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Abstract

 Diagnosis of oral squamous cell carcinoma (OSCC) relies mainly on the histopathological

analysis of the biopsied tissue which is always traumatic for the patient. Salivary biomarkers 

might be an important adjunct to the diagnosis of OSCC especially in early stages of the disease 

because of the ease and non-invasiveness of specimen collection. Many salivary biomarkers 

have already been introduced. This article is a review of the protein biomarkers that have been 

investigated for their usefulness in association to OSCC.
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Introduction

 Oral cancer is ranked as the eleventh 

most common cancer around the world [1]. Oral 

cancer is the generalized term for cancers that 

arise from lip mucosa anteriorly to the pharyngeal

mucosa posteriorly [2]. Oral squamous cell 

carcinoma is the most frequently encountered 

carcinoma that accounts for greater than 90% 

of all malignant oral cancers [3]. Patients with 

OSCC usually seek medical attention only when 

the disease has already progressed to the extent 

that it presents with chronic non-healing ulcer or 

recurrent bleeding or unusually large exophytic

mass. The five-year survival rate of OSCC 

remains low, between 15 to 50 % when a 

diagnosis is made at the late stages of the 

disease, but rises considerably up to 85% when 

an early diagnosis is made [4]. The delay in 

diagnosis remains the key factor for increased 

mortality in OSSC. 

 Histopathological examination of tissue 

obtained after biopsy remains the gold standard 

for the diagnosis of OSCC. Performing biopsy 

to achieve the precise tissue that represents the 

lesion may sometimes be difficult especially in 

non-uniform exophytic masses with superinfection

or when a lesion presents with a frank bleeding.

Incisional biopsy is the biopsy of choice for 

histopathological examination of OSCC which is 

invasive hence traumatic for the patients in all 

instances. To overcome this hurdle, the concept 

of diagnosing OSCC from sources other than 

biopsied tissue is already in progress. These 

diagnostic sources typically include body fluids 

especially serum and saliva of patients [5, 6].

 Saliva, which is often regarded as a 

reflection of human health, is enriched with 

various types of inorganic and organic molecules.

The organic components of saliva constitute of 

endogenously secreted proteins such as IgA, 

salivary enzymes such as amylase, lingual lipase,

and lysozyme. There are many hormones including

insulin, steroids such as cortisol, testosterone, 

and progesterone as well as various peptides 

including metalloprotease, leptin, and lactoferrin 

which are secreted in saliva by passive diffusion

[7, 8]. Thus, saliva serves as an excellent source 

for assessing not only the oral health but also 

the overall systemic health of an individual by 

monitoring the endogenous and exogenous 

compounds present in it [8] . 

 The molecular events of carcinogenesis

begin much earlier and before the clinical 

presentation of the disease is evident. Carcinogenesis

involves a deregulation of numerous types of 

molecules starting from DNAs to the breakdown 

of extracellular matrix proteins such as collagen 

as well as increased expression of molecules 

that promote tumor cell proliferation, invasion

and angiogenesis. The downregulated and 

upregulated molecules as well as fragments of 

intracellular components including DNAs, RNAs 

or small polypeptides can enter saliva via the 

passive diffusion pathway. Likewise, exfoliated 

tumor cells from oral cavity are most likely to 

be found floating in the saliva. Saliva is therefore 

proposed to be an important source of biomarkers

for the diagnosis, monitoring the progression, 

determining the disease outcome, and predicting 

the prognosis of OSCC [7, 9, 10]. 

 The National Cancer Institute of USA 

defines biomarker as “A biological molecule 

found in blood, other body fluids, or tissues that 

is a sign of a normal or abnormal process, or 

of a condition or disease. A biomarker may be 

used to see how well the body responds to a 
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treatment for disease or condition. Also called 

molecular marker and signature molecule.” The 

definition holds true for conditions like cancer. 

Thus, biomarkers can be any molecules such as

DNAs, RNAs, peptides, enzymes or any deregulated

molecular events during carcinogenesis [11]. 

Biomarkers for oral cancer can be searched at 3 

basic levels: alterations in DNA which result into 

alteration in the RNA transcripts finally leading 

to changes in the protein translates. Accordingly,

salivary genomics, transcriptomics and proteomics

are the major areas where biomarkers can

be quested. As far as salivary proteomics is

concerned, proteins are mainly synthesized 

by the salivary acinar cells and consequently 

secreted with saliva into the oral cavity. A few 

amount of proteins secreted in saliva might have 

been through the process of passive diffusion

[9, 12]. Therefore, salivary proteomics can be 

useful for recognizing biomarkers for native as 

well as distant diseases. Table 1 shows the 

protein biomarkers in saliva that have been 

studied from over the past few decades till date 

for OSCC.

Table 1. Protein biomarkers in saliva for OSCC detection, reported as of 2016.

   Group   Protein markers       References    Technique for protein 

  in saliva for OSCC   quantification and analysis

 Cytokines Interleukin-1  Rhodus et al. 2005 [13] Enzyme Linked Immunosorbent

  (IL-1 )  Assay [ELISA]

  IL-1  Katakura et al. 2007 [14] ELISA

   Brinkmann et al. 2011 [15] ELISA

   Elashoff et al. 2012 [16] ELISA

   Kamatani et al. 2013 [17] Suspension Array System [SAT]

  IL-6 Rhodus et al. 2005 [13] ELISA

   Katakura et al. 2007 [14] ELISA

   SaheebJamee et al.  ELISA

   2008 [18]

   Sato et al. 2010 (19) Chemiluminescent Enzyme

    Immunoassay [CL-EIA]

  IL-8 St. John et al. 2005 [20] ELISA

   Rhodus et al. 2005 [13] ELISA

   Brinkmann et al. 2011 [15] ELISA

   Elashoff et al. 2012 [16] ELISA

   Punyani and Sathawanee. ELISA

   2013 [8] 

  IL-10 Aziz et al. 2015 [21] Multianalyte Profiling [MAP]

   Malgorzata et al. 2016 [22] ELISA
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   Group   Protein markers       References    Technique for protein 

  in saliva for OSCC   quantification and analysis

  IL-13 Aziz et al. 2015 [21] Multianalyte Profiling [MAP]

  Tumor Necrosis Rhodus et al. 2005 [13] ELISA

  Factor-  [TNF- ] Malgorzata et al. 2016 [22] ELISA

 Growth Factors Transforming Growth Malgorzata et al. 2016 [22] ELISA 

  Factor-  [TGF- ] 

  Vascular Endothelial Upile et al. 2009 [23] Solid phase ELISA

  Growth Factor Andisheh-Tadbir et al. ELISA

  [VEGF] 2014 [24]

   Malgorzata et al. 2016 [22] ELISA

  Epidermal Growth Shpitzer et al. 2007 [25] Solid phase ELISA

  Factor [EGF]  Bernardes et al. 2010 [26] ELISA

   Farzaneh Agha-Hosseini et. ELISA  

   al. 2015 [27]  

  Insulin-like Growth Shpitzer et al. 2007 [25] Solid phase ELISA

  Factor-1 [IGF-1]

  Fibroblast Growth Vucicevic et al. 2005 [28] ELISA

  Factor Gorugantula et al. 2012 [29]

 Enzymes - amylase Bassalyk et al. 1992 [30] 

   Chen et al. 2002 [31] Matrix-assisted laser 

    desorption/ionization time-of-

    flight mass spectrometry

    [MALDI-TOF MS]

  Catalase Hu et al. 2008 [32] 2 dimensional gel electrophoresis

    [2 DE] and reverse-phase liquid

    chromatography [LC], followed 

    by LC-tandem mass 

    spectrometry [MS]

  Lactate Shpitzer et al. 2009 [33] Kinetic Spectrophotometry

  Dehydrogenase Shetty et al. 2012 [34] Spectrophotometry

  [LDH] Patel & Metgud. 2015 [35] Calorimetric Assay  

  Telomerase activity Zhong et al. 2005 [36] PCR-ELISA followed by 

    colorimetric assay

 Oxidative-Stress Nitric oxide,  Bahar et al. 2007 [37] Nitric Oxide and the Total

 Related  Nitrates,   Nitric Oxide Assays 

 Molecules Nitrites
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   Group   Protein markers       References    Technique for protein 

  in saliva for OSCC   quantification and analysis

  Peroxidase Bahar et al. 2007 [37] Calorimetric Assaay

  Glutathione-S- Bahar et al. 2007 [37] Enzyme-Immunoassay [EIA]

  Transferase

  Superoxide Bahar et al. 2007 [37] Spectrophotometric Assay

  dismutase

  8-hydroxy-2 Agha Hosseini et al. ELISA

  deoxyguanosine  2012 [38]

  [8-OHdG] Kaur et al. 2016 [39] ELISA

  Malondialdehyde Agha Hosseini et al. 2012 Thiobarbituric acid [TBA]

  [MDA] [38]

   Kaur et al. 2016 [39] Thiobarbituric acid [TBA]

  Glutathione Almadori et al. 2007 [40] High Performance Liquid

    Chromatography [HPLC]

  Salivary Carbonyls Bahar et al. 2007 [37] Western blot using specific 

    anti dinitrophenyhydrazine 

    [DNPH] followed by sodium 

    dodecyl sulfate polyacralamide 

    gel electrophoresis [SDS-PAGE]

   Shpitzer et al. 2009 [33]  ELISA followed by 

    colorimetric test

  8-oxoguanine DNA Shpitzer et al. 2009 [33] ELISA followed by 

  glycosylase [OGG1]   colorimetric test

 Plasma Proteins Transferrin Jou et al. 2010 [41] 2DE followed by MALDI-TOF 

    MS and confirmed by MALDI 

    TOF/TOF MS, Western blotting 

    and ELISA

  Hemopexin  

  Haptoglobin Jessie et al. 2013 [42] 2DE followed by MS and

  Transthyretin  validated by ELISA

 Cytokeratins Tissue Polypeptide Nagler et al. 2006 [43] Immunoradiometric assay [IRA]

  Antigen [TPA]  

  Cyfra 21-1 Nagler et al. 2006 [43] Immunoradiometric assay [IRA]

   Rajkumar et al. 2015 [44] ELISA

   Malhotra et al. 2016 [45] Electro-chemiluminescent

    Analysis
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   Group   Protein markers       References    Technique for protein 

  in saliva for OSCC   quantification and analysis

 Serine Protease Maspin Shpitzer et al. 2009 [33] ELISA

 Inhibitors

  1- antitrypsin Jessie et al. 2013 [42] 2DE followed by MS and 

    validated by ELISA

 Complement Complement Jessie et al. 2013 [42] 2DE followed by MS and

 Proteins  protein C3  validated by ELISA

  Complement Ajona et al. 2015 [46] ELISA

  Activation Product

  C4d 

  Complement Hu et al. 2008 [32] 2 DE and reverse-phase LC,

  Regulatory  followed by LC-tandem MS

  Glycoprotein CD59 

 Matrix MMP-2 Shpitzer et al. 2007 [25] Solid phase ELISA

 Metalloproteinase MMP-9

 s [MMP] MMP-9 Shpitzer et al. 2009 [33] ELISA

  MMP-1 Stott-Miller et al. 2011 multiplex sandwich-ELISA

  MMP-3 [47] proteome array

 Cancer antigens Cancer Antigen 125 Nagler et al. 2006 [43] ELISA

  [CA125]

    Balan et al. 2012 [48] ELISA

  Carcinoembryogenic Nagler et al. 2006 [43] ELISA

  antigen [CEA] He et al. 2009 [49] ELISA

   Honarmand et al. 2016 ELISA

   [50] 

  Carcinoma-associated He et al. 2009 [49] ELISA

  antigen 50 [CA-50] 

  Cancer antigen 19-9 Nagler et al. 2006 [43] ELISA

 Other Proteins Defensin Mizukawa et al. 1998 [51] Reversed-phase HPLC followed 

    by MS

  Statherin Contucci et al. 2005 [52] HPLC

  P53 autoantibody Warnakulasuriya et al. ELISA followed by SDS-PAGE

   2000 [53] 

  Endothelin-1 Pickering et al. 2007 [54] ELISA

   Cheng et al. 2011 [55] ELISA

   Hoffmann et al. 2011 [56] ELISA

  CD44 Franzmann et al. 2007 [57] ELISA
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   Group   Protein markers       References    Technique for protein 

  in saliva for OSCC   quantification and analysis

  Mac-2 Binding Hu et al. 2008 [32] 2 DE and reverse-phase LC,

  Protein [M2BP]   followed by LC-tandem MS

   Brinkmann et al. 2011 [15]  ELISA 

   Elashoff et al. 2012 [16] ELISA

  Cyclin D1 

  Phosphorylated Src Shpitzer et al. 2009 [33] ELISA

  Ki-67  

  Profilin Hu et al. 2008 [32] 2 DE and reverse-phase LC, 

  S100A9  followed by LC-tandem MS

  Zinc Finger Protein Jou et al. 2011 [58] Matrix-assisted laser

  510 [ZnF510]  desorption/ionization time-of-

    flight mass spectrometry

    [MALDI-TOF MS]

  Salivary Total Protein Shpitzer et al. 2007 [25] 

   Shivashankara et al. 2011 Lowry method

   [59] 

Discussion

 The use of salivary proteomics for the

diagnosis of OSCC is promising. However there 

are certain limitations in OSCC salivary proteomics

research. There are various techniques available

for protein identification and quantification. 

Some of them such as SDS-PAGE, MALDI-TOF 

MS, HPLC or even PCR are too much elaborated 

and sophisticated that a routine diagnosis using 

these equipments becomes impractical in clinical 

setting in terms of the time and the expense. 

 There is no standard protocol of saliva

collection, processing, and storage. Many 

researchers have preferred to collect the morning

at least 1 hour after food intake [14, 20, 37, 43]. 

However, Rhodus et al. and Agha Hosseini et al.

collected salivary samples 1 and a half hour after

food intake [13, 27]. The rate and force of 

centrifugation for saliva processing also varies 

greatly from one study to the others, for example 

for 15 minutes at 2,600 g [15, 20, 55] for 10 

minutes at 800 g [33, 37, 43]; for 20 minutes at 

14,000 g. [42]; for 20 minutes at 14,000 rpm [54] 

or ; for 15 minutes at 3,500 rpm [14]. In many 

studies, saliva was stored at -80 C; however in 

studies by Mizukawa  et al., Agha-Hosseini et 

al., and Shetty et al., saliva storage was done 

at -20 C [34, 38, 51]; at -70 C in the study by 

SahebJamee et al. [18]; at 4 C in a study by 

Almadori et al. [40]; and at 0 C by Katakura et 

al. [14]  However, these studies have not clarified

the time up to which the saliva samples can 

be stored before initiating the thawing process. 

Protease inhibitors were added in saliva before 

storage in some studies [14, 20, 29, 32, 55] while 

in others information about addition of such 
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inhibitors was not evident [8, 13, 25]. These 

variations in saliva handling from one study to 

the others raise a question that which saliva 

handling technique is the best one as far as 

reliability and reproducibility in different labs are 

concerned. A standard protocol in saliva handling

must be made in order that salivary biomarkers 

could be used for detection of OSCC. 

 A wide variability has been observed 

in the levels of potential salivary biomarkers 

especially the cytokines in OSCC patients and 

even in apparently healthy individuals. Interleukins

 have shown the greatest levels of variability. 

Salivary IL-6 and IL-8 concentrations in OSCC 

patients were found to be 40.9±79.5 pg/ml and 

1,093.7±1,089.0 pg/ml respectively in the study 

by SahebJamee et al. [18] whereas, Rhodus et 

al. found the salivary concentrations of IL-6 and 

IL-8 to be 88.2±43.2 pg/ml and 3,154.1±1,023.2 

pg/ml in their study [13]. In controls, these studies

showed salivary concentrations of IL-8 to be 

700.7±1,031.5 pg/ml and 1,580±789 pg/ml 

respectively. From these two studies, an assumption

can be made that there are certain other patient 

or control related confounding factors which led 

to such a wide variation in the levels of interleukins

despite the fact that the assessment was done 

in healthy controls and OSCC patients in both 

studies. The difference in race, ethnicity, geography

and general physiological and nutritional status 

of the study subjects as well as the difference 

in laboratory procedures might have resulted in 

such a variation.

 The inflammatory cytokines such as 

interleukins as well as growth factors such as 

FGF, VEGF are raised during the process of 

inflammation as well as wound healing [60]. 

MMPs also show significantly higher levels in 

oral inflammatory conditions such as periodontitis

[61]. Therefore, biomarker research should 

differentiate and validate potential OSCC salivary 

biomarkers in people having oral inflammatory 

diseases. Similarly, the biomarkers should have a 

very high specificity and sensitivity. If a biomarker

shows high levels during inflammatory oral 

conditions to a point that there is no significant

difference between that level and the levels 

observed in OSCC patients, its specificity falls 

drastically which ultimately undermines its use 

as a potential biomarker.

 Many of the potential salivary OSCC 

biomarkers are also observed in other types of 

pathological conditions and tumors. For example 

LDH isoenzymes are frequently observed in body 

fluids in hepatic or cardiac insults [62]; endothelin-1

has been detected in patients suffering from 

heart failure [63] as well as other diseases such 

as gastritis, gastric- and duodenal ulcers [64]. 

Similarly, biomarkers such as CD44, profilin, CA 

125, -1 antitrypsin, maspin, p53 autoantibody 

are seen in body fluids such as serum or saliva 

in various tumors [65-70]. The presence of more 

than one tumor in the same patient may alter 

the levels of these biomarkers. Therefore, a de-

termination of the specificity of potential OSCC 

biomarkers is necessary particularly in patients 

who have concomitant tumors in other parts of 

the body. 

Conclusion

 Although salivary biomarkers can serve 

as potential adjuncts tools for OSCC diagnosis,

the limitations and variability associated with saliva

collection, processing, storage as well as the 

issues regarding the reliability of approach to 

detect specific biomarkers and their sensitivity
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and specificity in detecting OSCC have to be 

addressed before applying them for clinical use. 

This, however, paves the pathway for future 

studies and researches in this field.
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