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ABSTRACT

Oral cancer refers to any malignancy that develops around any part of the mouth like lips, pharynx. Oral squamous cell carci-
noma is reported as the top three common malignancies in India. Despite the recent advances, oral cancer has been reported
with higher mortality rates all over the world. Saliva has been identified to be an efficient tool in the early detection of oral malig-
nancy and reduces the higher rate of mortality due to late diagnosis. The goal of this saliva-based diagnosis method is to detect
malignancy at an early phase and which is a hallmark of salivaomics. The current review focuses on saliva-based oral cancer
diagnosis. A review of the literature of research papers on saliva-based oral cancer diagnosis was done from articles duration
between 2000 to 2020. Data collection was done through search engines and databases. Articles that met the inclusion criteria
have been included. Saliva is a complex fluid containing several hormones, proteins, enzymes, cytokines, antibodies, salts,
antimicrobial constituents, and is associated with a variety of systemic diseases. Saliva based diagnosis has been used in the
diagnosis of systemic diseases and drug monitoring. Salivary biomarkers have been identified over the years specifically for
early cancer detection which has attracted much research interest, especially for oral cancers. Extensive clinical applications
of fluids in the human body have been found to diagnose and monitor human health. Detection of molecular markers like DNA,
RNA, protein markers in saliva can be accurate and reliable methods for the diagnosis of oral cancer.
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INTRODUCTION

Oral cancer refers to all malignancies arising from the lips,
oral cavity, and pharynx. Mostly 90% of all oral cancers
being oral squamous cell carcinoma.' Oral squamous cell
carcinoma is reported as the top three commonest cancer in
India which affects more than 1 million people per year.? De-
spite recent advances and technology, oral cancer has been
reported as cancer with a higher mortality rate by the world
health organization.’ The higher death rates in oral cancer are
attributed due to the late diagnosis of the disease.! The early
identification of oral malignancy is regularly a difficult task
and infers more clinical and laboratory examinations that can
postpone the treatment and profoundly impact the visualiza-
tion.” A variety of fluids are seen in the human body with a
high quantity of proteins such as blood, urine, and saliva,
they assess to identify several systemic and oral diseases.®
The most important and relevant composition in the saliva
is salivary proteins.” Specific proteomic content present in

the saliva helps in identifying biomarkers associated with
several diseases.® The composition of the saliva varies and
depends on the type of gland secretion whether mucous or
serous.’

Salivary biomarkers have been identified over the years spe-
cifically for early cancer detection which has attracted much
research interest, especially for oral cancers.!” These fluids
proved to have found widespread clinical applications to di-
agnose and monitor human health.!" Saliva has been tested
as a valuable tool for drug monitoring and diagnosis of the
disease. Saliva is a complex fluid containing several hor-
mones, proteins, enzymes, cytokines, antibodies, salts, anti-
microbials'? constituents, and is associated with a variety of
systemic diseases.'* Saliva is a more specific and potentially
sensitive screening tool, whereas more than 100 salivary bio-
markers (DNA, RNA, mRNA, protein markers) have already
been identified, including cytokines (IL-8, IL-1b, TNF-a),
defensin-1, P53, Cyfra 21-1, tissue polypeptide specific anti-
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gen, dual-specificity phosphatase, spermidine/spermineN1-
acetyltransferase, profilin, cofilin-1, transferrin, and so on.'*
Detection of new molecular markers in saliva like DNA,
RNA, protein markers in saliva can be accurate and reliable
method(s) for the diagnosis of oral cancer.'®

Moreover, saliva is a diagnostic fluid which can be inexpen-
sive and accounts for early detection of diseases.' The goal
of'this saliva-based diagnosis method is to detect malignancy
at an early stage, and early cancer detection is the hallmark of
successful treatment. A salivary diagnostics method should
have general functionality, high sensitivity and specificity,
low cost, and efficient clinical application. Saliva based de-
tections are non-invasive and accessible diagnostic meth-
odology. With this background, this review summarizes the
saliva-based oral cancer diagnosis.

MATERIALS AND METHODS

A scoping review was made by articles from various search
engines including Pubmed, Google Scholar, Cochrane,
MeSH core. Related articles from 2000 to 2020 to date have
been selected. Articles related to oral cancer, salivanomics,
salivary Biomarkers, diagnosis methods were included. Arti-
cles related to other cancers and other diagnostic methods of
oral cancer have been excluded.

SALIVA: A PERFECT DIAGNOSTIC MEDIUM

Saliva has been long proposed and used as a diagnostic me-
dium for several systemic diseases.!” Because it is a noninva-
sive, better alternative to serum testing, effective, easily ac-
cessible, less time consuming, inexpensive and it can be used
for screening large population samples.'® Several previous
studies have found that salivary levels of specific proteins
are increased in the whole saliva of patients with OSCC.
CD44 (a cell surface glycoprotein involved in cell-to-cell
interaction), 44 Cyfra 21-1 (a fragment of cytokeratin 19),
tissue polypeptide antigen (TPS), and Cancer antigen 125
(CA-125) are some examples which have been suggested as
oral cancer biomarkers."

SALIVA AND ITS SAMPLE COLLECTION

Oral samples are useful for the diagnosis of systemic and
oral diseases including saliva, gingival crevicular fluid, den-
tal plaques, and oral swabs.?® Incorporation of saliva as a
diagnostic tool has likely a future perspective.?! Several au-
thors have reported significant correlations between the sub-
stances present in the saliva and blood.? Saliva can be col-
lected through different techniques. Saliva can be collected
in four distinct forms a) collection of resting or unstimulated
saliva, b) collection of stimulated saliva, c) collection of
glandular saliva (parotid secretions mainly) with or without
any stimulation, d) collection of palatine saliva.?® Stimulated
saliva contains a diluted concentration of biomarkers and it

is laborious to collect therefore it is not preferred. Unstim-
ulated saliva is preferred for sample collection rather than
stimulated saliva. There are various methods developed for
the collection of saliva for samples.?*

Draining method:

The individual is made to sit calmly with the head bent down
and the mouth open. Saliva drips passively from the lower
lip into the sterile tube thereby it is collected. This method
has been recognized to be the most reliable as it allows for
the collection of unstimulated saliva.

Spitting method:
Saliva can accumulate in the floor of the oral cavity and the
individual spits out it into graduated sterile tubes.

Suction method:

Collection of saliva made through saliva ejector with the
help of micropipettes, syringes, or aspirator. Saliva can ac-
cumulate in the floor of the mouth, and it is collected via
saliva ejector.

Swabbing method:

The collection takes place with the help of a synthetic gauge
sponge, preweighed swab or cotton pad. The individual is
asked to chew out the mentioned material thereby the mate-
rial gets soaked with saliva.

Segregation method:
It is a device used to collect submandibular and sublingual
saliva with the help of any masticatory stimuli.

Cannulation:
Tapered polyethylene tubes are used for the cannulation of
Wharton’s duct.

PROCESSING OF SAMPLES

Saliva samples must be processed over ice. Various types of
equipment and supplies namely Laboratory vortex mixer, re-
frigerated centrifuge, cryotubes which are capable of accom-
modating (-80 °C) temperature, freezer (-80 °C) can be used.”
Processing of samples at a lower temperature in ice facilitates
the prevention of degradation of salivary proteins. The col-
lected sample should be stored at an abutment temperature.?

SALIVA ANALYSIS AND DIFFERENT TYPES OF
TESTS AND PROCEDURES

Salivary proteomics and genomic target analy-
sis for oral cancer biomarkers

Previous researchers have examined proteins and nucleic
acid in the saliva for cancer diagnosis by analyzing various
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candidate biomarkers.?”’” Following are the methods which
are implicated for analysis it includes Luminex multianalyte
profiling [XMAP] technology, Shotgun proteomics based on
C4 reversed-phase liquid chromatography with quadruple
time of flight mass spectrometry, Surface immobilized, opti-
cal protein sensor utilizing a confocal optics-based sensor,
matrix-assisted laser desorption/ionization- mass spectrosco-
py (MAIDI-MS), reverse transcriptase quantitative polymer-
ase chain reaction ( PT-qPCR), in-vitro translation, construc-
tion of salivary cDNA library, Human genome-wide U133A
microleakage for profiling human salivary transcriptase.”
Comparison samples from oral cancer and control trials have
demonstrated that oral fluid® contains proteomic signatures
that may serve as a biomarker for oral squamous cell car-
cinoma. mRNA biomarkers related to malignancies seven
have been identified in OSCC saliva samples.*® They are
transcripts of IL- 8, ILIB, DUSP, HA3, OAZ1, S100P, SAT.

Comprehensive salivary analysis for oral can-
cer diagnosis

Saliva analysis of a previous study revealed an overall altered
saliva composition in OSCC patients.’! In that, all OSCC le-
sions were located at the lateral aspect of the mobile tongue.
The parameters included for the analysis includes sodium
(Na), potassium (K), calcium (Ca), inorganic phosphate (P),
magnesium (Mg), total protein (TP), albumin (Alb), lactate
dehydrogenase (LDH), amylase (Amy), total immunoglobu-
lin G (IgG), secretory immunoglobulin A (Sec. IgA), epider-
mal growth factor (EGF), insulin growth factor I (IGF-I) and
metalloproteinases MMP-2 and MMP-9. Indicating a com-
promised oral cancer environment suggested salivary analy-
sis as an attractive, effective diagnostic tool for oral cancer.*?

Saliva DNA methylation in oral cancer

Aberrant promoter hypermethylation patterns of cancer- re-
lated genes are detected in the saliva of head and neck can-
cer patients is reliable and potentially useful for detecting
and monitoring disease recurrence.*® Investigation of Saliva
DNA methylation can provide a lot of specific oncogenic
genes that can be used as a possible biomarker for early di-
agnosis of oral cancer. Therefore, methylation analysis in the
saliva is a very promising approach for early cancer detec-
tion in high-risk patients or for the post-treatment follow-up
and rapid diagnosis of relapse.** The methylation analysis
might also reflect the tumor prognosis and complete the his-
tology to define the diagnosis. Finally, DNA methylation is
reversible with demethylating agents, a new avenue for can-
cer therapy in association with chemotherapy.*

ADVANTAGES OF SALIVA BASED
ORAL CANCER DIAGNOSIS

Early diagnosis represents the target and as a role in the prog-
nosis and further treatment. Saliva has multiple advantages

over other body fluids that generated high interest among
researchers.’ Saliva being a diagnostic fluid offers several
advantages over serum for instance of its cost-effective ap-
proach, real-time diagnostic values, multiple samples can be
collected easily from many people, less manipulation, non-
invasive collection method, and with minimal risk of con-
tamination.’” Unlike serum and tissue specimens, saliva has
several advantages as a valuable diagnostic tool.*® One of the
most important characteristics of salivary analysis is attribut-
ed to the noninvasive approach. Combined with the advan-
tages of easy sample collection and storage makes it a valu-
able tool.* New advances have demonstrated their viability
and revealed an enormous number of salivary biomarkers
that are associated with a few general and oral ailments.*’

DISADVANTAGES AND LIMITATIONS

Lack of certain biomarkers, Portable detection systems are
some of the limitations. Change in salivary flow may affect
the concentration of protein present and make it less reli-
able.*! Composition and validation of saliva measurements
are important for better diagnosis. Procedures done by un-
skilled professionals may lead to inaccuracy of the diagno-
sis.*? Salivary collection methods and biomarkers need to be
standardized and validated.** Also, new assays and devices
need to be developed at a commercially feasible rate.** How-
ever, much work needs to be done to incorporate saliva-based
diagnostics into daily use.* Saliva is a sensitive and specific
salivary diagnostic tool, the establishment of defined guide-
lines will make salivary diagnostics methods a reality in the
near future.

DISCUSSION

Saliva based oral cancer diagnosis has shown promising re-
sults and identified to be the most effective and reliable meth-
od. A previous study demonstrated the salivary transcrip-
tome enzymes based diagnosis successfully; the microarray
analysis showed around 1679 genes significantly.*® Various
significant parameters have been implicated which include
oxidative stress*’, immunological, biochemical factors.*®
Further application of saliva in epithelial tumor markers has
been discussed.®” The finding of a large panel of human RNA
can be reliably detected in saliva gives rise to the potential of
this novel clinical approach. Previous researchers also eval-
uated the potential biomarkers in human whole saliva and
stated its effectiveness in early detection.”® Eventually, since
saliva seems to be a valuable tool for diagnosis, much atten-
tion must be given to the procedures and techniques.’! Due to
many favorable promising effects saliva will be used for the
diagnosis of many diseases in future perspectives.
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CONCLUSION

This review compiles the utility of saliva-based diagnostic
methods successfully for the detection of oral squamous cell
carcinoma. Control mechanisms of salivary RNA turnover
and the fate of these RNAs are also addressed. This is an
ideal example of translational research in reverse, based on a
highly relevant clinical observation that saliva contains pro-
teomic and genomic biomarkers for oral cancer detection,
and building a scientific foundation. This novel clinical ap-
proach could make use of a high therapeutic and effective
tool for early detection of oral cancer. In the future, usage of
saliva in this field will rely upon the validation and staging
OSCC with specific biomarkers and multiplex measures that
are specific, qualitative, rapid, cost-effective, and promising
results in wider clinical application.
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