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Introduction  

Oral carcinogenesis is considered to be a 
highly complex, molecular and 
histologically multistage process, which is 
often localized in the oral cavity, may 
metastasize and spread out resulting in the 
onset of Squamous Cell Carcinoma of Head 
and Neck (SCCHN). Among all the oral 
cancers, the frequency with which OSCC 
(Oral Squamous Cell Carcinoma) (arising 
from the lining mucosa) occurs is the 
highest [1-3], making OSCC the sixth most 
widespread malignancy [4].              

In spite of this, incidence of Oral Cancer is 
more predominant in the Southeast Asian 
countries [5] owing to excessive smokeless 
tobacco products consumption [6] as a 
consequence of nitrosamines mediated DNA 
adduct formation followed by uncontrolled 
proliferation [7].One of the most important 
risk factor for the oral cancer to develop in 
western countries is the consumption of 
tobacco and alcohol independently or 
together [8, 9] (synergistic effect) or 
infection with human papilloma virus, 
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Oral cancer, a complex multistage process, is predominant in the Southeast 
Asian countries, owing to increased consumption of smokeless tobacco, 
tobacco, alcohol and Human papilloma virus type 16 infection. Oral cancers 
tends to advance from the non-healing pre-malignant lesions, namely, 
leukoplakia, erythroplakia and oral sub-mucous fibrosis. However, the 
major challenge encountered is to predict which pre-cancerous lesion might 
transform into oral carcinoma, indicating the importance of protein based 
molecular markers or biomarkers. Several biomarkers, with diagnostic, 
prognostic and therapeutic value for oral carcinogenesis have been identified 
till date and this review focuses on the current understanding of the potential 
OSCC biomarkers, such as Endothelin 1, salivary transferrin, zinc finger 
protein 510, microRNA: miR-31 as well as cytokine biomarkers, including 
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particularly type 16 (HPV 16) [10].   

Many of the OSCC s tend to advance from 
the pre-malignant lesions of the oral cavity 
[11, 12], where in the development of non-
healing ulcers i.e. leukoplakia (best known 
precursor lesion), erythroplakia or oral sub-
mucous fibrosis (OSF) is often followed by 
carcinogenesis upon chewing betel quid or 
HPV 16 infection [13, 14]. This progression 
of premalignant lesion into a cancerous 
tissue is often distinguished by the 
identification of cytogenetic changes such as 
the loss of chromosomal 3p region (a critical 
tumor suppressor gene region), resulting in a 
3.8 fold higher risk of carcinogenesis [15-
17]. However the major challenge 
encountered is to predict which 
premalignant lesion might transform into 
carcinoma. In order to predict this 
transformation, the discovery of protein 
based biological markers have been 
proposed to be of significant value [18].   

This article, therefore focuses on the current 
understanding of the potential OSCC 
biomarkers with the intention of identifying 
precancerous lesion with a threat of 
malignant conversion via non-invasive 
method.   

Carcinogenic Biomarkers  

Potential for Cytokines as Salivary 
biomarkers  

Cytokines, a group of proteins affecting the 
conduct of cells diversely, is known to bind 
to specific cell membrane receptors and 
thereby persuade a number of activities in a 
cell [19]. The salivary cytokine levels can be 
effectively utilized as markers of cell 
proliferation and therefore are of particular 
interest in the early diagnosis of oral 
carcinogenesis. Out of all, the most widely 
studied cytokines include interleukins-6 and 

8, interleukins -4 and -10, epidermal growth 
factor (EGF), tumor necrosis factor (TNF), 
vascular endothelial growth factor (VEGF) 
(angiogenic factor) and endothelin (ET) 
[20].  

Interleukin 6 (IL-6), one of the main 
cytokines found to be elevated in the serum 
samples of patients suffering from head and 
neck cancer patients when compared to the 
healthy controls or patients suffering from 
non-threatening diseases, is capable of 
independently forecasting tumor metastasis 
by the regulation of cytokine and protease 
mediated complex networks [21, 22]. 
Interestingly, IL-6 has shown to promote the 
proliferation of tumor cells in numerous 
tumor cell lines such as human cervical 
carcinoma [23]. The characteristic role of 
IL-6 in promoting proliferation, inhibiting 
apoptosis and tumor angiogenesis is 
mediated via its interaction with its receptor 
IL-6R and co-receptor glycoprotein 130 

(gp130) thereby activating JAK/STAT 
signaling pathway (Fig. 1) [24] followed by 
alterations in the transcription levels of 
several genes such as the ones regulating 
apoptosis- BcL-XL (B cell lymphoma- 
extra-large), c-myc, XIAP (X-linked 
inhibitor of apoptosis protein) and Fas [25, 
26]. Also, IL-6 is known to influence the 
binding of STAT3 and p53, positively, 
rendering p53 not capable of regulating 
apoptosis [25], making STAT 3 a chief 
regulator of the IL-6 stimulated cell 
growth,proliferation and tumor metastasis 
[27]. Apart from influencing the genes and 
proteins involved in apoptosis, IL-6 is also 
known to promote hyper-methylation of the 
promoter via specifically DNMT3b, leading 
to tumor metastasis in the case of pancreatic 
ductal adenocarcinoma, indicating that IL-6 
is capable of inducing epigenetic changes 
[28, 29]. One of the recent studies in the 
year 2011, is in coherence with the available 
data concerning IL-6 mediated hyper-
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methylation. The study suggested that the 
LINE-1 sequences, in the oral cavity, found 
to be hyper-methylated leading to 
chromosomal instability followed by 
tumorigenesis was a result of IL-6 mediated 
inflammation [30]. Another study in the year 
2015 also displayed increased levels of IL-6 
in the saliva of patients suffering from oral 
cancer when compared to the control group 
[31]. Since, IL-6 is one of the essential 
mediators of oral cancer development, it is 
therefore implicated in early diagnosis of 
premalignant lesions[32].   

Tumor Necrosis Factor (TNF- ), an 

inflammatory mediator, is found to be 
associated with carcinogenesis, where it 
plays a more crucial role in the initiation of 
carcinogenesis including angiogenesis as 
well as invasion, when compared to its 

progression [33-35]. TNF- , upon 

interacting with either of the two receptors - 

TNF-

 

receptor-1 (TNF- R1), universally 

expressed and TNF-

 

receptor-2 (TNF- R-

2), expressed chiefly in the immune cells 
[36], is capable of exerting its biological 
function via multiple signaling pathways 
including the activation of NF- B, a major 
signal for cell survival as well as JNK 
activation responsible for cell death, making 
TNF mediated signaling a double dealer 

with regard to cancer (Fig. 1) [37]. 
However, the response of a cell towards 

TNF-

 
is largely dependent on its 

concentration [38]. High concentrations of 

TNF-

 

induced an anti-tumoral response in 

case of sarcoma murine model [39], despite 
being cytotoxic, whereas, low and sustained 
concentrations of TNF- facilitate 
tumorigenesis by activating NF- B pathway 
[40, 41]. Also, studies report the 

involvement of TNF-

 

in inducing reactive 

oxygen species (ROS) along with reactive 
nitrogen species production followed by 
DNA damage and tumorigenesis [42, 43] 

and therefore, TNF-

 

has been associated 

with cancer, for example enhanced levels of  

TNF-

 

has been noticed  in the H. pylori 

positive gastric pre-neoplastic lesions [44, 
45]. Similar observations were made with 
respect to OSCC, where in prolonged 

exposure of TNF-

 

enhanced the cancer 

stem cell phenotypes [46]. Also, the 
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concentrations of TNF-

 
in the saliva of 

OSCC patients was higher when compared 
to that of the control group [47], making 

TNF- 

 

a potential molecular marker for the 

purpose of early diagnosis of OSCC, as it is 
not only involved in the initiation of cancer, 
but also in its progression, as reported in a 

recent study which stated that TNF- 

 

is 

capable of inducing the stabilization of 
Snail, a transcriptional repressor followed by 
activation of NF- B pathway in the OSCC 
cell lines [48].  

Transforming Growth Factor 

 

(TGF- ), 

well known for its anti-inflammatory as well 
as immune suppressing properties, exists in 

three isoforms - TGF- 1, TGF- 2 and TGF-

3 under its physiological form and interacts 

with its type II receptor, TGF-

 

RII, leading 

to phosphorylation of type I receptor, TGF

 
RI, followed by the activation of SMAD 
mediated transcription [49, 50].   With 

respect to cancer, TGF-

 

inhibits the 

progression of cell cycle, promotes 
apoptosis and acts as a tumor suppressor, 
during the early stages, by up regulating 
p21, cyclin dependent kinase inhibitor and 
down regulation of c-Myc (Fig. 1) [51]. 
However, it is known to enhance epithelial-
mesenchymal transition (EMT) followed by 
tumor metastasis [52]. Transforming growth 
factor- 1 (TGF- 1), which is found to be 
elevated in the human OSCC tumors when 
compared to the normal tissue of head and 
neck region[53], is responsible for the 
promotion of tumorigenesis and increase in 
the metastasis [54, 55]. In one of the studies, 
it was observed that the targeted expression 
of TGF- 1 in the epithelial tissue of head 
and neck region of transgenic mice lead to 
hyperplasia followed by tumor progression 
in the oral cavity [53]. A recent study 
suggested that TGF- 1 plays an important 
role in regulation of matrix metallopeptidase 
9(MMP-9) expression levels, chief mediator 
of OSCC invasion, by enhancing the 
expression of Snail in the OSCC cells [56]. 
Therefore, TGF- 1 mediates tumor 
progression by the regulation of EMT as 
well as by increasing the expression of 
MMP-9, making it a potential biomarker.  

Endothelin 1 and its role in Oral 
Carcinogenesis  

Endothelin 1 (ET-1), a small peptide of 21 
amino acids with cytokine like activity, 
comprises a family of small peptides, ET-1 
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(expressed chiefly in endothelial cells), ET-2 
(expressed in kidney as well as intestine) 
and lastly ET-3 (expressed primarily in 
brain) [57, 58], with ET-1 being the most 
common form of circulating endothelin. 
Endothelins mediate their effect by 
interacting with the superfamily of G-
protein coupled cell surface receptors- 
endothelin receptor A (ETAR) as well as 
endothelin receptor B (ETBR) [59], with 
most functions of ET peptides mediated via 
endothelin receptor A [60]. Under 
physiological conditions ET peptides are 
known to play an important role in the 
regulation of vascular system, cell 
proliferation, tissue differentiation as well as 
development and hormone production [61]. 
Interestingly, endothelin system is also well 
known for its contribution to the growth and 
progression of tumors in many cancer types, 
for instance, ovarian, colorectal, prostatic 
and OSCC [62-64]. As per the data 
available, it has been concluded that ET-1, 
its receptor- endothelin receptor A and B are 
overexpressed in OSCC, where in ET-1 
mediates cell growth and proliferation [65]. 
ET-1, in the oral cavity, is also responsible 
for stimulating the release of ADAM17, a 
bioactive ligand, from fibroblast which is 
followed by its interaction with cell surface 
receptor-EGFR on the cancer cells, thereby 
increasing the cancer cell migration as well 
as invasion [66, 67]. Apart from this, the 
binding of ET-1 with its receptor- ETAR 
also promotes EMT [68].   

In one of the studies in the year 2007, a 
significant increase in the ET-1 was 
observed in the HSC3, an OSCC cell line, 
where in the intra-tumoral administration of 
BQ-123, an ETAR antagonist, had a similar 
analgesic effect, as in the case of morphine 
administration in OSCC mouse model [69]. 
Another study in the year 2010 provided 
similar results, where in ET-1 levers were 
found to be two-fold increase in OSCC cells 

when compared to normal (control) oral 
keratinocytes and the treatment of OSCC 
cells with BQ-123 persuaded the production 
of b-endorphin and leu-enkephalin, 
suggesting the analgesic effects of BQ-123 
indicating that analgesic effects of this 
antagonist [70]. Therefore, the utilization of 
the antagonists, having selectivity for 
ETAR, ETBR or both represent a promising 
option for cancer therapy [71]. Interestingly, 
it has been observed that ETAR antagonists 
can be orally administered via clinical 
studies [72].   

Salivary Transferrin as a Molecular 
Marker   

Transferrin (Trf), a blood plasma protein 
known for its iron binding properties, 
mediates the transportation of iron to almost 
all the tissues from the absorption sites 

 

duodenum along with red blood cell 
recycling macrophages [73].The chief 
source of transferrin is the liver. Transferrin 
is also present in placenta, kidney, 
mammary glands, stomach, immune system 
cells, heart, lungs and tumor cells in 
detectable amounts [74-78]. The expression 
level of Trf receptor on the surface of 
proliferating cells is higher when compared 
to the absent or rare expression of Trf 
receptor on the surface of resting cells [79]. 
Also, studies suggest that upon directing the 
anti-Trf receptor antibodies against the 
receptor results in the inhibition of cell 
growth [80]. Therefore, with respect to 
cancer, the association of expression levels 
of Trf receptor with cell proliferation, 
provides a promising target for both 
diagnostic and therapeutic purpose [73].  
One of the recent studies report transferrin 
receptor 1 (TFRC1) as a direct downstream 
transcriptional target of the proto-oncogene, 
c-MYC, suggesting the reason behind the 
over-expression of TFRC1 in tumorous cells 
[81].  
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The specific relationship between the 
transferrin levels and OSCC was observed 
recently i.e. in the year 2010 by a group of 
scientists. In this study, the salivary 
proteomic profile of the OSCC patients was 
compared to that of the OSCC free control 
group. The results indicated that the 
transferrin levels are elevated in the saliva of 
OSCC patients and a significant increase in 
the salivary transferrin levels resulted in a 
simultaneous increase in the tumor size, 
indicating the importance of salivary 
transferrin as an early stage OSCC 
biomarker [82].   

Zinc Finger Protein 510 as a Novel 
Biomarker  

Zinc Finger Proteins (ZNF), one of the most 
abundant eukaryotic proteins, are 
responsible for extraordinarily diverse 
functions such as transcriptional activation, 
DNA recognition, RNA packaging, protein 
folding along with its assembly, regulation 
of apoptosis and lipid binding [83].      Also, 
ZNFs are capable of regulating cell growth, 
proliferation and its differentiation [84]. A 
number of recent studies suggest new zinc 
finger proteins with novel structural and 
functional properties [83], for instance 
studies report that ZNF652 regulate 
CBFA2T3 protein leading to the promotion 
of tumorigenesis [85]. Another zinc finger 
protein, ZNF278 also activates cell growth 
and proliferation and its knockdown leads to 
suppression of cell proliferation [86]. Also, 
ZNF410 is found to be associated with 
esophageal squamous cell carcinoma in 
humans [87]. All of this data regarding the 
ZNF expression level suggest the 
importance of ZNF as a biomarker candidate 
in different tumor types. ZNF 510 has been 
a well-known biomarker for breast cancer as 
suggested in a studies conducted in the year 
2010 and 2011 [88, 89]. A recent study 

(2011) for the first time reported the role of 
ZNF 510 as a potential biomarker for OSCC 
by comparing the salivary proteomic 
profiles of OSCC patients with the control 
group.  The results indicated a 2919 Da 
peptide to be significantly increased in 
OSCC patients saliva when compared to the 
control group, which upon sequencing 
corresponded to the 176-199 residues of the 
peptide ZNF510, making it a potential 
salivary biomarker for OSCC patients [90].  

microRNA, as a Potential Biomarker for 
Oral Cancer   

MicroRNAs (miRNAs), a non-coding RNA 
of 19-24 nucleotide, is known to regulate 
translation along with the degradation of 
target mRNAs [91]. The recent finding of 
diverse miRNAs play a number of important 
functions including cell growth and 
differentiation, apoptosis, response towards 
stress, glucose secretion and immune 
response [92, 93]. Also, miRNAs have been 
reported to be differentially expressed in 
cancer cells when compared to that of 
normal cells, making miRNA as a potential 
biomarker for diagnostic and therapeutic 
purpose [91, 94]. Furthermore, the miRNA 
expression level in cancer cells exhibits ten 
to hundred fold change, when compared to 
that of mRNA [95]. miRNA is also found to 
be associated with vascular invasion, for 
instance miR-21 along with miR-184 were 
found to be associated with tumorigenesis in 
OSCC [96]. Another study demonstrated 
that the levels of miRNAs- miR-200a and 
miRNA 125s in the saliva of OSCC patients 
when compared to that of healthy controls 
was found to be significantly low. Also, 
miR-125a and its homologue upon being 
transiently transfected reduced ERBB2 and 
ERBB3, oncogenic protein in human breast 
cancer cell line, SKBR3 cells [97, 98]  
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Figure.1 Mechanism of action of cytokine biomarkers: Interleukin 6 (IL 6), tumor necrosis 
factor  (TNF ) and transforming growth factor  (TGF )| RIP: Ribosome interacting Protein; 
TRAF 2: TNF Receptor Associated Factor 2; ASK1: Apoptosis signal-regulating kinase 1; 
TRADD: Tumor necrosis factor receptor type 1-associated DEATH domain protein; FADD: Fas 
Associated Death Domain Protein; MEKK: MAP Kinase KinaseKinase; Bid: BH3 interacting-
domain death agonist; gp130: Glycoprotein 130 IKK:  I B kinase; I B: Nuclear Factor of kappa 
Light Polypeptide Gene Enhancer in B-Cells Inhibitor; ; NF- B : Nuclear factor kappa-light-
chain-enhancer of Activated B Cells; JNK: c-Jun N-terminal kinases JAK: Janus Kinase; STAT: 
Signal Transducer and Activator of Transcription.  

Additionally, a study reported increased 
expression level of miRNA, miR-31 in 
breast carcinogenesis by regulating a diverse 
number of genes [99]. Similar results were 
reported by a study conducted in the year 
2010, but in case of OSCC, where in plasma 
as well as salivary levels of miR-31 were 
compared in patients suffering from OSCC 
to that of the control group. The results 
indicated an increased levels of plasma miR-
31 in the OSCC patients, with miR-31 levels 
declining after the surgery. [100, 101]. 
Therefore it can be concluded the plasma 
levels of miR-31 can be of significant value 
in distinguishing OSCC from the 
premalignant lesions.   

With the current understanding of the 
pathways associated with tumor initiation 
and progression, the identification of the 
potential protein based biomarkers and its 

utilization for the purpose of diagnosis in 
clinical practice is sure to not only design a 
treatment plan for oral cancer, but also 
advance our knowledge regarding the 
understanding of carcinogenesis thereby 
allowing the development of drugs with 
higher effectively and specificity towards 
the disease. Also, the identification of 
protein based biomarkers for oral cancer 
detection is of a significant value as it allows 
the detection/diagnosis of oral cancer not 
only at an early stage, but also in a non-
invasive method. However, there still exists 
issues such as lack of standardization etc. 
which need to be fixed via further research.  
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