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Abstract
Objective: To review the current advancements in identifying and refining a panel of soluble sali‐
vary biomarkers for the early detection and prognosis of oral squamous cell carcinoma (OSCC)
and oral potentially malignant disorders (OPMDs). Methods: A comprehensive literature search
was conducted across the PubMed, Google Scholar, Web of Science, and Embase databases for
articles published between 2014 and 2024. Combinations of specific medical subject headings
(MeSH) and keywords—including ”oral cancer”, ”biomarker”, and ”whole mouth saliva”—were ap‐
plied using Boolean operators (AND/OR). Original studies, systematic reviews, and critical clinical
resources were scrutinized. Results: Saliva serves as a highly reliable, non‐invasive biofluid for liquid
biopsy. Over 100 molecular candidates, categorized into proteomic, genomic, transcriptomic, and
metabolomic targets, have demonstrated diagnostic significance. Combining single targets into a
multi‐biomarker panel (e.g., IL‐1β, IL‐6, and IL‐8) significantly increases diagnostic accuracy, though
oral inflammatory conditions (e.g., periodontitis) remain a primary confounding factor causing false‐
positive results. Conclusion: Human whole mouth saliva (WMS) holds immense clinical utility for
early diagnosis and treatment monitoring in oral oncology. High‐sensitivity detection platforms
show promise for transition into routine clinical dental practice, provided that standardized collec‐
tion and pre‐analytical protocols are globally implemented.
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1 INTRODUCTION

Oral malignancies present a profound clinical and economic challenge
to healthcare infrastructure globally. Among these, oral squamous cell
carcinoma (OSCC) representsmore than 90% of all diagnosed oral malig‐
nant presentations 1. The Indian subcontinent bears a disproportionate
share, accounting for roughly one‐third of the global disease burden,
largely driven by lifestyle dynamics and the extensive consumption of
tobacco‐related products1. The primary determinant of long‐term sur‐
vival in OSCC remains early diagnosis. Currently, tissue biopsy paired
with detailed histological evaluation is considered the diagnostic gold
standard 2. Despite its clinical authority, conventional biopsy is limited
by several drawbacks: it is invasive, painful, time‐consuming, and ex‐
pensive 2; it carries sample site limitations, potentially omitting key neo‐
plastic regions in presentations with multi‐focal lesions3; it introduces
clinical ambiguity when distinguishing early‐stageOSCC from look‐alike

oral potentially malignant disorders (OPMDs)3. To address these di‐
agnostic challenges, contemporary translational research has shifted
focus toward liquid biopsies. Whole mouth saliva (WMS) has emerged
as a major diagnostic medium for applications in genomics, transcrip‐
tomics, proteomics, and metabolomics4. While analyte concentrations
are frequently lower in saliva than in serum, the close anatomical prox‐
imity of saliva to developing oral lesions permits the direct shedding of
tumor components. This review evaluates the utility, collection method‐
ologies, and contemporary molecular landscape of salivary biomarkers
configured for the early identification of oral malignancy.

2 MATERIAL ANDMETHODS

An exhaustive review of published biomedical literature was con‐
ducted to assess the diagnostic accuracy and clinical feasibility of
salivary biomarkers. Search Strategy and Database Selection: Elec‐
tronic searches were executed across four primary databases: PubMed,
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Google Scholar, Web of Science, and Embase. The search temporal
window was restricted to a 10‐year period (2014–2024) to prioritize
contemporary technological and molecular advancements. Keyword
Combinations and Logic: The search utilized explicit combinations of
keywords and Medical Subject Headings (MeSH) coupled with Boolean
operators (AND, OR): (”oral cancer” OR ”oral squamous cell carcinoma”
OR ”OSCC”) AND (”biomarker” OR ”tumor marker” OR ”salivary pro‐
teome”) AND (”whole mouth saliva” OR ”unstimulated saliva”). Inclusion
and Exclusion Criteria: Articles selected for full‐text screening included
peer‐reviewed original laboratory research, randomized controlled tri‐
als, diagnostic accuracy studies, cohort studies, systematic reviews, and
meta‐analyses. Non‐peer‐reviewed white papers, letters to the editor
without primary data, and studies missing precise control cohorts were
excluded.

3 REVIEW AND DISCUSSION

Salivary Proteomics: Methodological Frameworks. Proteomics encom‐
passes the large‐scale analysis of proteins, which provide functional real‐
time data regarding gene expression and cellular pathway modulation
during tumorigenesis5. In clinical saliva investigations, two distinct pro‐
teomic workflows are utilized6: 1. Top‐Down Approach: Interrogates
intact proteins and intact peptides directly from raworminimally altered
samples without prior chemical or proteolytic digestion. 2. Bottom‐
Up Approach: Employs enzymatic digestion (typically using trypsin) to
convert complex protein mixtures into peptide fragments before per‐
forming Mass Spectrometry (MS) analysis. . Salivary components can
be structurally evaluated across the broader proteome or the smaller
peptide fraction (peptidome)6,7. Gel‐based techniques (such as 2D Elec‐
trophoresis) resolve highly abundant proteins (e.g., mucins, statherins,
histatins), whereas gel‐free liquid chromatography‐mass spectrometry
(LC‐MS) profiles low‐abundance tumor‐specific biomarkers. Compara‐
tive Biological Characteristics of Human Saliva. WMS is composed of
secretions from the parotid, submandibular, sublingual, and minor sali‐
vary glands, combinedwith cellular debris, serum transudates (crevicular
fluid), and local microflora. An adult healthy human maintains a mean
unstimulated salivary flow rate of approximately 0.5 mL/min, secreting
between 1.0 to 1.5 L daily. Saliva offers distinct biological and practi‐
cal advantages compared to traditional blood or urine sampling: Non‐
Invasive Collection: Minimizes patient anxiety and coordinates safely
with pediatric, geriatric, or needle‐phobic patient groups. Low Initial
Complexity: Contains significantly lower salt concentrations relative to
urine, and lacks the overwhelming abundance of systemic masking pro‐
teins (like serum albumin and immunoglobulins) that often complicate
blood‐based proteomic profiling. Direct Cargo Ingestion: Neoplastic
cells arising from the oral mucosal epithelium shed direct molecular
cargo directly into the biological fluid environment, optimizing screen‐
ing yield 6,17. Standardization of Salivary Sample Collection. The primary
logistical limitation preventing regular clinical implementation of saliva‐
based diagnostics is a historical lack of pre‐analytical standardization10.

Salivary profiles vary drastically depending on the collectionmechanism:
UnstimulatedWhole Saliva (USWS): Collected via passive drooling or ba‐
sic spitting. USWS contains a elevated concentration of serum‐derived
proteins and local inflammatory mediators, but spitting collection meth‐
ods are prone to higher bacterial contamination10. Stimulated Whole
Saliva (SWS): Collected following physiological induction (e.g., chew‐
ing on paraffin wax, gum, or citric acid application). SWS yields higher
volumetric rates with elevated concentrations of glandular electrolytes
(sodium, bicarbonate), but dilutes lower‐abundance systemic and tumor‐
derived biomarkers 6. To minimize biochemical variance, clinical sam‐
pling protocols must be strictly controlled: Pre‐collection Restrictions:
Patients must abstain from oral hygiene procedures, food ingestion,
and fluid intake for a minimum of 1 hour prior to screening10. Tem‐
poral Control: Sampling should optimally occur between 8:00 AM and
10:00 AM to minimize the confounding effects of circadian rhythms on
protein secretion. Pre‐cleansing: A 1‐minute oral rinse with distilled wa‐
ter must be executed 5 minutes before active collection. Preservation
Protocols: Samples must undergo immediate chemical stabilization or
biochemical processing within 1 hour to prevent rapid enzymatic degra‐
dation by local proteases. Chemical additions such as sodium azide () are
commonly utilized to arrest bacterial overgrowth and stabilize fragile
protein structures13. Several clinical devices have been validated to op‐
timize pre‐analytical recovery and room‐temperature storage stability,
including RNAPro™, SimplOFy™, OraGene™, Salivette®, Quantisal®,
and SuperSAL™6,10. Furthermore, Direct Saliva Transcriptome Analysis
(DSTA) enables direct room‐temperature mRNA detection without re‐
quiring immediate isolation steps9. . Molecular Landscape of Salivary
Biomarkers. More than 100 molecular entities have demonstrated sta‐
tistical significance as potential markers for oral oncogenesis. These
candidates span multiple biomolecular tiers: 1. Tumor Markers and
Cellular DNA Modifications. Somatic genetic alterations driven by car‐
cinogens (tobacco, betel quid, alcohol, or viral vectors like HPV‐16/18
and EBV) manifest as circulating tumor DNA (ctDNA) or mitochondrial
DNA (mtDNA) variants in saliva18,35. Mutations within the p53 tumor
suppressor gene are detectable in up to 71% of saliva specimens col‐
lected from active OSCC patients18. Similarly, elevated concentrations
of mitochondrial DNA fragments (specifically Cox I and Cox II genes)
serve as indicators of cellular transformation, independent of confound‐
ing factors like age or smoking history37. 2. Messenger RNA (mRNA)
andMicroRNA (miRNA) Transcripts. Salivary transcriptomics represents
a highly sensitive platform for detecting early malignant transformation.
Key diagnosticmRNAs include38: DUSP1 (Dual Specificity Phosphatase
1): Involved in the mitogen‐activated protein kinase (MAPK) signal‐
ing pathway. Hypermethylation of the DUSP1 promoter frequently
silences expression during early oral carcinogenesis39. H3F3A (H3 His‐
tone Family 3A): Functions as a nuclear structuralmarker reflecting rapid
cell proliferation 18. IL‐8 and IL‐1B: Cytokine transcripts regulating tu‐
mor angiogenesis and inflammatory signaling. Among small non‐coding
transcripts, microRNAs are remarkably stable targets due to their re‐
sistance to ribonuclease degradation. While miR‐125a and miR‐200a
exhibit significant downregulation in OSCC cohorts, miR‐31 displays
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F I GUR E 1 Methodological frameworks for salivary proteomic analysis.

F I GUR E 2 Salivary biomarker processing pipeline

marked upregulation across all progressive stages of squamous cell car‐
cinoma, making it an excellent candidate for early‐stage screening18,38.
3. Soluble Proteins and Inflammatory Cytokines. The local inflamma‐
tory microenvironment of an oral tumor drives systemic and localized
protein alterations. Pro‐inflammatory cytokines, including Interleukins

(IL‐1β, IL‐6, IL‐8) and Tumor Necrosis Factor‐alpha (TNF‐α), are signif‐
icantly elevated in both the saliva and serum of OSCC patients28,31.
These molecules track closely with increasing tumor volume and re‐
gional metastatic progression. Other critical proteomic markers include:
Matrix Metalloproteinases (MMP‐2, MMP‐9): Enzymes responsible for

TAB L E 1 Comparison of Salivary Biomarker Categories and Diagnostic Utility
Biomarker Category Specific Molecular Targets Primary Clinical Manifestation / Diagnostic Utility References
Genomic / DNA p53 Mutations, ctDNA, Cox I/II mtDNA Early detection of genomic instability; tracks somatic mutation profiles and tumor heterogeneity. [[REF:18, 34, 37]]
Transcriptomic (mRNA) DUSP1, H3F3A, IL‐1B, IL‐8, SAT Identifies promoter hypermethylation, epigenetic silencing, and accelerated nuclear proliferation. [[REF:9, 18, 38, 39]]
Transcriptomic (miRNA) miR‐31 (Upregulated), miR‐125a / miR‐200a (Downregulated) Stage‐independent screening; differentiates poorly differentiated carcinomas due to high transcript stability. [[REF:18, 38, 40]]
Proteomic (Cytokines) IL‐1β, IL‐6, IL‐8, TNF‐α, VEGF Correlates with local tumor burden, aggressive neoangiogenesis, and post‐treatment recurrence tracking. [[REF:28, 30, 31]]
Proteomic (Enzymes/Structural) MMP‐2, MMP‐9, LDH, Soluble CD44, MRP14, Tetranectin Indicates basement membrane degradation, metabolic shifts (glycolysis), and lymph node metastasis (Tetranectin downregulation). [[REF:29, 32, 48, 50]]
Metabolomic / Inorganic Altered Na, Ca, P, Mg ions; 57 distinct primary organic metabolites Evaluates local oxidative stress status and shifted salivary electrolyte balances. [[REF:27, 41, 44]]
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extracellular matrix degradation, facilitating local invasion and vascular
migration. CD44 (Soluble): Cell‐surface glycoprotein involved in cell‐to‐
cell adhesion and tumor metastasis, noted for its significant elevation in
oral rinses of head and neck cancer cohorts29. Mac‐2‐Binding Protein
(M2BP) &MRP14: Calcium‐binding proteins demonstrating a diagnostic
sensitivity of 90% and specificity of 83% in targeted cancer detection
trials 32. Lactate Dehydrogenase (LDH): An enzyme involved in anaero‐
bic glycolysis. Salivary LDH levels are consistently elevated in OPMDs
(e.g., oral submucous fibrosis and leukoplakia) and OSCC, serving as
an indicator of cellular injury and membrane breakdown48,49. . Transla‐
tional Challenges and Clinical Frameworks. While the scientific utility
of salivary screening is clear, translating these findings into routine
dental practice requires addressing key diagnostic challenges: The Con‐
founding Role of Local Inflammation: The primary barrier to clinical
validation of salivary oncology biomarkers is the overlapping molecular
expression observed in common oral inflammatory pathologies. Chronic
adult periodontitis, extensive dental caries, periapical infections, and
oral lichen planus stimulate localized releases of IL‐1β, IL‐6, IL‐8, CRP,
and MMPs 10,15. Because many diagnostic studies evaluate OSCC co‐
horts against perfectly healthy control groups, they often overlook
these inflammatory overlaps. This lack of validation against benign in‐
flammatory controls can result in false‐positive outcomes in standard
clinical settings. Transitioning to Biomarker Panels: Relying on a single
isolated biomarker is insufficient to manage the spatial and intratumoral
heterogeneity of oral squamous cell carcinoma. Diagnostic precision is
significantly enhanced by utilizing multi‐analyte validation matrices. For
example, a combined panel featuring IL‐1β, IL‐6, and IL‐8 demonstrates
excellent diagnostic sensitivity and specificity, providing a reliable strat‐
egy for distinguishing OPMDs from true malignant lesions52. Advanced
Diagnostic Technologies: To transition these panels to point‐of‐care clin‐
ical tools, researchers are pairing them with high‐throughput diagnostic
platforms 6: Proteomics: Multiplex ELISA arrays and quantitative liq‐
uid chromatography‐tandem mass spectrometry (LC‐MS/MS) allow for
the simultaneously absolute quantification of multiple low‐abundance
proteins 6. Genomics/Transcriptomics: Quantitative polymerase chain
reaction (qPCR) and high‐density oligonucleotide microarrays (such as
the Human Oral Microbe Identification Microarray ‐ HOMIM) facili‐
tate rapid transcriptomic andmicrobiome classification6. Metabolomics:
Capillary electrophoresis time‐of‐flight mass spectrometry (CE‐TOFMS)
accurately identifies shifts in the metabolic profiles of oral cancers44.

4 CONCLUSION

Human saliva represents an exceptionally promising diagnostic biofluid
for liquid biopsy, combining non‐invasive collection with a rich array of
real‐time molecular data. For effective integration into routine clinical
dental setups, future researchmust prioritize large‐scale validation trials
that test biomarker panels against benign oral inflammatory conditions.
Establishing standardized, universally accepted pre‐analytical collection

and stabilization frameworks will be essential to translate salivary diag‐
nostics from a translational research platform into a reliable clinical tool 
for early oral cancer detection.
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