°C 10 min Denaturation 

3. 95 °C 14 sec Annealing 

4. 55°C 1 min Extension 

5. 72°C 45 sec Final extension 

6. 4°C ∞ Hold 

  

Number of cycles = 40.  

 

Mean expression of the genes was measured after being normalized with GAPDH and 

presented with relevance to expression in untreated control cells. 

3.4.4. qPCR Analysis of Identified Proteins in OSCC Tissue 

Expression level of identified proteins at mRNA level in oral tissue (malignant and 

healthy) were checked using primers as given in Table 3.12.  

S.No miRNA Primer sequence from 5`-3` 

1 miR98 F= AAGTTGTATTGTTGTGGGGTAGG 

R= CACACACCAGGGAAAGTAGTAAG 

2 miR99a F=  CCCATTGGCATAAACCCGTAG 

R=  CACTGACACAGACCCATAGA 
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3.4.5. Differential Expression of Key Regulatory Genes in OSCC 

To study the role of key regulatory genes, the relative gene expressions of the Human 

IGF1R, AKt1, MAPK1, SFN, Tp53, CDK2 and CDKN1A were analyzed with reference to 

the expression in adjacent healthy tissue using the ddCt Relative Quantification Plate 

Study Software by Applied Biosystems Corp. List of primers used for this part of study is 

given in Table 3.13. Dissociation curve analysis was also performed at the end of 

experiment.  

3.4.6.   Differential Expression Analysis of miRNA  

Relative expression levels of miR98 and miR99a was measured through qPCR using set 

of primers given in Table 3.14. OSCC tissue samples along with adjacent healthy control 

were used for this part of study. 

3.5. Validation of Rabl3 Expression through ELISA 

Serum Rabl3 concentration was determined in OSCC and healthy control sera, using 

commercially available ELISA kit (SET514Hu, Cloud-Clone, USA) in accordance with 

the manufacturer’s instructions. Briefly, 100µl of each standards and sera samples were 

poured in to 96 well plates covered with human Rabl3 monoclonal antibody and left in an 

incubator for an hour at 37°C. After incubation, liquid was discarded and 100µl detection 

reagent A was transferred in each well and left for another incubation at 37°C. After this, 

100µl detection reagent B was added and left in an incubator at 37°C for 30 minutes. 

After careful aspiration, 90 µl of substrate solution was added and left for final incubation 

for 15 minutes at 37°C. At the end, 50µl of stop solution was added and absorbance was 
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measured at 450 nm using a micro-plate reader system. Serial dilutions of standard were 

used to make standard curve; samples were run in triplicate and mean of their absorbance 

was used to find Rabl3 concentration.  

3.6. Statistical Analysis  

Data were analyzed using the statistical software of SPSS 20.0 for Windows (SPSS Inc., 

USA). Student t-test was used to analyze the statistical difference wherever applicable. P-

value less than 0.05 was regarded as statistically significant. 

3.7. In Silico Analysis 

3.7.1. Gene and Protein Interaction Analysis Using STRING 

The protein interactions were retrieved from STRING database (149). This repository 

includes the physical and functional associations of the genes/proteins. In the first part of 

study, protein IDs of identified proteins along with protein IDS of previously reported 

serum/plasma putative protein biomarkers as given in Table 3.16 were seeded in 

STRING search window for multiple proteins.  
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Table 3.16: OSCC Serum/Plasma potential protein biomarkers generated from 

partial list given in Table 1.4.7 

S.No Protein name Entry  name Gene name 

Protein 

Accession 

ID 

Reference 

1.  Adiponectin ADIPO_HUMAN ADIPOQ Q15848 (104) 

2.  Alpha-1B-glycoprotein A1BG_HUMAN A1BG P04217 (105) 

3.  Apolipoprotein A–I APOA1_HUMAN APOA1 P02647 (106) 

4.  DNA-(apurinic or 

apyrimidinic site) lyase 
APEX1_HUMAN APEX1 APE, P27695 (99) 

5.  C-C motif chemokine 2 CCL2_HUMAN CCL2 MCP1, P13500 (109) 

6.  G1/S-specific cyclin-D1 CCDN1_HUMAN CCDN1 BCL1, P24385 (110) 

7.  Keratin, type I cytoskeletal 15 

(cytokeratin) 
K1C15_HUMAN KRT15 KRTB P19012 (105) 

8.  C-reactive protein CRP_HUMAN CRP PTX1 P02741 (111) 

9.  Ceruloplasmin CERU_HUMAN CP P00450 (112) 

10.  Clusterin CLUS_HUMAN CLU APOJ, P10909 (113) 

11.  Complement C3 CO3_HUMAN C3 CPAMD1 P01024 (113) 

12.  C-X-C motif chemokine 9 CXCL9_HUMAN CXCL9 CMK, Q07325 (114) 

13.  Keratin, type I cytoskeletal 19 

(CYFRA21-1) 
K1C19_HUMAN KRT19 P08727 (115) 

14.  Tumor necrosis factor receptor 

superfamily member 6B (Decoy 

receptor 3, DcR3) (Decoy 

receptor for Fas ligand) (M68) 

TNF6B_HUMAN 
TNFRSF6B 

DCR3 
O95407 (116) 

15.  Epidermal growth factor 

receptor 
EGFR_HUMAN EGFR ERBB, P00533 (105) 

16.  Fibrinogen alpha chain FIBA_HUMAN FGA P02671 (106) 

17.  Fibrinogen beta chain FIBB_HUMAN FGB P02675 (106) 

18.  Fibrinogen gamma chain FIBB_HUMAN FGG PRO2061 Q9UC63 (106) 

19.  G-protein coupled receptor 87 GPR87_HUMAN GPR87 GPR95 Q9BY21 (105) 

20.  Growth/differentiation factor 15 GDF15_HUMAN GDF15 MIC1 Q99988 (117) 

21.  Growth arrest-specific protein 6 GAS6_HUMAN GAS6 AXLLG Q14393 (118) 

22.  Haptoglobin HPT_HUMAN HP P00738 (112) 

https://www.uniprot.org/uniprot/Q15848
https://www.uniprot.org/uniprot/P04217
https://www.uniprot.org/uniprot/P27695
https://www.uniprot.org/uniprot/P13500
https://www.uniprot.org/uniprot/P02741
https://www.uniprot.org/uniprot/P00450
https://www.uniprot.org/uniprot/P10909
https://www.uniprot.org/uniprot/P01024
https://www.uniprot.org/uniprot/Q07325
https://www.uniprot.org/uniprot/P08727
https://www.uniprot.org/uniprot/O95407
https://www.uniprot.org/uniprot/P00533
https://www.uniprot.org/uniprot/Q9BY21
https://www.uniprot.org/uniprot/Q99988
https://www.uniprot.org/uniprot/Q14393
https://www.uniprot.org/uniprot/P00738
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S.No Protein name Entry  name Gene name 

Protein 

Accession 

ID 

Reference 

23.  Hemopexin (Beta-1B-

glycoprotein) 
HEMO_HUMAN HPX P02790 (106) 

24.  Interleukin-6 IL6_HUMAN IL6 IFNB2 P05231 (150) 

25.  Neutrophil gelatinase-

associated lipocalin 
X6R8F3_HUMAN LCN2 X6R8F3 (121) 

26.  Leucine-rich alpha-2-

glycoprotein 
A2GL_HUMAN LRG1 LRG P02750 (113) 

27.  MHC class I polypeptide-

related seq... 
MICB_HUMAN MICB PERB11.2 Q29980 (122) 

28.  Stromelysin-1(MMP3) MMP3_HUMAN MMP3 STMY1 P08254 (123) 

29.  Matrix metalloproteinase-9 MMP9_HUMAN MMP9 CLG4B P14780 (124) 

30.  Stromelysin-3 MMP11_HUMAN MMP11 STMY3 P24347 (125) 

31.  Macrophage metalloelastase MMP12_HUMAN MMP12 P39900 (126) 

32.  cAMP-specific 3',5'-cyclic 

phosphodiesterase 4A 
PDE4A_HUMAN PDE4A DPDE2 P27815 (131) 

33.  Placenta growth factor, PlGF 
PLGF_HUMAN 

PGF PGFL, 

PLGF 
P49763 (132) 

34.  Ras-related protein 

Rab-11A 
RB11A_HUMAN RAB11A RAB11 P62491 (105) 

35.  Retinol-binding protein 4 RET4_HUMAN RBP4 PRO2222 P02753 (113) 

36.  RSK2/Ribosomal protein S6 

kinase alpha-3 
KS6A3_HUMAN RPS6KA3 P51812 (106) 

37.  Serpin B3 (SCC-Ag) 
SPB3_HUMAN 

SERPINB3 SCC

A, 
P29508 (134) 

38.  Leptin LEP_HUMAN LEP OB, P41159 (136) 

39.  Tumor necrosis factor TNFA_HUMAN TNF TNFA, P01375 (139) 

40.  Vascular endothelial growth 

factor A 
VEGFA_HUMAN VEGFA VEGF P15692 (124) 

41.  Tetranectin TETN_HUMAN CLEC3B TNA P05452 (138) 

42.  Leucine-rich alpha-2-

glycoprotein, LRG 
A2GL_HUMAN LRG1 LRG P02750 (113) 

43.  Vitamin D-binding protein VTDB_HUMAN GC P02774 (106) 

 

https://www.uniprot.org/uniprot/P05231
https://www.uniprot.org/uniprot/X6R8F3
https://www.uniprot.org/uniprot/P02750
https://www.uniprot.org/uniprot/Q29980
https://www.uniprot.org/uniprot/P08254
https://www.uniprot.org/uniprot/P14780
https://www.uniprot.org/uniprot/P24347
https://www.uniprot.org/uniprot/P27815
https://www.uniprot.org/uniprot/P49763
https://www.uniprot.org/uniprot/P62491
https://www.uniprot.org/uniprot/P02753
https://www.uniprot.org/uniprot/P29508
https://www.uniprot.org/uniprot/P41159
https://www.uniprot.org/uniprot/P01375
https://www.uniprot.org/uniprot/P15692
https://www.uniprot.org/uniprot/P05452
https://www.uniprot.org/uniprot/P02750
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In second part, genes examined in current study were analyzed. All were seeded in 

STRING database. The interaction network of query genes and proteins were observed 

with default settings for interaction. 

3.7.2. Ontological Classification  

In silico based classification tool, PANTHER (Protein Analysis Through Evolutionary 

Relationships), was used for classification of identified proteins along with previously 

reported OSCC serum/plasma candidate protein biomarkers (Table 3.16). Classification 

was done on the basis of Molecular Functions, Biological Processes, Cellular 

Components and Protein Classes. Pie chart option was selected for functional 

classification of proteins (151).  PANTHER results were used to make three dimensional 

pie charts using Microsoft power point tools.  
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4.1. Serum Proteomic Analysis  

Serum samples from OSCC patients (mostly smokeless tobacco consumers) and from 

healthy individuals were used. Following sections give details about results of proteomics 

studies. 

4.1.1. Protein Estimation  

After removal of high abundant proteins (albumin & IgG) from serum samples through 

Merck depletion kit, protein estimation was performed using BCA assay. Fig. 4.1 shows 

standard curve profile for protein estimation.    

 

Figure: 4.1. Standard curve for protein estimation using BCA method 
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4.1.2. SDS-PAGE 

Same quantities of depleted protein samples from both OSCC and healthy sera were 

applied on SDS-PAGE. Results of SDS-PAGE are shown in Fig. 4.2-4.4. Gel images 

demonstrate differential expression between serum pattern from cancer and normal 

subjects.  

 

Figure 4.2: Image of depleted serum samples resolved on 12% SDS-PAGE from 

sub-group1. M=Marker, N=Normal, C=Cancer.  
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Figure 4.3: SDS-PAGE image of depleted serum samples from sub-group II & III. 

N=Normal, C=Cancer. 

 

 
` 

Figure 4.4: SDS-PAGE image of depleted serum samples from sub-group IV & V. 

N=Normal, C=Cancer 
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4.1.3. Two-dimensional Gel Electrophoresis 

Two dimensional gel electrophoresis was performed using serum samples from healthy 

control and OSCC patients. In first dimension, isoelectric focusing on IPG strips (pH 3-

10) was performed followed by SDS-PAGE. Stained gel images of few representative 

gels from each set based on age and gender matched samples are shown in Figures 4.5 to 

4. 9.  
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Figure 4.5: Two dimensional gel images from set I. In first dimension for IEF, 

horizontal separation was performed using 3-10 NL –IPG strips, while vertical 

separation was achieved using 12% SDS.  Top and bottom images represent normal 

serum and OSCC serum, respectively.  
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Figure 4.6: Two dimensional gel images from set II. In first dimension for IEF, 

horizontal separation was performed using 3-10 NL –IPG strips, while vertical 

separation was achieved using 12% SDS.  Top and bottom images represent normal 

serum and OSCC serum, respectively.  
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Figure 4.7: Two dimensional gel images from set III. In first dimension for IEF, 

horizontal separation was performed using 3-10 NL –IPG strips, while vertical 

separation was achieved using 12% SDS.  Top and bottom images represent normal 

serum and OSCC serum, respectively.  
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Figure: 4.8. Two dimensional gel images from set IV. In first dimension for 

IEF, horizontal separation was performed using 3-10 NL –IPG strips, while vertical 

separation was achieved using 12% SDS.  Top and bottom images represent normal 

serum and OSCC serum, respectively.  
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Figure 4.9: Two dimensional gel images from set V. In first dimension for IEF, 

horizontal separation was performed using 3-10 NL –IPG strips, while vertical 

separation was achieved using 12% SDS.  Top and bottom images represent normal 

serum and OSCC serum, respectively.  
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4.1.4. Spot Selection and Mass Spectrometric Analysis 

Gel images were analyzed through PDQuest software. Gel displaying highest number of 

spots was selected as master gel and gels from each group were analyzed. Relative spot 

intensities were determined and sixteen spots were found to be most common among groups. 

Six spots were selected for mass spectrometric analysis using MALDI-TOF and LC-MS/MS.  

4.1.5.  Protein Identification  

Six proteins were identified through mass spectrometric analysis. Among the identified 

proteins Haptoglobin precursor, Heat shock protein alpha (HSP90α) and Rabl3 showed 

up-regulation whereas serum albumin, keratin type II and GIMAP7 was found to be 

down-regulated in OSCC serum. Their details are listed in Table 4.1. Representative gels 

of both OSCC serum and healthy control serum are shown in Figure 4.10. Relative spot 

intensities from spot 1 to spot 6 are shown in Figure 4.11. 

 

Figure 4.10: Differentially expressed spots in OSCC serum with reference to healthy 

control serum. Identified proteins are encircled on a representative comassie stained 

gel pair.  
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Figure 4.11: Relative intensities of differentially expressed identified spots. Relative 

spot intensity of identified spots; Type II keratin cytoskeletal 1, Haptoglobin 

precursor, Heat shock protein 90alpha (HSP90α), Serum albumin, GIMAP7 and 

Rabl3.  Bar displays mean ± SD and * represents statistical significance when 

p<0.05.  
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Table 4.1: Details of proteins identified through mass spectrometry. 

Spot 

no 

Name of 

protein 

Accession 

number 

Expression 

in OSCC 

serum 

Coverage 

% 
score pI 

Mol.wt. 

kDa 

1 

Keratin, type II 

cytoskeletal 1 

(K2C1) 

P04264 Increased 11.5 378 8.15 66.1 

2 

Haptoglobin 

precuressor 

(HPT) 

P00738 Increased 15 430 6.13 45.861 

3 

Putative heat 

shock protein 

HSP 90-alpha 

A5 (HS905) 

Q58FG0 Increased 2 47 6.15 38.9 

4 

Serum 

Albumin 

(ALB) 

P02768 Decreased 14.6 565 5.92 61.3 

5 

GTPase IMAP 

family member 

7 (GIMAP7) 

Q8NHV1 Decreased 25 30 6.1 31 

6 

Rab-like 

protein 3 

(RABL3) 

Q5HYI8 Increased 25 35 6.60 26 

 

4.2. Gene Expression Analysis 

Relative gene expression level of key genes was determined through qPCR using OSCC 

tissue samples along with adjacent healthy tissues. The Rn (reaction) value vs Cycle 

number was combined from the experiments to get the ΔCt (delta cycle threshold) values. 

GAPDH was used as an endogenous control.  

 

https://www.uniprot.org/uniprot/P00738
https://www.uniprot.org/uniprot/Q5HYI8
Home
Highlight
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4.2.1. qPCR Analysis of Identified Proteins in OSCC Tissue 

Real time quantification was done through RT-qPCR using total RNA extracted from 

OSCC tissues along with adjacent healthy tissues. Relative mRNA expression level of 

KRT1, HPT, HSP90α and GIMAP7 was found to be lower whereas higher expression was 

observed in case of Rabl3. The comparative values are shown in Figure 4.12.  

 

 

Figure 4.12: Comparative gene expression levels of identified proteins in OSCC 

tissue samples, obtained through RT-qPCR. Adjacent normal tissue was used as the 

calibrator. Relative gene expression was measured using the 2
-ddCt 

method. GAPDH 

was used as an endogenous control. Bars correspond to mean ± SD, moreover * 

indicate p<0.05 as a criteria for statistical significance.  
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4.2.2. Differential Expression of Key Regulatory Genes in OSCC 

 

In order to analyze differential gene expression of IGF1R, AKt1, MAPK1, SFN, Tp53, 

CDK2 and CDKN1A in OSCC with respect to adjacent normal tissue, RT-qPCR was 

performed. OSCC tissue show decreased expression of Tp53 and CDKN1A whereas 

expression of IGF1R, AKt1, MAPK1, SFN  and CDK2 genes were found to be up 

regulated as compared to adjacent normal tissues (Fig. 4.13). Results are given as mean ± 

S.D and were considered statistically significant when p < 0.05. 

 

Figure 4.13: Gene expression analysis in OSCC tissue sample using RT-qPCR. The 

2
-ddCt 

method was used to calculate relative gene expression; GAPDH was used as an 

internal control while adjacent normal tissue was selected as the calibrator.   
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4.2.3. Micro RNA analysis of miR98 & miR99a 

 

 RT-qPCR analysis was performed using  OSCC tissue samples which showed over-

expression of miR99a and no significant differential expression was observed in case of 

miR98 (Figure 4.14). Result is shown as mean ± S.D and were taken as statistically 

significant if  p < 0.05. 

 

 

Figure 4.14: miRNA expression analysis of miR98 and miR99a. Bar represents 

mean expression ± SD and * shows p<0.001 as a criteria of statistical significance. 
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4.3. Validation of Rabl3 Expression through ELISA 
 

Over-expression of Rabl3 has been validated through sandwich ELISA. Significantly (P 

< 0.0001) higher concentration of Rabl3 in OSCC serum (11.6 ± 1.5 ng/mL) was found in 

comparison to control (8.113 ± 1.0 ng/mL). Relative values are shown in Figure 4.15. 

 

 

Figure 4.15: Concentration of Rabl3 in OSCC serum (n=45) with respect to healthy 

controls (n=30) as quantified through ELISA. Individual bar present mean ± SD, 

while * indicate p<0.001 as a criteria of statistical significance.  
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4.4. In Silico Analysis 

4.4.1. Protein Interaction Analysis  

Protein-Protein Interaction analysis of identified proteins along with previously reported 

serum/plasma protein biomarkers was determined using STRING database. Among them, 

several found in close association indicating their key role in signal transduction 

pathways as shown in Figure 4.16.  

 

Figure 4.16: Protein-Protein Interaction analysis of identified proteins along with 

previously reported OSCC serum/plasma potential biomarkers. Majority of 

candidates were found in strong correlation with each other suggesting their 

interplay.  Nodes represent proteins while edges show protein-protein association. 

More edges show more interactions.  
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4.4.2. Gene Interactions Analysis Using STRING 

 

Interaction of the selected genes among each other and with different signaling cascades 

was determined by STRING database. IGF1R, AKt1, MAPK1, SFN, Tp53, CDK2 and 

CDKN1A genes showed interaction with each other. The result was downloaded in high 

res Bitmap image of the network (Fig. 4.17). 

 

Figure 4.17: Gene interaction network generated by STRING software. Interaction 

clearly shows strong connection among input genes SFN; Stratifin, IGF1R; Insulin-

like growth factor 1 receptor, CDK2; Cyclin-dependent kinase 2, CDKN1A; Cyclin-

dependent kinase inhibitor, TP53; Tumor protein 53. Different parameters were 

independently selected to display (A) Textmining, (B) Experiments (C) Databases 

(D) Multiple methods and (E) Interactions of TP53. 
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4.4.3. Ontological Classification  

 

Go enrichment PANTHER online classification tool divides query proteins in to four sub-

groups based on several parameters; depicted from Figures 4.18 to Figure 4.21. 

 

 
   

Figure 4.18: Pie Chart showing distribution of putative biomarkers on the basis of 

their molecular function.  
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Figure 4.19: Classification on the basis of biological process 

 

 

Figure 4.20: Distribution based on cellular component 
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Figure 4.21:  Classification based on Protein Class/ Type. Legends on the right side 

represent each category with appropriate color code.   
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Oral squamous cell carcinoma (OSCC) accounts for greatest proportion of the 

malignancy of head and neck region and ranks at 6
th

 among other cancer types 

throughout the world (152). It stands out as the major cause of morbidity and mortality 

among Pakistani males (5) and can be linked with excessive use of smokeless tobacco 

products (11). Despite the improvements in treatment modalities, appreciable decreased 

in mortality index has not been achieved and 5-year survival rate with OSCC remains low 

(153). Therefore, early diagnosis of precancerous lesions of oral mucosa is of utmost 

importance. It has been suggested that life span can be increased by preventing 

transformation of these lesions in to fully developed form of OSCC (154). Biomarker 

discovery could be helpful in screening people at high risk for developing OSCC. 

Moreover, precise drug targets could also be suggested to increase overall survival (155). 

5.1. Serum Proteomics and Biomarker Discovery 

Proteomics is the analysis of proteins at large-scale.  Protein molecule is the ultimate 

final product of gene which, after post translational modifications, reflects actual insight 

into the mechanism of carcinogenesis (156). Proteomic techniques have been utilized in 

research involving cellular pathways, mechanisms of pathogenicity and identification of 

candidate biomarker specific to various diseases (157). Serum proteomics is an ideal 

approach to identify putative biomarker from different cancer types. Several biomarkers 

from OSCC serum have been identified and their levels have also been quantified which 

are likely to help in diagnosis/ prognosis of OSCC. Partial list of existing OSCC 

serum/plasma biomarker candidates is given in Table 1.4 (Section 1). 



81 

 

5.2. Differential Protein Expression and Identification  

Proteomic analysis of serum samples (OSCC and healthy control) was performed using 

2-D gel electrophoresis and mass spectrometry. The comparative analysis showed 

differential protein expression; around 16 differentially expressed spots were common 

among each gel pair. Six significantly differential protein spots were chosen for further 

analysis and mass spectrometric data was searched against UniProtKB/Swiss-Prot 

database (158) using Mascot software (Matrix Science). Proteins identified in the current 

study include the following:  

1. Type 2 keratin cytoskeletal 1,  

2. Haptoglobin precursor,  

3. HSP90 alpha  

4. Serum Albumin, 

5.  GIMAP7 

6.  Rabl3. 

Among these, Type 2 keratin cytoskeletal 1, Serum Albumin and GIMAP7 were found to 

be down-regulated whereas Haptoglobin, HSP90 alpha and Rabl3 were up-regulated in 

OSCC serum. These proteins have been discussed in following section with reference to 

earlier findings from other cancer types and OSCC. Interestingly GIMAP7, HSP90 alpha, 

Rabl3 are new findings of this study which have not been reported earlier in case of oral 

malignancy. 
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5.2.1. Type 2 Keratin Cytoskeletal 1 

Type 2 keratin cytoskeletal 1 belongs to a largest keratin (KRT) gene family of 

intermediate filaments containing 54 functional members restricted to epithelial linings. 

KRT has two main divisions i.e., type I and type II (159). Type 2 Keratin 1 cytoskeletal 1 

(KRT1) is a non-hair keratin associated with the mechanism of carcinogenesis (160).  

During tumor growth and metastasis, its expression level has been altered (161) which 

greatly affects the metastatic potential of many tumors (162) and is responsible for 

increased invasiveness in squamous cell carcinoma (163). This changed expression 

appears due to modification in various intracellular pathways and cell behavior towards 

extracellular keratin regulators (164).  

Keratins possess strong potential to be used as diagnostic biomarker in different cancer 

types (162). During disease conditions, keratins or their fragments are frequently released 

into blood stream (165). Their quantification could serve as tumor markers for different 

cancer. Keratin18 has been used as prognostic marker in non-small cell lung cancer 

(166).  In OSCC, higher serum level of KRT19 fragment was observed (167). Although 

KRT1 was traditionally recognized as restricted to epithelial tissues only, it has also been 

discovered in OSCC serum and found to be down-regulated (168). We also found down-

regulation of keratin 1 from OSCC serum samples and consequent down-expression in 

OSCC tumor. It has been suggested that Interleukin 22 (IL-22) decreases KRT1 gene 

expression through STAT3 during oral malignancy. Silencing of STAT3 expression 

results in increased KRT1 expression confirming involvement of STAT3 (169). The 

decreased KRT1 expression in this study suggests its tumor suppressive role.  
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5.2.2. Haptoglobin Precursor 

Haptoglobin (HP) is a glycoprotein released in response to infections and has been 

associated with the pathogenesis of several diseases (170). High expression level of 

haptoglobin was observed in tissue and serum samples from gall bladder cancer (171). 

Over expression of haptoglobin precursor has also been reported from OSCC tissue 

(172). Elevated serum/plasma HP level was observed in non-small cell lung cancer (173) 

breast cancer (174) ovarian cancer (175) and oral squamous cell carcinoma (112, 176). 

Findings of current study report its up-regulation in OSCC serum while decreased mRNA 

expression in OSCC tissues was observed as reported in HCC tissue (177). It has 

important role in epithelial-mesenchymal transition (EMT) in the presence or absence of 

IL-6 (178) and helps in tumor metastasis by altering cell morphology (179). 

5.2.3. HSP90 alpha 

Heat-shock proteins (HSPs) are collection of proteins classified on the basis of their 

molecular mass and get activated in response to heat shock (180). They form a group of 

highly conserved proteins characterized as molecular chaperones which assist proper 

folding and intracellular transportation of proteins (181). They are most abundant in 

eukaryotic cell and share 1-2% of cellular protein in non-diseased state which elevate 

during stress and disease conditions (182).  

HSPs are also present in blood stream of healthy individuals (183) and their circulating 

levels get boosted under pathological state (184). Circulating HSP90 alpha is associated 

with pro-invasiveness function and its inhibition results in significant reduction of tumor 

metastasis. Furthermore, its plasma level is found to be directly correlated with tumor 
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malignancy (185) and is elevated in different cancer types including lung cancer (186). 

We found up-regulation of HSP90 alpha from OSCC serum. Ours is the first report 

indicating involvement of HSP90 with oral cancer. Surprisingly, mRNA expression from 

OSCC tissue showed down-expression which is contradictory with the previous findings 

from OSCC tissue (187) thus warrants further investigations. 

HSP90 alpha has been strongly linked with important cell signaling pathways. It is 

involved in maintaining Akt kinase activity in association with 3-phosphoinositide-

dependent protein kinase-1 (PDK1), hence it is involved in PDK1-Akt survival signaling 

pathway (188). It also helps to sustain EGFR stability through HSP90 phosphorylation 

(189). HSP90 inhibitor, besides suppressing HSP90, indicated significant decrease in 

EGFR expression and its downstream effectors. Moreover, decrease in expression of 

IGF1R has also been observed in response to HSP90 inhibition, which indicate their 

direct association in the mechanism of carcinogenesis (190). Hsp90 occupy central 

position in the regulatory pathways which alters during carcinogenesis. Its inhibitory 

effect on major events of carcinogenesis results in decreased growth and survival  (191). 

Up-regulation of HSP90 alpha in OSCC serum and over expression of IGF1R, Akt1 in 

OSCC tissues suggest their interactive role during oral malignancy. 

5.2.4. Serum Albumin 

Albumin an important highly abundant serum protein sharing around 50%-65% of total 

serum proteins (192). It is mainly synthesized and secreted by liver cells (193). Serum 

levels of albumin shows down-regulation in different malignancies including oral 

malignancy (194) which may be caused due to oxidation of serum albumin (195) or 
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malnutrition with consequent  decrease in mRNA synthesis or stability (196). Being a 

major source of energy and nitrogen, it has been taken up by actively growing tumor cells 

(197) to fulfill their energy needs under starvation conditions (198). Interestingly, 

albumin supplementation to glutamine deficient oncogenic Ras-expressing cells restores 

their halted proliferation which confirms its use as a nutrient source (199). This is 

achieved by means of a phenomenon “Enhanced Permeability and Retention (EPR) 

effect” which results in increase uptake of high molecular weight molecules including 

albumin (200). During malignancy, tumor drainage system gets less efficient resulting in 

an accumulation of these substances (201).  

Serum albumin level has been considered as a prognostic factor for cancer (202, 203) and 

is directly linked with survival rate i.e., more serum albumin level predicts increased 

survival with different cancers such as ovarian cancer (204) and upper aero-digestive 

SCCA (205). We found down-regulation of  albumin in serum from oral cancer patients, 

which is probably due to higher nutritional demand of malignant tissue. Increased 

albumin in tumor activates the phosphatidylinositol 3-kinase (PI3K)/AKT pathway 

causing decreased apoptosis, increased cell growth and proliferation (206). Hence 

findings of current study reports deregulation of albumin in OSCC serum and probable 

accumulation in cancerous tissue which might have activated the AKT pathway. 

Moreover, increased expression of Akt1 in OSCC tissues discussed in later part of the 

study strongly supports above hypothesis.  
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5.2.5. GIMAP 7 

Outcome of this study reports the identification of down-regulated protein from samples 

of OSCC serum as GIMAP7 and its concurrent down expression at mRNA level in 

OSCC tissue. The GIMAP (GTPase of immunity-associated proteins) was discovered as 

a unique GTPase family which is conserved in vertebrates (207). GIMAP family 

members have been involved in mediating pro-survival or pro-death signals in immune 

cells (208-210). They have  been closely linked with cell survival for lymphoid cells 

(211). Down-regulation of GIMAP6 and GIMAP8 suggested their involvement in 

pathogenesis of non-small cell lung cancer (NSCLC) (212). Moreover, down-regulation 

of  GIMAP5 and GIMAP6 have been observed in HCC both in tissue and serum samples 

(213). With reference to OSCC, our finding is unique as this is the first study reporting 

down-expression of GIMAP7 in OSCC serum with concurrent decrease in malignant 

tissues. Hence we suggest this decrease in expression can be linked with the pathogenesis 

of OSCC.  

5.2.6. Rabl3 

Rab GTPases belong to Ras super family comprising of over 60 participants which have 

been associated with intracellular transport and are integral part of sub-cellular machinery 

(214). They serve as a mediator of cross-talk between signaling pathways. They are 

found dysregulated in different malignancies and are involved in invasion, proliferation 

and metastasis. (215). In oral cancer, Rab1a shows over-expression (216). We report 

over-expression of Rabl3 in OSCC serum along with up-regulated mRNA expression in 

oral cancer tissue. RABL3 is a member of Rab subfamily of small GTPases (217). Its 
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elevated level has been observed in other cancer types including Lung cancer (218) and 

Hepatocellular carcinoma (219). It’s role in tumorigenesis has been well established 

(220). Gene silencing of Rabl3 in breast cancer cell lines showed decreased cell 

proliferation and cell motility (221) hence suggesting its role as an oncogene. Up-

regulation of Rabl3 observed in current study also supports its oncogneic role. 

5.3. Validation of Identified Protein through ELISA 

Over-expression of Rabl3 has been validated through sandwich ELISA using serum 

samples. ELISA results showed significant over-expression in OSCC serum in 

comparison to control samples confirming our earlier notion that this protein might act as 

an oncogene in oral cancer and thus could be a probable candidate biomarker. 

5.4. Differential Expression of key Regulatory Genes in OSCC 

Cancer cells progress either by evading apoptosis due to decreased expression of tumor 

suppressor genes such as Tp53 and CDKN1A (p21) (222). The other mechanism includes 

the activation of oncogenes or proto-oncogenes such as CDK2 (223), SFN (66), IGF1R 

(67), Akt1 (224) and MAPK1 (69) which promote cell proliferation. These genes directly 

or indirectly affects several downstream pathways involved in carcinogenesis such as 

AKT and MAPK cascades downstream to IGF1R which are mostly effected during oral 

cancer (225).  

The focus of current study was to identify aberrations in signal transduction pathways 

caused due to DNA mutation/damage in response to substances released from tobacco 

products during chewing in habitual consumers. We found decreased expression of tumor 
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suppressor genes Tp53and CDKN1A (p21) and significant over expression of oncogenic 

or proto-oncogenic genes using quantitative real time PCR (RT-qPCR).  The overall 

impact on gene expression and interplay between cell proliferation and apoptosis in 

response to DNA damage is shown in Figure 5.1. 

5.4.1. Down Expression of Tumor Suppressor Genes  

5.4.1.1. Tp53  

Tp53, a tumor suppressor gene is strongly associated with risk factors and mechanism of 

carcinogenesis (226) and is called a “Guardian of genome” (227). Several important 

regulatory functions have been identified among these; first being its ability to inhibit 

growth of abnormal cells (228) and tendency to induce apoptosis (229). Additional 

important functions include DNA repair (230) and inhibition of angiogenesis (231). Tp53 

shows aberrations in almost 50% of different cancer types therefore holds a dominating 

position among other tumor suppressor genes (232). Among several signal transduction 

pathway regulators, Tp53 is considered as a major regulator during carcinogenesis (226). 

In OSCC, inhibition of the normal apoptotic cycle is mainly caused due to down-

regulation of Tp53 pathway in more than 70% of OSCC cases (233). Our results also 

indicated the down expression of Tp53.  

5.4.1.2. CDKN1A / p21 

p21 is another tumor suppressor gene product of cyclin-dependent kinase inhibitor 1A 

(CDKN1A) gene having function to regulate cell cycle through inhibition of cyclin 

dependent kinases. Its inhibitory function causes cell cycle arrest at G1 to S phase 
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transition (234). As it maintains high level of cyclin D1 and has central role in cell-cycle 

inhibition, cells having low levels of p21 continue to proliferate (235). p21 dependent 

inhibition is achieved through blockage of DNA replication via interaction with PCNA 

(proliferating cell nuclear antigen) (236). We found its decreased expression in OSCC 

subjects which is in agreement with earlier report (237). 

5.4.2. Over-Expression of Oncogenes 

5.4.2.1. CDK2 

Oncogenes activation is another major event during carcinogenesis. Cyclin dependent 

kinase 2 CDK2 is a catalytic subunit of serine/threonine protein kinase (238) which plays 

several important regulatory roles including the control of transition from G1 to S phase 

(239), regulations of other cell cycle events such as DNA replication and exit from S 

phase after DNA synthesis (240). Its over-expression helps cells to proliferate (65). In 

current study, we found up-regulated expression in cancerous samples. This over-

expression of CDK2 in conjunction with down-expression of CDKN1A suggests their 

reciprocal correlation.  

5.4.2.2. Stratifin (SFN, 14-3-3)  

SFN family has remained extremely conserved in eukaryotes. The family members 

include  β;beta, ε; epsilon, ε; eta, γ; gamma, T; tau, δ; zeta, and σ; sigma subunits (241, 

242) that are associated with regulation of cell cycle, cell differentiation and protein 

trafficking (243). SFN-sigma is exclusively found in epithelial cells and is directly 

involved in carcinogenesis (244). Its increased expression induces tumor growth (245). It 
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also participates as a key player in Tp53 signaling pathway during progression of cancer 

(66). Low expression of Tp53 fails to regulate SFN, consequently increasing SFN 

expression that promotes escape from apoptosis. In current study, down expression of 

p53 with concurrent over expression of SFN endorses the earlier studies which reported 

elevated expression of SFN in OSCC tissue, cell lines, and serum (246).  

5.4.2.3. IGF1R 

IGF1R (Insulin-like growth factor-1 receptor) belongs to a family of tyrosine kinase 

receptors and has been involved in the pathogenesis of several cancers (247). 

Considerable evidence has accumulated documenting the central role of the IGF1R 

signaling axis in oncogenesis (248). Since it is involved in key steps of the metastatic 

cascade, it is considered as prerequisite for tumor progression (67). Its over-expression 

has been reported from several solid tumors such as breast (249), non-small cell lung 

cancer (250) and Oral squamous cell carcinoma (251). We also found increased 

expression of IGF1R which is consistent with previous findings. 

5.4.2.4. Akt1  

Akt1 is a serine/threonine kinase which is a downstream effector of PI3K 

(phosphatidylinositol 3-kinase). It is a key oncogene in OSCC (252) which activates 

frequently during carcinogenesis (253) and perform its action by increasing cell survival, 

promoting cell growth and inducing proliferation (254). Overall Akt kinase activity is 

increased in OSCC (255). Transformed cells induce Akt activation both in vitro and in 

vivo (256). Increased expression of Akt1 in the current study from OSCC subjects also 

suggests the same mode of activation. 
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5.4.2.5. MAPK1  

Mitogen activated serine/threonine kinases (MAPKs) is a group of extracellular signal-

regulated protein kinases (ERKs). It constitutes MAPK signal transduction pathway 

which is one of the most primitive and widely used pathway (257). MAPK pathway 

regulates key events in oral carcinogenesis i.e., invasion, metastasis (258) and increased 

proliferation through uncontrolled cyclin D1 expression (259). Therefore, over-

expression of the MAPK1 gene in normal healthy individuals increases their 

susceptibility towards oral cancers (260). We found over-expression of MAPK1 gene in 

the current study carried out on OSCC tumor samples.  
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Figure 5.1: Flow diagram indicating carcinogens induced tumor formation in 

OSCC. SFN (Stratifin), IGF1R (Insulin-like growth factor 1 receptor), CDK2 (Cyclin-

dependent kinase 2), CDKN1A (Cyclin-dependent kinase inhibitor), TP53 (Tumor 

protein 53), Akt1 (AKT serine/threonin kinase 1), MAPK1(Mitogen-activated protein 

kinase 1), upward bold arrows  and  downward bold arrows show up and down 

regulation respectively. 
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5.5. Micro RNA Expression Analysis 

It has been reported in earlier studies that miR98 and miR99a are negative regulators of 

IGF1R in OSCC (79, 80). However, we observed an increased expression which is 

contradictory to what was expected. There are very few studies till date on miRNA and 

their role in pathogenesis of cancer, hence further investigations are required to establish 

their role in regulating carcinogenesis.   

5.6. In silico Analysis 

Output from both serum proteomics and from gene expression analysis was used for in 

silico analysis to fetch maximum useful details about their interactions and associated 

functions. This part of study was divided into two separate sections dealing with protein- 

protein interactions and gene interaction analysis of differentially expressed key 

regulatory genes. 

5.6.1. Protein Interaction Analysis through STRING 

Protein interaction analysis of identified proteins (Table 4.1; Section: 4) from current 

study along with previously reported serum/plasma candidate protein biomarkers (Table 

3.16; Section 3) showed strong correlation with each other. Majority of candidates were 

found to be in multiple associations with each other; however few proteins identified in 

the current study didn’t show direct association with previously reported biomarkers 

(Figure 4.16). There is a possibility that proteins not showing any interaction may have 

different or unique mode of interaction.  
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5.6.2. Gene Interaction Analysis Using STRING 

String analysis showed strong association of key regulatory genes with each other; 

suggesting their interactive role in cell regulatory pathways (Figure 4.17). 

5.6.3. Ontological Classification  

Classification of identified proteins along with previously reported serum protein 

biomarkers was achieved on the basis of molecular functions, cell component, biological 

procedure and protein class. Three dimensional (3-D) pie charts for each ontological 

group is shown from Figures 4.18 to 4.21.  

Distribution of candidate proteins based on “Molecular functions” is shown in Figure 

4.18. PANTHER classified candidates in to 5 sub-groups; major sector contains proteins 

having catalytic activity followed by another larger proportion possessing binding 

domains. Third sector consist of molecular function regulators while fourth part contains 

protein group having molecular transducer activity and last smallest fraction contains 

proteins having structural molecule activity. 

Second ontological classification was based on “cellular component” and categorized in 

five parts. 50% of total proteins belong to extracellular regions, 34% referred to 

generalized proteins of cell. Membrane proteins and proteins of organelles shared equal 

proportion and least fraction was shared by protein containing complexes. Their relative 

proportion is presented as 3-D pie chart shown in Figure 4.19. 

Classification based on “Biological process” divides them in to nine categories; greatest 

proportion was occupied by proteins involved in cellular process while second largest 
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fraction represent sub group of proteins involved in localization. Figure 4.20 represents 

percentage distribution for each category.  

“Protein class” was selected as another criterion of classification which divides query 

proteins in to 11 sub classes as shown in Figure 4.21. Signaling molecules acquired 

greatest proportion while hydrolases and carrier proteins contributed second and third 

largest share.  
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6. CONCLUSION 
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Current study deals with proteomics profiling of serum from OSCC patients exposed to 

different risk factors including smokeless tobacco. The ultimate objective of the study 

was to discover non-invasive or minimally invasive biomarker from OSCC serum 

through comparative serum profiling. To compliment proteomics studies, we quantified 

mRNA expression levels of identified proteins in OSCC tissue and adjacent healthy 

tissues. Six differentially expressed proteins were successfully identified from OSCC 

serum. Among the identified proteins, HSP90α, GIMAP7 and Rabl3 are new findings of 

this study. One of these newly identified proteins included Rabl3 which was found to be 

up-regulated in OSCC serum. Owing to the reported role of Rabl3 in other malignancies, 

we quantified its gene expression pattern in malignant tissue along with quantification of 

protein levels in serum through ELISA, both of which complimented proteomics data. 

We therefore suggest Rabl3 as a strong candidate non-invasive bio-marker.  

In addition, key regulatory genes associated with main signal transduction pathway in 

oral cancer were investigated to get an integrated knowledge of their expression pattern 

in malignancy.   

Brief conclusion of current study include: 

 Several proteins show differential expression in OSCC serum.  

 We identified six differentially expressed proteins including Keratin type II, 

Haptoglobin precursor, HSP90 α, Serum Albumin, GIMAP7 and Rabl3 in current 

study. 

 HSP90 α, GIMAP7 and Rabl3 are unique findings of the study. 
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  Differential expression of several tumor suppressor genes and oncogenes during 

oral malignancy might serve as carcinogenic indicators.  

Actual potential of proteins identified in this study to serve as diagnostic biomarker and 

therapeutic targets warrants further investigation from different region of world with 

different associated risk factors. The major advantage of these candidate biomarkers is 

their non-invasive sample source which may allow in-depth monitoring of therapeutic 

response and repetitive sampling can be done to predict prognosis. Our study provides 

additional data to improve existing “knowledge base” of reported biomarkers.  
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 Abstract: Background: Oral squamous cell carcinoma (OSCC) is a major sub-type of oral cancer that 
shares 90% proportion of oral cavity cancers. It is declared as the sixth most frequent cancer among all 
cancer types throughout the world. Higher morbidity in Asian countries is reported due to frequent use 
of smokeless tobacco (SLT) products besides exposure to other risk factors. Hyper-activation of epi-
dermal growth factor receptors is a molecular event in many solid tumors including oral cancer making 
them potential therapeutic targets.  

Objective: Current study was designed to explore the effect of varlitinib, a pan-HER inhibitor, on oral 
cancer cell line. We investigated key regulatory genes in downstream pathway in response to drug 
treatment. Furthermore, we also examined expression profile of these genes in malignant and healthy 
oral tissue.  

Method: Gene expression pattern in drug treated and untreated cancer cell line along with OSCC tu-
mor samples (n=45) and adjacent normal tissues was studied using real time PCR.  

Results: In response to varlitinib treatment, significant suppression of oncogenes (IGF1R, MAPK1, 
SFN and CDK2) was observed. Interestingly, mRNA expression level of CDKN1A and Akt1 was found 
to be the opposite of what was expected. In case of malignant tissue, over expression of oncogenes 
(IGF1R, Akt1, MAPK1, SFN and CDK2) with simultaneous down expression of tumor suppressor 
genes (Tp53 and CDKN1A) was noted.  STRING analysis indicated a strong association among differ-
entially expressed genes suggesting their combined role in carcinogenesis.  

Conclusion: In summary, our results indicate that varlitinib can be considered as a potential therapeu-
tic agent in oral cancer due to its antitumor potential.  
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1. INTRODUCTION 

 Oral squamous cell carcinoma (OSCC) shares 90% pro-
portion of oral cavity cancers [1] ranking as the sixth most 
frequent cancer around the globe [2]. In Asian countries, 
such as India, Bangladesh and Pakistan, high morbidity rate 
has been observed [3]. Several risk factors such as tobacco 
and alcohol consumption, smokeless tobacco (SLT), dietary 
factors, occupational activity, socioeconomic status, expo-
sure to external agents and genetic susceptibility has been 
significantly associated with OSCC in developing countries 
including Pakistan [4]. The incidence rate of OSCC in Paki-
stan is alarmingly high, especially among the young age 
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omics, University of Karachi, Karachi, Pakistan; Tel: (+92-21) 34656511; 
E-mail: szarina@uok.edu.pk 
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group. Higher incidence has been associated with the use of 
Smokeless Tobacco (SLT) products including manpuri, gut-
ka, beetle nut etc. [5]. The consumption of SLTs is likely to 
affect oral mucosa leading to oral leukoplakia. Consumption 
of SLTs is more hazardous than cigarette smoking since the 
former may cause more damage to DNA than the latter [6]. 
Since the diagnosis of oral cancer takes place at an incurable 
stage, it is difficult to treat OSCC leading to high mortality 
and morbidity [7]. Treatment options depend on cancer stage 
and include surgery, radiotherapy, chemotherapy and their 
combination/s [8-10]. In advanced stage cancer and metasta-
sis, palliative chemotherapy is recommended to increase life 
expectancy and quality. However, conventional chemothera-
peutic agents fail to provide Progression Free Survival (PFS) 
as well as Disease free Survival (DFS) [11] and overall 
survival rate remains less than five years, indicating that 
there is a paucity of adequate treatment strategies [12, 13].  
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 Over-expression of receptors, growth factors, activation 
of anti-apoptotic and inactivation of pro-apoptotic genes has 
been a hallmark of cancer progression [14]. Epidermal 
Growth Factor Receptor (EGFR), also known as HER1, is a 
member of tyrosine kinase HER family along with three oth-
er members namely HER2, HER3 and HER4. HER activa-
tion results in up-regulation of mitogen activated protein 
kinase (MAPK) and phosphoinositide-3-kinase (PI3K)/AKT 
pathways which in turn, regulate cell proliferation, metasta-
sis and apoptosis [15]. Since the up-regulated expression of 
EGFR has been reported in over 90% of the head and neck 
squamous cell carcinoma (HNSCC) [16-18] with poor prog-
nosis and decreased survival [13, 19], it has been a prime 
candidate for the development of targeted cancer therapy 
[13, 20]. HER inhibitors are considered as putative therapeu-
tic molecules in different solid tumors [21]. Emerging tar-
geted therapies include anti-EGFR monoclonal antibodies 
and EGFR tyrosine kinase inhibitors [14, 22]. Till date, Ce-
tuximab (a monoclonal antibody) is the only FDA approved 
drug used for the treatment of OSCC; although it is expen-
sive and has limitations due to drug resistance [23]. A com-
paratively less studied drug is Varlitinib which is a highly 
potent reversible inhibitor of tyrosine kinase receptor. The 
focus of the current study was to analyze the effect of varlit-
inib on downstream signal transduction pathway/s in oral 
cancer cell line. Furthermore, we also analyzed the differen-
tial expression of onco and tumor suppressor genes in OSCC 
and adjacent normal tissues from oral cancer patients.  

2. MATERIALS AND METHODS 

2.1. Sample Collection 

 The study was conducted after approval from the Institu-
tional Ethical Committee (IEC). Informed consent was ob-
tained from all participants before sample collection and all 
procedures adapted were as per Helsinki guidelines [24]. 
Tumor diagnosis and grading were done through physical 
examination by expert professional/s and patients were se-
lected after histopathological confirmation of OSCC. De-
tailed history was taken from the selected individuals regard-
ing risk factors exposure and duration of exposure, age, gen-
der, socio-economic status and occupation. Samples from 
habitual users of smokeless tobacco were used in this study. 
OSCC tumor samples (n=45) along with adjacent healthy 
tissue were collected during surgery. Tissue samples were 
snap-frozen in liquid nitrogen immediately after collection 
and kept at -80oC until further use.  

2.2. Cell Culture and Drug Treatment 
 SCC-25 OSCC cells (ATCC® CRL-1628) were pur-
chased from American Type Culture Collection (Manassas, 
VA 20108 USA) and were grown in Dulbecco’s Modified 
Eagle’s Medium and Ham’s F-12 Medium (1:1) containing 
10% fetal bovine serum, 2 mmol/L glutamine, 400 ng/ml 
hydrocortisone, 100 U/mL penicillin and 100 µg/mL strep-
tomycin. Growth of cells was monitored in a humid atmos-
phere (5% CO2 at 37°C). Later, the cells were subcultured in 
1:4 ratio using 0.05% trypsin-EDTA. The cells were allowed 
to grow for the next 24 h followed by incubation with differ-
ent concentrations of varlitinib (1, 5, 10, 20, 30, 40, 50, 60 
and 70µM) for 24, 48, and 72 h. Untreated SCC-25 OSCC 

cells incubated for similar time duration without drug were 
used as control. 

2.3. Cytotoxicity Assay 

 The MTS assay (Cell Proliferation Assay Kit, Abcam) 
was used to determine cytotoxicity of varlitinib, as per man-
ufacturer’s instructions. MTS reagent (20 µL) was added in 
each well of 96-well microtiter plate (Corning, NY) followed 
by 2 h incubation at 37°C. The absorbance of each well was 
then measured with a microplate reader (Beckman Coulter, 
California, USA) at 490 nm. The percentage cytotoxicity 
was calculated as a growth percentage of cells relative to 
untreated controls. All assays were performed in triplicate. 

2.4. RNA Extraction 

 Total RNA was extracted from varlitinib treated and un-
treated SCC-25 cells (control) and oral (malignant and nor-
mal) tissue using TRI Reagent® (Invitrogen, Life Technolo-
gies, USA) according to manufacturer’s protocol. The purity 
of the extracted RNA was measured by 260/280 ratio.  

2.5. cDNA Synthesis 

 500 ng RNA was reverse transcribed using RevertAid 
First- Strand cDNA synthesis kit (ThermoFisher Scientific, 
Massachusetts, USA) according to manufacturer`s instruc-
tions.  

2.6. Reverse Transcriptase-Quantitative Polymerase 
Chain Reaction (RT-qPCR)  

 qPCR was performed with quantitative real time 7300 
PCR system (Applied Biosystems Corp., California, USA). 
PCR reaction mixture (cDNA, primer pairs, nuclease free 
H2O, SYBR green master mix) was prepared. Conditions 
used for qPCR were as follows: 50°C for 5 min (one cycle), 
95°C for 10 min (one cycle) and 40 cycles of 95°C for 14 s 
(denaturation), 58°C for 1 min (annealing) and 72°C for 45 s 
(extension). For normalization of data, human glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was used. Rela-
tive expression of the Human IGF1R, Akt1, MAPK1, SFN, 
Tp53, CDK2 and CDKN1A (Table 1) was quantified with 
relevance to the expression in adjacent healthy tissue using 
the ddCt relative quantification method. Dissociation curve 
analysis of PCR products was also performed. 

2.7. Gene Interaction Analysis 

 Gene interactions analysis was performed using STRING 
(Search Tool for the Retrieval of Interacting Genes/Proteins) 
database [25]. This repository includes the physical and 
functional associations of the genes/proteins. The examined 
genes in the current study were seeded in STRING database 
and interaction network of query genes was retrieved using 
default settings. 

2.8. Statistical Analysis 

 Data was analyzed using the statistical software SPSS 
20.0 for Windows (SPSS Inc., USA). One-way ANOVA and 
paired t-test were employed wherever appropriate. P-value 
less than 0.05 was considered statistically significant. 
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Table 1. Primer sequences used in the study. 

S. No. Gene Primer Sequence from 5`-3` 

1 Insulin-like growth factor 1 receptor (IGF1R) 
F = CGCAACGACTATCAGCAGCT 

R = AGATGAGCAGGATGTGGAGGT 

2 AKT serine/threonine kinase 1(Akt1) 
F = GCAGCACGTGTACGAGAAGA 

R = GGTGTCAGTCTCCGACGTT 

3 Mitogen-activated protein kinase (MAPK1) 
F = GCGCTACACCAACGTGTCGT 

R = CACGGTGCAGAACGTTAGCTG 

4 Stratifin (SFN) 
F = TTGAGCAGAAAAGCAACGAG 

R = GCTCAGTCTCCACCTTCTCC 

5 Tumor protein 53 (Tp53) 
F = TCTCGGAACATCTCGAAGCG 

R = TCCAACAACACCAGCTCCTC 

6 Cyclin-dependent kinase 2 (CDK2) 
F = GAGTCTTCAGTCTCCCAGCC 

R = GGGGCTAAGTTGGTGCTTTTG 

7 Cyclin-dependent kinase inhibitor 1A (CDKN1A, Cip1)(p21) 
F = CATGGGTTCTGACGGACATC 

R = AGGTCAGTTCCTTGTGGAGC 

8 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
F = TGACAAAGTGGTCGTTGAGG 

R =  ACCTGCCGTCTAGAAAAACC 

 

 
 

Fig. (1). The effect of Varlitinib (1-70 !M) on SCC-25 OSCC cells after 24hrs, 48hrs, and 72hrs incubation. Cell death was determined by 
cytotoxicity assay. Each bar represents mean ± S.D each concentration. Data sets were analyzed for statistically significant differences by one 
way ANOVA. * represents statistically significant difference (p < 0.05) between treated and untreated cells. 
 
3. RESULTS 

3.1. Effect of Varlitinib on SCC-25 Cell Line 

 SCC-25 OSCC cells were treated with varlitinib for 24, 
48 and 72 hours to analyze the cytotoxic potential of drug at 
different concentrations via MTS Cell Proliferation Assay. 
Varlitinib treatment showed a linear pattern of cytotoxicity 

up to 70 µM concentrations for 24, 48 and 72 hours (P < 
0.05) (Fig. 1). 50% cell death was achieved at 50µM con-
centration. 

3.2. Cytotoxicity Analysis 
 Compusyn software was used to evaluate the cytotoxicity 
of varlitinib in terms of effective dosage and median effect 
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dose suggesting 50% toxic concentration of Varlitinib ex-
posed to fraction affected (Fa) of the cells (Fig. 2). 

 

 
 
Fig. (2). Dose-effect curve for varlitinib between drug concentration 
(µM) and Fa (Fractional effect). Open circle, open square and open 
triangle represent 1-70 µM varlitinib at 24, 48, and 72 h, respectively. 
 

3.3. Gene Expression Analysis 

 In order to analyze genes involved in EGFR mediated 
downstream signaling pathway, differential gene expression 
profiles of IGF1R, Akt1, MAPK1, SFN, Tp53, CDK2 and 
CDKN1A in varlitinib treated and untreated control cells was 
performed using  RT-qPCR. Gene expression values were 
normalized by using GAPDH that was used as an internal 
standard. Varlitinib treated cells showed down-regulation of 

IGF1R, MAPK1, SFN, CDK2 and CDKN1A, whereas Akt1 
was found to be over-expressed (Fig. 3). 

 Relative quantification of gene expression in OSCC tis-
sue showed decreased expression of the Tp53 and CDKN1A 
whereas expression of IGF1R, Akt1, MAPK1, SFN and 
CDK2 genes were found to be up regulated as compared to 
adjacent normal tissues (Fig. 4). Results are represented as 
mean ± S.D, while ! < 0.05 was used which was found to be 
statistically significant. 

3.4. Gene Interactions 

 Interaction of the selected genes among each other and 
with different signaling cascades was determined by STRING 
database. IGF1R, Akt1, MAPK1, SFN, Tp53, CDK2 and 
CDKN1A genes showed interaction with each other (Fig. 5). 

4. DISCUSSION 

 Quinazolines and their derivatives have shown promising 
therapeutic effects against various diseases [26, 27]. 
Quinazolines are fused six-membered heterocyclic naturally 
occurring alkaloids [28]. An important member of quinazo-
line family is Varlitinib; HER/EGFR inhibitor. Varlitinib 
acts intracellularly by competing with ATP binding in the 
catalytic region of the kinase domain, thereby retracting en-
zymatic activity of the kinase and inhibiting auto phopshory-
lation and its subsequent downstream signaling [29]. EGFR 
mediated signaling might play crucial role in the develop-
ment of OSCC since it is found to be over expressed in 
around 80-100% of OSCC cases [16, 17]. Owing to over 
expression of HER/EGFR family in various solid tumors, 
there is an ongoing interest in the potential use of HER/ EGFR 
targeted inhibitors as therapeutic agents. Varlitinib is compara-
tively less studied reversible tyrosine kinase inhibitor (TKI) 

 
 
Fig. (3). Gene expression analysis in 50 µM varlitinib for 24 hours SCC-25 OSCC treated cells using RT-qPCR. Relative gene expression 
was calculated using the 2-ddCt method, with GAPDH expression as reference gene and the untreated control cells as the calibrator. * repre-
sents statistically significant difference (p < 0.05) between treated and untreated cells. 
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Fig. (4). Gene expression analysis in OSCC tissue sample using RT-qPCR. Relative gene expression was calculated using the 2-ddCt method, 
with GAPDH mRNA expression as reference gene and the adjacent normal tissue as the calibrator. * represents statistically significant differ-
ence (p < 0.05) between malignant and healthy tissue. 
 

 
 
Fig. (5). Gene interaction network using STRING software (http://string-db.org) evaluates connection among target genes SFN; Stratifin, 
IGF1R; Insulin-like growth factor 1 receptor, CDK2; Cyclin-dependent kinase 2, CDKN1A; Cyclin-dependent kinase inhibitor, TP53; Tumor 
protein 53, according to (A) Text mining, (B) Experiments, (C) Databases (D) Multiple methods. 



6    Current Proteomics, 2020, Vol. 17, No. 0 Usman et al. 

 
that is considered to be safer due to less side effects and tox-
icity [30]. A phase II clinical trial among metastatic breast 
cancer patients indicated Varlitinib to be effective in 
trastuzumab resistant patients [31]. A recent study reported 
down-regulation of HER/ERK signaling cascade and induc-
tion of cell death in Triple Negative Breast Cancer Cells 
[30]. Considering the possible role of varlitinib as a thera-
peutic agent, we decided to examine its effect on SCC-25 
cell line. Our data revealed that 50µM Varlitinib exposure 
for 24 h exerted 50% growth inhibitory effect on SCC-25 
cells, thus this concentration was used for gene expression 
analysis. 

 AKT/PI3K and RAS/RAF/MAPK pathways are major 
downstream effectors of EGFR. Former helps in cells sur-
vival, while the latter accelerates cell proliferation [32]. We 
observed an over-expression of MAPK1 and Akt1 genes in 
oral cancer tissue as compared to normal, thus indicating 
over activation of HER signaling in malignancy. Since Pan-
HER inhibitors are suggested to be a potential treatment for 
solid tumors; we examined the effect of varlitinib on this 
pathway. Our results indicated down regulation of MAPK in 
response to varlitinib treatment in cancer cell line. A recent 
study indicated that varlitinib can exert significant anti-
tumor activity by suppressing ERK and AKT pathways in 
triple negative breast cancer cells [30]. Results of Akt1 ex-
pression were, however, contradictory in our study. Alt-
hough malignant tissue showed higher expression of Akt1 as 
expected, the levels remained higher in cells even after anti-
EGFR treatment. This increase most likely reflects Insulin-
like growth factor-1 receptor (IGF1R) mediated resistance to 
anti-EGFR therapy [33]. Indeed, PI3K/AKT is a downstream 
target of IGF1R signaling. Being another tyrosine kinase 
receptor, IGFIR is associated with various cancers. IGF1R 
signaling is the central in oncogenesis [34] as it is considered 

a key component in metastatic cascade and therefore a pre-
requisite for tumor progression [35]. Its over-expression has 
been reported in several cancer types including oral cancer 
[36]. Our data indicated increased expression of IGF1R of 
OSCC tissues as compared to adjacent normal tissue thus 
confirming earlier reports. In varlitinib treated cells the ex-
pression was down-regulated thus endorsing antitumor role 
of Varlitinib (Fig. 3).  

 Cellular integrity is monitored through intracellular sen-
sors to avoid abnormalities triggered due to oncogene activa-
tion, DNA damage and cellular stress. Cell protection, there-
fore, is ensured by initiating cell cycle arrest. Tp53, a tumor 
suppressor gene, is activated in response to DNA damage 
and further up-regulates proapoptotic pathway. Tp53 has 
shown a strong association with risk factors and mechanism 
of carcinogenesis [37] and is called a “guardian of genome” 
[38]. It holds a dominating position among other tumor sup-
pressor genes due to its reported aberrations in almost 50% 
of different cancer types [39]. Tp53 pathway is reported to 
be suppressed in more than 70% of oral carcinoma resulting 
in inhibition of the pro-apoptotic cycle [40]. P53 has been 
identified as a negative regulator of IGFIR [41]. Our results 
indicated down regulation of Tp53 in OSCC tissues as ex-
pected.  However, we did not observe a significant change in 
expression in varlitinib treated cells. CDKN1A (p21) is a 
subsequent downstream tumor suppressor gene regulated by 
Tp53. Its induction by Tp53 in response to DNA damage 
inhibits CDK2 activities thus halting cell proliferation [42]. 
Over expression of CDKN1A induces apoptosis by control-
ling activities of estrogen receptors thereby providing protec-
tion against carcinogenesis [43]. Its down-expression, how-
ever, results in the loss of protective mechanism favoring 
cell proliferation [44]. We found the down regulation of 
CDKN1A and the up-regulation of cyclin dependent kinase 2 

 
 
Fig. (6). Flow diagram indicating signal transduction cascade. Open and closed arrows indicate gene expression in varlitinib treated OSCC 
cells and malignant tissue, respectively. Studied genes include SFN (Stratifin), IGF1R (Insulin-like growth factor 1 receptor), CDK2 ( Cy-
clin-dependent kinase 2), CDKN1A (Cyclin-dependent kinase inhibitor), TP53 (Tumor protein 53), Akt1 (AKT serine/threonine kinase 1) and 
MAPK1(Mitogen-activated protein kinase 1). 
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(CDK2) in OSCC tissues, thus following the expected cas-
cade. In case of varlitinib treatment, however, expression of 
CDKN1A and CDK2 both were found to be decreased.  An-
other mode of regulation of CDKN1A is through STAT and 
MAPK pathway in breast tumors [45] indicating other possi-
ble regulating cascades which need further exploration.   

 SFN also plays a critical role in Tp53 signaling pathway 
during the cancer progression [46]. Due to decreased expres-
sion in cancer, Tp53 can no longer regulate SFN, thereby 
increasing SFN expression and helping cells to evade from 
apoptosis. Hence down-regulation of Tp53 with simultane-
ous over expression of SFN observed here is in agreement 
with previous report which showed elevated expression in 
OSCC tissue, cell lines and serum [47]. In case of treated 
SCC-25 cells, SFN expression was decreased thus halting 
cell cycle.  

 STRING network analysis also showed a strong associa-
tion of these key regulatory genes with each other suggesting 
their interactive role in the pathogenesis of oral cancer. The 
overall impact on gene expression and interplay between cell 
proliferation and apoptosis in response to DNA damage and 
after treatment with varlitinib is shown in Fig. (6). 

CONCLUSION 

 Our data provides first integrated knowledge about dif-
ferential expression of key regulatory genes involved in 
EGFR signaling cascade in OSCC patients and varlitinib 
treated SCC-25 cell line. Being a reversible inhibitor, varlit-
inib is likely to have less side effects hence a safer drug [30]. 
In oral cancer cells, varlitinib modulated its anti-tumor activ-
ity through MAPK pathway. Our study indicated that varlit-
inib might be considered as a potential therapeutic agent 
with concurrent re-activation of tumor suppressor genes ul-
timately leading to halt carcinogenesis. 
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Abstract

Background: Oral squamous cell carcinoma (OSCC) accounts for more that 90% of all oral 

cancers and has been listed as sixth most common human cancer. Due to late diagnosis and 

insufficient therapeutic response among patients, the survival rate remains very low 

accentuating the importance of early diagnostic markers. The study aimed to identify 

differentially expressed proteins in search for putative serum biomarkers and drug targets. 

Methods: Serum samples (n=45) were depleted and resolved on two dimensional gel 

electrophoresis. Among differentially expressed proteins, two were identified using MALDI-

TOF. Gene expression levels of identified proteins were quantified in malignant and normal 

tissue using RT-qPCR. To validate serum Rabl3 expression, sandwich ELISA was 

performed.  Results: Proteomics analysis revealed two proteins which were found to be 

associated with oral cancer. The expression of GIMAP7 was found to be down regulated in 

serum of patients suffering from oral cancer while the expression of Rabl3 was found to be 

up-regulated. Gene expression analysis in malignant tissue and adjacent normal tissue 

revealed the same pattern. Quantitative ELISA was used to validate expression of Rabl3 in 

serum from oral cancer patients and healthy subject which demonstrated significant up-

regulation in cancer patients. Conclusion:  Findings in current study demonstrate differential 

expression of novel putative biomarkers GIMAP7 and Rabl3 in oral cancer which suggests 

their potential role in oral cancer pathology and can be considered as predictive biomarkers. 

Key words: Serum biomarkers, OSCC, GIMAP7, Rabl3, Proteomics
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Introduction

Oral squamous cell carcinoma (OSCC) is a major sub-type of malignancy 1 which is considered 

as sixth most common cancer in the world 2. In benign stages, five year survival rate is nearly 

50% which is decreased drastically in case of cancer 3. OSCC is reported to be a major cause of 

morbidity and mortality among males in south East Asia and especially in Pakistan 4. Highest 

incidence in males has been linked with exposure to risk factors 5. In developed countries, major 

risk factors of oral cancer are alcohol and tobacco use 6 while in developing countries like 

Pakistan and India, smokeless tobacco products (gutka, naswar,) and betel quid with or without 

tobacco are considered major risk factors 7. In most of the cases, diagnosis of oral cancer takes 

place at an incurable stage 8 hence it is difficult to treat OSCC even with the advancements in 

standard treatments procedures such as surgery and radiotherapy . The detection of the disease at 

an earlier stage, therefore, is likely to decrease the mortality rate. 

Proteomic techniques have been utilized in identification of biomarker using diseased tissues and 

body fluids 9 including OSCC 10. Most of the work has been focused on tissue proteomics and 

various putative biomarkers have been suggested till date 11,12. None of them, however, is being 

used in clinical practice as diagnostic/prognostic marker, maybe due to restriction of being tissue 

markers. Serum/plasma proteomics offers an attractive tool due to use of minimal invasive 

method and safety in handling 13. Differentially expressed proteins identified using plasma 

/serum samples have been reported. Almost 45 different bio-molecules are suggested to be 

potential biomarkers on the basis of analysis from different origin 12,14. Data from local Pakistani 

population, however, is not available and is worth examining since main risk factor for local 

population is use of smokeless tobacco products (SLTs) such as niswar, gutka, Manipuri etc.  
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In order to search for unique biomarkers related to SLTs, we performed comparative proteomics 

analysis on serum samples from oral cancer patients. Among differentially expressed spots, we 

identified two proteins namely Rabl3 and GIMAP7. We verified the expression levels of both 

proteins in malignant and normal tissue through RT-qPCR analysis. Current study focused on 

expression of Rabl3 and GIMAP7 at protein and mRNA levels from OSCC serum and OSCC 

tissue samples, respectively. In this study, we report differential expression of GIMAP7 and 

Rabl3 in serum from oral cancer patients along with oral (malignant and healthy) tissue.   

Materials & methods

Sample Collection

The study was approved from Institutional Ethical Committee (IEC) and informed consent was 

obtained from all participants before sample collection. Diagnosis and tumor grade 

categorization was conducted by expert surgeons through physical examination and 

histopathological confirmation. Selected candidates were interviewed and data was recorded 

regarding their exposure to risk factor, duration of exposure, overall life style, socio-economic 

status, occupational activity educational background, age and gender. Majority of samples were 

obtained from smokeless tobacco users. Blood samples from OSCC patients (n=45) were 

collected before surgery while for controls, samples were collected from age and sex matched 

healthy volunteers (n=30). For collection of serum, blood was left to form clot for 20 minutes at 

room temperature then centrifugation was carried out at 3500 rpm for 10 minutes. Supernatant 

was collected and stored at -80°C. 
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 Malignant tissue along with adjacent normal tissue (n=45) were also collected at the time of 

surgery. Tissue samples were snap-frozen in liquid nitrogen immediately after collection and 

kept at -80 0C until further use. 

Proteomics Analysis

Albumin/Immunoglobulin G (IgG) Removal

To remove high abundant proteins Albumin and Immunolgobulin G (IgG), serum samples were 

depleted using ProteoExtract Albumin/IgG removal kit (Merck- Millipore, Darmstadt, Germany) 

in accordance with manufacturer’s instructions.

Two Dimensional gel Electrophoresis

Protein concentration was estimated using BCA assay in accordance with manufacturer’s 

guidelines (Cat # 23225, Pierce BCA protein assay kit). Equal amount of protein from OSCC 

and healthy control serum were suspended in rehydration buffer which contains 8M Urea, 0.5% 

ampholyte solution, 0.2% DTT, 0.5% CHAPS, and traces of Bromophenol blue. IPG strips 3-10 

NL (Bio-Rad) were rehydrated with sample. IEF was done on Multiphor II (GE Healthcare) 

system at 20oC with voltage rating of 10,000 V/h. After IEF, each IPG strip was equilibrated for 

30 minutes each using equilibration buffer 1 (0.5M Tris-HCl pH 6.8, 6M urea, 2% SDS, 30% 

glycerol, 2% DTT) and 2 (0.5M Tris-HCl pH 6.8, 6M urea, 2% SDS, 30% glycerol, 2.5% w/v 

iodoacetamide). After equilibration, strips were located on 12% polyacrylamide gel to perform 

second dimension SDS PAGE. Voltage was kept constant at 65 volts. Electrohphoresis assembly 

mini protean electrophoresis system (BioRad) was used for second dimension. Coomassie 

brilliant blue G-250 was used to stain gels.
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Image Analysis

Gel images were captured through ExQuest spot cutter and analysis was performed using 

PDQuest software (BioRad). From each matched gel set one was selected as reference or master 

gel having maximum number of spots with best resolution. Comparative analysis of gels was 

performed to detect spot intensities and shown as a mean ± SD. Those having P values less than 

0.05 were considered statistically significant. 

Protein Identification using MALDI-TOF MS

Exclusively differentially expressed spots were excised from the stained gels and digested 

according to reported protocols 15. Briefly, protein spots were destained with 50 % ACN and left 

for 15 minutes. ACN was added to the gel pieces and then desiccated using vacuum centrifuge. 

Samples were rehydrated in 10 mM DTT and incubated at 60 °C for 45 min to catalyze reduction 

of cystein residues followed by alkylation through incubation for 30 min with fresh 55mM 

iodoacetamide in the absence of light at room temperature. Proteins were digested using 2 ng/L 

trypsin (Promega) and left at 37° C overnight. The peptides were extracted with 25mM 

ammonium bicarbonate: acetonitrile (1:1) and 10% (v/v) formic acid: acetonitrile (1:1). 

Extracted peptides were dried using Vacufuge® vacuum concentrator (Eppendorf®) and 

reconstituted with 0.1% formic acid. Digested peptides were sent to core facility of ICCBS for 

Mass spectrometry analysis using MALDI-TOF-TOF MS (Ultraflex III, BrukerDaltonics 

Germany). Samples were analyzed using reported protocol 16. Briefly, the α-cyano-4-

hydroxycinnamic acid was mixed with equal amounts of samples. Reflector positive ion mode 

was selected. To obtain mass spectra high voltages of 25 KV was used to accelerate ions and 6 

KV for lens potential. Spectra were obtained in the mass range of (500–3000Da). 
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Data Analysis Using Mascot

Protein identification was carried out through MASCOT database search – Matrix Science, using 

peptide mass fingerprinting from Swiss-Prot database. Search parameters were as follows, 

Carbamidomethylation of cysteins was selected as fixed modification of peptides and oxidation 

of methionine was selected as a variable modification. Missed cleavage option was selected for 1 

while peptide tolerance of 100 ppm/Da. p < 0.05 was selected. 

Gene Expression Analysis 

Reverse Transcriptase-Quantitative Polymerase Chain Reaction (RT-qPCR) 

RNA from OSCC tissue and adjacent healthy tissue were extracted and reverse transcribed using 

RevertAid First- Strand cDNA synthesis kit (ThermoFisher Scientific, Massachusetts, USA). 

qPCR reaction mixture containing cDNA, primer pairs, nuclease free H2O and SYBR green was 

prepared  and  run on quantitative real time 7300 PCR system (Applied Biosystems Corp., 

California, USA). First cycle comprises of 5 min run at 50°C followed by 10 min run at 95°C. 

After first cycle, next 40 cycles utilizes following temperatures; 95°C for 14 s (denaturation), 

58°C for 1 min (annealing) and 72°C for 45 s (extension). Human glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) gene was used for data normalization and the relative expressions of 

the Human GIMAP7and Rabl3 were measured with respect to adjacent healthy tissue using the 

ddCt relative quantification method (Table 1). At the end, dissociation curve of PCR product was 

analysed. 

Validation of Rabl3 expression through ELISA

Serum level of Rabl3 was measured using commercially available ELISA kit (SET514Hu, 

Cloud-Clone, USA) in accordance with the manufacturer’s guidelines. Briefly, 100µl sera 
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samples and standards were transferred to 96 well plates coated with human Rabl3 monoclonal 

antibody. After incubation at 37°C for an hour, liquid was removed and 100µl detection reagent 

A was added followed by another incubation at 37°C. 100µl detection reagent B was added and 

incubated at 37°C for 30 minutes. Careful aspiration followed by addition of 90 µl substrate 

solution and incubation for 15 minutes at 37°C was then done. 50µl stop solution was added at 

the end and absorbance was taken at 450 nm using a micro-plate reader system. Standard curve 

was made through serial dilutions of standard; samples were run in triplicate their mean 

absorbance was used to find Rabl3 concentration. 

Statistical Analysis 

Data was analyzed using the statistical software of SPSS 20.0 for Windows (SPSS Inc., USA). 

Student t-test was employed to calculate statistical significance, whenever required.

Results

Protein Identification 

Sixteen spots are obtained on 2-D gels showing differential expression in serum of OSCC 

patients in comparison to healthy control serum. Two statistically significant differential protein 

spots were identified as GIMAP7 and Rabl3 using MALDI-TOF mass spectrometry. 

Representative gels of both OSCC serum and healthy control serum have been shown in figure 1. 

Relative spot intensities of GIMAP7 and Rabl3 are given in figure 2 and 3, respectively.

Gene expression analysis in tissue 
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In order to confirm protein expression pattern of identified proteins in tissue samples, real time 

quantification was performed using RT-qPCR. mRNA level of GIMAP7 was found to be down 

regulated  in cancer tissue on the other hand,  Rabl3 showed over expression in malignant tissue 

as shown in figure 4. 

Validation of Rabl3 expression through ELISA

Rabl3 concentration was found to be significantly (P < 0.0001) higher in OSCC serum (11.6 ± 

1.5 ng/mL) in comparison to control (8.113 ± 1.0 ng/mL). Figure 5 represents relative values of 

Rabl3 sera concentration from OSCC patients and normal controls as determined through 

ELISA. 

Discussion

Oral cancer is the major cause of morbidity and mortality among males in Pakistan 4. It has been 

predicted that oral cancer incidence in Pakistan is likely to increase with passage of time 17. 

Major risk factor for oral cancer in local population is intense use of smokeless tobacco among 

young generation 5. Regardless of the incredible developments in surgery, radiotherapy and 

chemotherapy, the survival rate has not been improved primarily because of late stage diagnosis 

8. Combination of two-dimensional gel electrophoresis (2-DE) and MALDI-TOF has been 

widely used for profiling serum proteins using diseased samples. 

Serum proteomics is an attractive tool to identify putative biomarker from different cancer types 

including OSCC. Several biomarkers from OSCC serum have already been identified such as 

alpha-1-B-glycoprotein (ABG), clusterin (CLU), complement C3c (C3), glycoprotein (LRG), 
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haptoglobin (HAP), leucine-rich α2-, pro-apolipo protein A1 (proapo-A1), and retinol-binding 

protein 4 precursor (RBP4) 18. In current study, we have identified two proteins differentially 

expressed in OSCC serum in comparison to healthy serum obtained from volunteers. To check 

their expression pattern in malignant and healthy tissue, we quantified mRNA levels through real 

time RT-qPCR. 

We observed down-regulation of GIMAP7 in serum samples from OSCC patients and it’s 

concurrent down expression at mRNA level in OSCC tissue. The GIMAP (GTPase of immunity-

associated proteins), has been closely linked with cell survival of lymphoid cells 19. GIMAP is a 

unique GTPase family which is conserved in vertebrates 20. Regulation of cell viability or death 

is likely to be regulated through GIMAP family members in immune cells 21,22. Involvement of 

GIMAP family members in pathogenesis of cancer have also been reported in case of non small 

cell lung cancer (NSCLC). Microarray studies and qPCR analysis revealed down regulation of 

GIMAP family members in lung cancer tissue 23. Mouse model studies have indicated that 

GIMAP4, a GIMAP family member has capability to accelerate apoptosis 22. In hepatocellular 

carcinoma (HCC), down-regulation of GIMAP5 and GIMAP6 has been reported both from 

tissue and serum samples 24. Down regulation of GIMAP7 both at protein and mRNA level 

observed in serum and tissue samples from oral cancer patients might suggest tumor suppressor 

role for this protein.  

The second protein identified in current study is Rabl3 which is suggested to be a positive 

regular in various malignancies. However, the relationship of Rabl3 expression with oral cancer 

has not been reported earlier. We found up-regulated expression of Rabl3 in OSCC serum and 
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analogous mRNA level in OSCC tissues. Identification of Rabl3 in serum using proteomic 

approach was validated using ELISA which indicated significant over expression in oral cancer 

patients. RABL3 is a member of Rab subfamily of small GTPases 25 which plays key role in 

tumorigenesis. There is strong evidence indicating correlation between tumorigenesis and their 

elevated expression level 26. In-vitro gene silencing experiments in breast cancer cell lines 

demonstrated inhibition of cell proliferation, tumor formation, metastasis and cell motility 27 

suggesting it to be an oncogene. Over expression of Rabl3 in  non-small cell lung cancer is 

linked with poor survival 28. Up-regulation of Rabl3 in  hepatocellular carcinoma cell lines and 

malignant tissue at protein and mRNA level has shown  its association with cancer progression 

and poor survival suggesting possibility of using Rabl3 as a possible diagnostic and prognostic 

marker in hepatocellular carcinoma 29,30. It has been postulated that Rabl3 mediates its role 

through phosphorylation of focal adhesion kinase (FAK) and can stimulate cell proliferation and 

antiapoptotic activities through activation signaling pathway 27.  Considering our results and 

previous data, we speculate that Rabl3 can be considered as a putative therapeutic target for anti 

cancer treatment.  

Conclusion 

Taken together, our study reports differential expression of two novel putative biomarkers 

GIMAP7 and Rabl3 both at protein and mRNA level from oral cancer samples suggesting their 

possible role in tumor pathology. Our results offer new evidence to examine prospective role of 

these proteins as a potential anti tumor therapeutic target. 
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Figure Legends: 

Fig. 1: Representative 2-D gel showing differential protein expression in OSCC serum in 

comparison with healthy control serum. Identified proteins are marked on the gel.

Fig. 2: Relative spot intensity of GIMAP7. Each bar represents mean ± SD whereas * represents 

statistical significance when p<0.05. 

Fig. 3: Relative spot intensity of Rabl3 . Each bar represents mean ± SD whereas * represents 

statistical significance when p<0.05.

Fig. 4: Gene expression analysis in OSCC tissue sample using RT-qPCR. Relative gene 

expression was calculated using the 2-ddCt method, with GAPDH mRNA expression as reference 

gene and the adjacent normal tissue as the calibrator. Each bar represents mean ± SD whereas * 

represents statistical significance when p<0.05. 

Fig. 5: Concentration of Rabl3 in OSCC serum (n=45) with reference to healthy controls (n=30) 

as measured through ELISA. Each bar represents mean ± SD whereas * represents statistical 

significance when p<0.001. 
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Table 1:  Primer sequences used in the study

S.no Gene Primer sequence from 5`-3`

1 Rab-like protein 3(Rabl3)
F=AAACAAAGCGCCATGAAGTT

R=TACCGTGGATTTGTGCAGTC

2 GTPase IMAP family member 7(GIMAP7)
F=ACACCACCTGCAAGGAAATC

R=CCAGCAGCAGAACTAGGACA

3 Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH)

F=TGACAAAGTGGTCGTTGAGG

R= ACCTGCCGTCTAGAAAAACC
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Fig. 1. Representative 2-D gel showing differential protein expression in OSCC serum in comparison with 
healthy control serum. Identified proteins are marked on the gel. 
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Fig. 2: Relative spot intensity of GIMAP7. Each bar represents mean ± SD whereas * represents statistical 
significance when p<0.05. 
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Fig. 3: Relative spot intensity of Rabl3 . Each bar represents mean ± SD whereas * represents statistical 
significance when p<0.05. 
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Fig. 4: Gene expression analysis in OSCC tissue sample using RT-qPCR. Relative gene expression was 
calculated using the 2-ddCt method, with GAPDH mRNA expression as reference gene and the adjacent 

normal tissue as the calibrator. Each bar represents mean ± SD whereas * represents statistical significance 
when p<0.05. 
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Fig. 5: Concentration of Rabl3 in OSCC serum (n=45) with reference to healthy controls (n=30) as 
measured through ELISA. Each bar represents mean ± SD whereas * represents statistical significance when 

p<0.001. 
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