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Abstract

Objectives: To provide an update regarding the recent trends and advancements in the field of salivary nano-biosensors
which are useful in diagnosis of oral squamous cell carcinoma? Materials and methods: Literature survey was carried
out in March 2021 in electronic databases such as PubMed SCOPUS, EMBASE, COCHRANRE library, Science Direct
using key words such as Biosensors and oral cancer, Salivary biosensors and oral squamous cell carcinoma etc... Articles
published in English language from 2000 to March 2021 which fulfilled the objectives of the study were included.
Results: The searches revealed 236 articles out of which 42 were selected after reading the full text articles. Saliva based
diagnostics is also referred as liquid biopsy for its immense potential as it is economical, noninvasive and easy to collect
and contains wide variety of biomarkers which can be detected by biosensors. The use of biosensors in oral cancer
detection and monitoring holds vast potential. Biosensors can be designed to detect emerging cancer biomarkers and to
determine staging of the disease and diagnosis. Even though there are wide varieties of biomarkers, only few biosensors
have the potential to become point of care diagnostics of oral cancer. Conclusions: The technological advancements in
recent times have enabled researchers to develop high throughput and sensitive biosensors to detect active biomarkers
from saliva of oral cancer patients.
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INTRODUCTION squamous cell carcinoma in resource scarce settings [2,

. . 3].
Oral squamous cell carcinoma (OSCC) is a ]

major health problem in the world and particularly in
countries like India. Oral cancers are the sixth most
frequent cancer with a high mortality rate. It accounts
for more than 90% of all oral cancers. The increased
mortality and morbidity associated with oral cancer is
due late diagnosis. The mortality can be decreased if
oral cancer is detected at the earliest [1]. The gold
standard for diagnosis is still tissue biopsy and
histopathology, but various biomarkers are available
which have good sensitivity and specificity that can
diagnose (OSCC) at the early stage. Point of care
diagnostics plays an important role in early diagnosis.
As tissue biopsy takes longer time for diagnosis, point
of care diagnostics will help in diagnosing oral

An instrument or a sensor which detects active
biomarker of the disease is called a biosensor. They are
devices used to detect the presence or concentration of a
biological analyte, such as a biomolecule, a biological
structure or a microorganism. Biosensors consist of
three parts that is a component that recognizes the
analyte and produces a signal, a signal transducer, and a
reader device [4]. There are various types of biosensors
such as enzyme based, tissue based, immunosensors,
DNA biosensors, thermal and piezoelectric biosensors.

Human saliva is a valuable tool which can be
used for diagnostics, as it contains numerous active
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metabolites that acts as biomarkers. The use of saliva
for early cancer detection is a promising field and many
investigators have reported regarding its utility. It is
noninvasive, easy to collect and economical [5]. Saliva
contains many active elements such as proteins,
peptides, microbiomes, pro-inflammatory cytokines,
monoclonal antibodies etc. secreted by major and minor
salivary glands such as parotid gland, sublingual and
sub-mental gland [6]. These active metabolites which
are indicators of disease are often referred as
biomakers. These are the molecular signatures which
give inference regarding health and disease of an
individual [7].

There is a direct contact between saliva and
oral squamous cell carcinoma, because of which micro-
molecular signatures are leached in to saliva from
tumors. Salivary proteomics enhances diagnostics
because of secretion of enzymes, cytokines, harmones,
antibodies etc. from oral cancer cells. These signatures
are taken up by various nano-biosensors which aid in
diagnosis [8].

There are numerous salivary biomarkers based
on genomics (DNA, RNA, mRNA), proteomics,
transcriptomics, microbiomes, metballomics, pro-
inflammatory cytokines (IL-6, IL-8, IL-1b, TNF-a) and
others [5]. Many investigators have reported many
biosensors which can detect active signatures of oral
squamous cell carcinoma. Many biosensors have
satisfactory sensitivity and specificity. Still it is under
research and point of care diagnostics of oral squamous
cell carcinoma is not freely available and hence, final
diagnosis is based on tissue biopsy and histopathology
[9-13]. Technological advancements in the nano-
materials is taking place at a fast pace and in near
future, point of care diagnostics based on nano-
biosensors may be a reality.

However, further research is still required for
the reliability and validation of salivary biomarkers and
nano-biosensors for diagnostics of oral squamous cell
carcinoma. Hence, the present review was carried with
an objective to provide an update regarding the recent
trends and advancements in the field of saliva based

nano-biosensors which are useful in diagnosis of oral
squamous cell carcinoma.

MATERIALS AND METHODS
Search strategy

A literature survey was carried out in various
electronic data bases in March 2021 to identify the
articles required for this narrative review on Nano-
biosensors and oral cancer diagnosis. MeSH
terms/keywords such as “biosensors and oral cancer”
“biosensors and oral  squamous cell carcinoma”
“nanomaterials and oral cancer” “nanotechnology and
oral cancer,” were used to search in the electronic data
bases such as PubMed data base, SCOPUS, EMBASE,
COCHRANRE library, Science Direct and a manual
search was also done using the cross references and
textbooks. Articles published in English language from
2000 to March 2021 which fulfilled the objectives of
the study were included.

Article selection criteria

The articles required for the review was
selected based on the inclusion and exclusion criteria.
Quality assessment was also carried out to select the
articles required for this review.

Inclusion principles

1. Studies on characteristics and utility of biosensors in
early detection of oral cancer

2. Studies on biosensors

3. Studies on biomarkers of oral cancer

4. Descriptive studies, Clinical trials, randomized
controlled studies, Investigative reports.

Exclusion principles

1. Animal based studies

2. Narrative reviews on biosensors

3. Studies which did not use salivary nano-biosensors

RESULTS

The searches revealed 236 articles out of
which 52 were selected after reading the titles and
abstracts. After reading the full text articles and
applying the inclusion and exclusion criteria 42 articles
were selected for the review which fulfilled the
objectives of the study.

© 2021 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 171



Rm Vatchalarani et al; Saudi J Pathol Microbiol, May, 2021; 6(5): 170-175

Table-1: Salivar

biomarkers of oral squamous cell carcinoma

Study Type of biomarker Biomarker Nanotechnology

Jafari M antigen and antibody Cys-GA-anti-Cyfra21.1- Au electrode was modified by Cysteamine

and, Mohammad immune-complex BSA-Cyfra21.1 (CysA) and Glutaraldehyde (GA) respectively

M 2020 [14] via self-assembly as a substrate to immobilize
the biological agents.

Song CK etal. Cytokeratin-19 antigen | Cyfra 21-1 hierarchical three-dimensional network of

2018 [15] carbon nanotubes on Si pillar substrate (3DN-

CNTs)

Lee LT et al. 2018
[16]

Pro inflammatory
cytokines

IL-1B, IL-6, IL-8, MIP-1,
eotaxin and IFN-y and TNF-
o

Luminex Bead-based Multiplex Assay.

St John MA et al.

Pro inflammatory

quantitative real-time polymerase chain reaction

2004 [17] cytokines IL-6 and IL-8 analysis and enzyme-linked immunosorbent
assay,

Nakamichi E etal. | Salivary exosomal Alix | exoAlix Enzyme-linked immunosorbent assay.(ELISA)

2021 [18]

Piesker A et al. salivary Enzyme-linked immunosorbent assay ( ELISA)

2017 [19] metalloproteinase-9 MMP-9

He L et al. 2020 miRNAs in salivary overexpression of miR-24- miRNA microarray analysis, then verified by

[20] €x0somes 3p gRT-PCR.

Gai C et al. 2018
[21]

micro RNAs (miRNAs

miR-512-3p and miR-412-
3p were up-regulated in
salivary EVs

gRT-PCR array and gRT-PCR.

Ueda S et al. salivary microbiome. significant increase in the microarray and qRT-PCR
[22] expression level of CCL20

LiY etal. 2004 salivary transcriptomes | Potential salivary RNA microarray and gRT-PCR
[23] biomarkers are transcripts of

IL8, IL1B, DUSP1, HAS3,
OAZ1, S100P, and SAT.

Martin JW et al.

salivary transcriptomes

mRNAs (IL1B, ILS, OAZ1,

microarray and qRT-PCR

2015 [24] SAT, S100P, and DUSP1)

Aziz Setal. 2015 | Immunosuppressive IL-4, 1L-10, IL-13, and IL- microarray and qRT-PCR

[25] cytokines 1RA were elevated

Kamatani T et al. Proinflammatory IL-1 beta in UWS may be Bio-Plex suspension array system.
2013 [26] cytokines useful for detection of early

stage OSCC.

Zhong LP 2007
[27]

soluble fragment of
cytokeratin 19(CK19)

Saliva Cyfra 21-1
concentration in OSCC
patients was significantly
higher

immunohistochemistry and fluorescent real-
time RT-PCR

Awashthi N et al.
2017

cytokeratin 19(CK19)

salivary CYFRA 21-1, LDH,
total protein, and amylase

immunohistochemistry and fluorescent real-
time RT-PCR

Rajkumar K et al.
2015 [28]

intermediate filament
proteins of epithelial
cells

significant increase in
CYFRA 21-1 level in OSCC

Immunohistochemistry and fluorescent real-
time RT-PCR

Conolly JM et al.

SERS spectra from oral

oral cells surface-enhanced

silver nanoparticle-based surface-enhanced

2016 [30] cells Raman spectroscopy (SERS) | Raman spectroscopy (SERS) as a label-free,
non-invasive technique

Kumar S et al. anti-CYFRA-21-1 Silanized nanostructured zirconia,

2015 [12] Monoclonal antibodies electrophoretically deposited onto indium tin
oxide (ITO) coated glass for covalent
immobilization of the monoclonal antibodies
(anti-CYFRA-21-1).

Zhang Y et al. Proinflammatory IL-8 and TNF-a detection in | Silicon nanowire (SiNW) field-effect transistor

2015 [31] cytokines saliva (FET) biosensors

Song X et al. 2020
[32]

wide range of
metabolite species

dysregulated metabolites

Conductive polymer spray ionization mass
spectrometry (CPSI-MS) and desorption
electrospray ionization MS imaging (DESI-
MSI),
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Biosensors for diagnosis of oral squamous cell
carcinoma

Song X et al. 2020 [32] reported regarding
metabolite signatures in human saliva of patients
suffering from oral squamous cell carcinoma.
Investigators employed conductive polymer spray
ionization mass spectrometry (CPSI-MS) to record a
wide range of metabolite species within a few seconds,
making this technique appealing as a point-of-care
method for the early detection of OSCC. They
discovered and validated dysregulated metabolites and
altered metabolic pathways.

Kumar S et al. 2021[11] reported regarding the
fabrication of yttria-doped zirconia-reduced graphene
oxide nanocomposite (nYZR) based biosensing
platform for detection of salivary CYFRA-21-1
biomarker. This work opens new opportunities to
explore the electrochemical behavior of nanostructured
yttria stabilized zirconia (YSZ) and its composites at
room temperature and its utility in developing
biosensors and other electrochemical devices.

Kumar S et al. 2015 [12] reported regarding
application of the silanized nanostructured zirconia,
electrophoretically deposited onto indium tin oxide
(ITO) coated glass for covalent immobilization of the
monoclonal  antibodies  (anti-CYFRA-21-1).  This
biosensing platform has been utilized for a simple,
efficient, noninvasive, and label-free detection of oral
cancer via cyclic voltammetry technique. The results of
these studies have been validated via enzyme-linked
immunosorbent assay.

Jafari M et al. 2020 [14] reported regarding an
efficient immunosensor (Cys-GA-anti-Cyfra21.1-BSA-
Cyfra2l.1 antigen/AuE) which was successfully
designed and developed for the detection and
determination of the Cyfra21.1 biomarker in
unprocessed human saliva samples. The engineered
immunosensor exhibited an excellent ability to detect
and determine of Cyfra2l.1 biomarker in low
concentrations in unprocessed human saliva samples.
Based on results, this biosensor can provide
appropriate, reliable, affordable, quick, and user-
friendly diagnostic device to monitoring oral
abnormality by detection and determination of
Cyfra21.1 biomarker in human saliva.

Song CK et al. 2018 [15] reported regarding a
hierarchical three-dimensional network of carbon
nanotubes on Si pillar substrate (3DN-CNTSs) which
was developed for the accurate detection of oral
squamous cell carcinoma (OSCC) in clinical saliva
samples. Cytokeratin-19 antigen (Cyfra 21-1) was
utilized as a model biomarker of OSCC for
fluorescence-based immunosensor using 3DN-CNTs
(3DN-CNTs sensor). The 3DN-CNTSs sensor enhances
the sensitivity of Cyfra 21-1 detection by increasing the

density of immobilized antibody through high surface
area of 3DN-CNTs and enhancing the accessibility of
biomolecules through the ordered pathway of
hierarchical structure.

DISCUSSION

Biosensors are useful diagnostic tool for early
detection of cancer. A wide range of biosensors for
cancer diagnostics include aptamers, enzymes, DNA
probes, fluorescent probes, interacting proteins and
antibodies in vicinity to transducers such as
electrochemical, optical and piezoelectric [33]. Efforts
are being made to develop point of care biosensor for
detecting oral squamous cell carcinoma.

Oral cancer is the one of most common cancer
in the world. The gold standard for diagnosis is still
tissue biopsy, cytology and histopathology. Saliva
based diagnostics is also referred as liquid biopsy for its
immense potential as it is economical, noninvasive,
easy to collect and contains wide variety of biomarkers
which can be detected by biosensors. The use of
biosensors in oral cancer detection and monitoring
holds vast potential. Biosensors can be designed to
detect emerging cancer biomarkers and to determine
staging of the disease and diagnosis. Even though there
are wide varieties of biomarkers, only few biosensors
have the potential to become point of care diagnostics
of oral cancer [10-12].

Many investigators have focused on Salivary
Cyfra 21-1 concentration in OSCC patients which was
significantly higher. In  malignant tissues, the
intermediate filament known as cytokeratin 19 and the
C-terminus of cytokeratin 19 (CYFRA 21-1, CYFRA)
are released into circulation by a cleaving enzyme,
caspase-3, and apoptosis. These signatures are taken up
by various biosensors [14].

Kumar S et al. [11], Jafari M et al. [14], song
CK et al.[15], Kumar S et al. [12] have reported
biosensors based on various nano-materials to detect
Cyfra 21.1. It has been reported that these biosensors
have high sensitivity and low specificity when
compared to tissue biopsies but has its own
disadvantages. Salivary Cyfra 21.1 is also a biomarker
for various other cancers like lung cancer [34]. Most of
the biosensors have low specificity that is ability to
detect true negative cases.

Recent advancements in technologies, such as
mass spectrometry, liquid chromatography, and
protein/peptide labeling technologies have made it
possible for detection of proteomes in human saliva at
low concentrations [35]. Numerous studies have
reported that the proteomic profile of saliva from OSCC
patients differs from the profile for OSCC-free controls
(Table 1). The findings of study by Peisker et al. [19]
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have revealed that salivary metalloproteinase-9 was
found to be in high abundance in patients with OSCC.

Salivary transcriptome also plays a role as an
important biomarker and extracellular RNA is an
emerging diagnostic  technology due to its
discriminatory power for disease detection. High-
throughput microarray technology has made the
investigation of gene expression on a genome-wide
level feasible and routine [36]. Li Y et al. 2004 [23]
have reported that potential RNA biomarkers such as
transcripts of IL8, IL1B, DUSP1, HA3, OAZ1, S100P,
and SAT can be detected in human saliva of OSCC
patients. In a research study conducted by Martin JW et
al. [24], it has been revealed that saliva of OSCC
patients contained abundant quantities of MRNAS
(IL1B, IL8, OAZ1, SAT, S100P, and DUSP1 when
compared to controls (No OSCC). The findings of the
study by Gai C et al. [21] has revealed that miR-512-3p
and miR-412-3p were up-regulated in salivary EVs of
OSCC patients when compared to the controls giving
an indication that salivary transcriptomes can be used as
an important biomarker for early detection of OSCC.

Metabolomics is a measure of all intracellular
metabolites and is a potent tool for understanding
cellular function [36]. Metabolomics-based technology
is emerging for the identification of disease-associated
salivary analytes. Song X et al. [32] have found out a
wide range of metabolite species which were
dysregulated metabolites found in abundance in OSCC
patients. They wused conductive polymer spray
ionization mass  spectrometry (CPSI-MS) and
desorption electrospray ionization MS imaging (DESI-
MSI) to detect the active metabolites in the saliva of
OSCC patients.

Researchers worldwide are focusing on
salivary diagnostics of oral squamous cell carcinoma
because of availability of potential biomarkers which
can be used oral cancer diagnostics. There are certain
drawbacks as high throughput and sensitive technology
is essential to detect biomarkers in small quantities to
arrive at a diagnosis [37]. Many researchers are now
investigating to find out an electrochemical biosensor
capable of identifying salivary biomarkers with high
sensitivity and specificity.

CONCLUSIONS

The technological advancements in recent
times have enabled researchers to develop high
throughput and sensitive biosensors to detect active
biomarkers from saliva of oral cancer patients. The field
is still in nascent stage and there is tremendous amount
of scope in future to develop point of care biosensors
for early detection of oral squamous cell carcinoma
using human saliva which is easy to collect and
economical.
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