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Abstract

Saliva is a biofluid that has immense diagnostic potential. Saliva in diagnostics is a promising approach as collecting saliva
is easy and non-invasive. The biomarkers are crucial to detect underlying pathologies for early diagnosis and to induce quality
of life in patients. The search for biomarkers has drawn attention in medical sciences. The salivary biomarkers specifically
for early cancer detection such as cancers occurring in the oral cavity and oropharynx have been in implementation for the
past two decades. This review gives an update on the contribution of salivary biomarkers to the diagnosis and prognosis of
diseases of the oral cavity, including oral cancer, and other systemic diseases.
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INTRODUCTION

The oral cavity consists of multiple structures working in
harmony. Saliva is an integral part of the oral cavity which
is a secretory product of major and minor salivary glands?.
Salivary analysis is a non-invasive procedure, which is an
attractive alternative option for the diagnosis and prognosis
of oral diseases. Metabolites, electrolytes are passively
filtered into the saliva which is in harmony with the
systemic and environmental conditions of an individual
which are involved in the assessment of biomarkers. Saliva
is beneficial for laboratory diagnosis, prognosis, and
management of patients with both oral and systemic
diseases as it is easily collected and stored and ideal for
early detection of disease because it contains specific
soluble biological markers.

SALIVA

Saliva is a clear, slightly acidic mucoserous exocrine
secretion It is a complex mixture of fluid from major and
minor salivary glands along with mucosal transudate and
various other metabolites. It is slightly acidic (pH=6.0-7.0)
in nature. The normal salivary secretion is 1 to 1.5 liter per
day for an adult[1]. The mode of entry of various
metabolites from the blood into the saliva occurs
intracellularly by passive diffusion and active transport.
There can also be other routes (paracellular) by
extracellular ultrafiltration 23 Saliva, known as the 'mirror
of the body', which is a perfect medium to be applied for
clinical diagnostics.*

ADVANTAGES OF SALIVA AS A DIAGNOSTIC
TOOL®

e Non-invasive

Easy to store & transport

Cost-effective

Saliva sample can be collected multiple times

Used in clinically challenging situations, such as from
children, physically challenged, or anxious patients in
whom blood sampling could be difficult to perform.

Saliva can be collected in various forms —

a) Unstimulated whole saliva,

b) Stimulated whole saliva

Unstimulated saliva is the secretion produced in the absence
of exogenous stimuli. Stimulated saliva is secreted as a

response to either masticatory or gustatory stimulations® In
salivary diagnostics, unstimulated saliva is often preferred
to the stimulated whole saliva because stimulated whole
saliva contains only a diluted concentration of biomarkers,
that may be difficult to detect ©.

SALIVA COLLECTION METHODS

There are various methods to collect the whole saliva such

as draining, spitting, suction, and absorbent methods 1.

Shannon (2008) has compared flow rates in a group of

subjects in different body positions i.e. standing position,

lying position, and sitting position, and concluded that it is
ideal to collect saliva, while the subject is sitting upright
with the head slightly tilted forward and the eyes open.®

e DRAINING METHOD /SPITTING METHOD:
The patient allows saliva to accumulate in the mouth
and then expectorate into a pre-weighed test tube
usually every 60 seconds for 5-15 minutes

e SUCTION METHOD: Aspirator or saliva ejector is
used to collect saliva from the mouth into a test tube.

e ABSORBENT METHOD: A preweighed gauze is
placed in the patient mouth for a predetermined amount
of time, following which the gauze is weighed again,
and the volume of saliva is determined.

BIOMARKERS’

According to The National Institutes of Health
Biomarkers Definitions Working Group, a biomarker is
defined as “a characteristic that is objectively measured
and evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic
responses to a therapeutic intervention.” According to
World Health Organization (WHO), a biomarker is
“any substance, structure, or process that can be
measured in the body or its products and influence or
predict the incidence of outcome or disease”

CHARACTERISTICS OF AN IDEAL BIOMARKER 8

e Should be Easy and inexpensive to measure in readily
available body fluids

e Should change as the current status of the disease
changes over time

e Should predict the recurrence of the disease, before
they are clinically detectable.
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BIOMARKERS IN BLOOD AND SALIVA 3

Blood, which contains molecular components, such as
enzymes, hormones, antibodies, and growth factors, is most
commonly used to detect biomarkers. But its main
drawback is the procedure of collecting and analyzing
blood, which is expensive and physically intrusive. Hence
saliva, an accessible fluid with a non-invasive extraction
method, which overcomes these drawbacks, is used as a
medium for biomarker assessment. Various biomarkers
detected in the blood serum are also found in saliva, but
their levels vary i.e. levels in serum are several-fold higher
than those found in saliva. But various biomarkers in saliva
are found to be more sensitive to certain diseases when
compared to serum. Example: Carcinoembryonic antigen
(CEA) is elevated in serum and saliva in oral cancer. But
salivary CEA is a more sensitive indicator. Hence, saliva is
considered as a potential alternative to blood.

BIOMARKERS IN EARLY CANCER DETECTION
Oral cancers in the advanced stage are detected by clinical
examination of the oral cavity®. But early-stage oral
carcinomas are frequently not diagnosed in time, because
even the microscopic level for progressive cancer can be too
late for successful intervention. Hence the biomarkers play
an important role in early cancer detection by reducing the
lethal outcome of this dangerous disease.

Potential salivary biomarkers for oral cancer detection
9,14,15,16

Table 1:
BIOMARKERS
Defensin-1
P53 autoantibody
IL-1
IL-6
IL-8
IL-1B
TNF-a
Cancer antigen 125
(CA125)
Carcinoembryonic
antigen (CEA)
Amylase

Lactic acid

Cadaverine

Alanine

Hypoxanthine

Methionine

e Reactive nitrogen

species — nitric oxide

(NO), nitrites (NO2),

nitrates (NO3)

Glutathione S-

transferase

Superoxide

dismutase

e 8-hydroxy-2-
deoxyguanosine

o Malondialdehyde

DNA P53 gene codon 63
mRNA IL8

MOLECULES
Peptide

Upregulated

Proteins Upregulated

Downregulated

Metabolites Upregulated

Oxidative .
stress-related
molecules .

Upregulated

Mutation

Increased

IL-6, IL-8, IL-1B, basic fibroblast growth factor, which is
involved in inflammation, are important biomarkers in
cancer detection and are found to be upregulated in oral
squamous cell carcinoma ® Salivary peptides such as CD59,
defensin-1, catalase proteins; and carcinoembryonic
antigen (CEA) are sensitive biomarkers in the detection of
oral cancer because of its high sensitivity and specificity for
oral cancer diagnosis. The sensitivity and specificity of
these salivary peptides are approximating 90% and 80%
respectively and for carcinoembryonic antigen (CEA),
which are inhibitors of apoptosis, the sensitivity and
specificity values are 76.4% and 80.4%, respectively.'* In
saliva, mutated salivary DNA at the p53 gene was found in
62.5% of oral cancer patients 1°. Salivary miRNA is used as
a biomarker to assess the progression of oral potentially
malignant disorders (OPMD) to OSCC '2. There is
increased expression of miR-708, miR-10b, miR-19a, miR-
30e, miR-26a, and miR-660 and decreased expression of
miR-99, miR-15a, miR-197, miR-145, and miR-150 in
saliva, which represents the malignant transformation of
oral potentially malignant disorders. 31* Stress alters the
salivary composition in OSCC patients. Reactive oxygen
species (ROS) and reactive nitrogen species (RNS) levels
are markedly increased in OSCC patients. 4

Salivary Biomarkers in Oral Diseases:

Salivary biomarkers can be useful for the diagnosis,
monitoring, and prognosis of various oral diseases such as
oral leukoplakia for its malignant transformation potential,
oral lichen planus, Oral Submucous Fibrosis, Medication-
Related Osteonecrosis of the Jaw, Sjogren’s syndrome,
Pemphigus, and Pemphigoid.

Oral Lichen Planus 51819.20.21

Biomarker Level in | Clinical implication
saliva
Cortisol Increased Diagnosis
Nitric Oxide, | Increased Prognosis
IL6
ILla Increased Immune and inflammatory
IL1B response modulator
IL8

Oral Leukoplakia 522232425

Biomarker | Salivary | Clinical Relevance
Levels
TNF- o Increased | Detection of malignant
TGFB transformation of leukoplakia into
osccC
IL6 Increased | Prognosis
IL8

Oral Submucous Fibrosis 2627

Biomarkers | Level in | Clinical implications
saliva

IgA Increased | Early  detection of  the
transformation process of OSMF
to oral carcinoma.

1gG Increased | Diagnosis

Total serum | Decreased | Prognosis

protein
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Pemphigus and Pemphigoid 2%2°

AUTOIMMUNE DISEASES 3541424445

Oral Biomarker Level in | Clinical Autoimmune Salivary Salivary Levels
Pathology saliva implications diseases biomarkers y
Pemphigus | Desmogleinl and | Increased | Diagnosis Multiple IgA levels Decreased
Desmoglein 3 sclerosis
Kallikrein Increased
Pemphigoid | 1gG and IgA Increased | Diagnosis Lactoferrin Increased
Sjogren’s Lysozyme C Increased
syndrome Amylase
o ) Carbonic Decreased
Medication-Related Osteonecrosis of the Jaw 5 303132 anhydrase Decreased
Plomerker Is_z:i\il\(/ef!\ " %I:IIii?iltions Sarcoidosis Interleuk!n-z Increased
Interleukin-6 Increased
ILla, ILIB, ILIRA, | Increased Diagnosis Rheumatoid TNF- a Increased
IL6, MMP9 arthritis IL1B Increased
CONCLUSION

Primary Sjogren Syndrome 5334

Biomarker Salivary Clinical implications
Levels

IL12, CD44, SP1, PSP, | Increased Diagnostic and

CA6 prognostic value

SALIVARY BIOMARKERS IN SYSTEMIC
COND'T'ONS 35,36,37,38,39,40
Diseases Salivary biomarkers iallvary
evels
rl?]::}?;lt;s e  Glucose Increased
e  Cortisol
Renal ° Nitrite
condition e  Alpha-amylase Increased
e Lactoferrin
e  Creatinine
e  Osteocalcin
Bone turnover *  Hepatocyte growth
markers factor _ Increased
e Interleukin-1-beta
e  Alkaline phosphatase
e  C-reactive protein
e Myoglobin
e  Creatinine kinase
myocardial band
Cardiovascular * Cardiac trop_o nins
diseases e Myeloperoxidase Increased
e  Tumor necrosis factor
o
e  Matrix
metalloproteinase—9
e Lysozyme
e  Cortisol
e q-amylase
e  Proinflammatory
- cytokines (IL-6, IL-1b,
gfryezt;ologlcal TNF- o) Increased
e  Catecholamines
(dopamine,

norepinephrine, and
epinephrine)

Saliva, the safest, non-invasive, cost-effective biofluid
consists of numerous biomarkers associated with various
diseases. Salivary levels of various biomarkers are known
to change in the presence of various diseases of the oral
cavity and are found to be useful for their diagnosis and
prognosis. Their evaluation in saliva offers clinicians a
valuable procedure as a complement to clinical findings.
Hence Saliva is a 'boon' in the field of diagnostics.
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