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Abstract

Oral cancer, the most prevalent cancer worldwide, is far more likely to occur after the age of forty-five, according

to the World Health Organization. Although many biomarkers have been discovered over the years using non-
invasive saliva samples, biopsies, and human blood, these biomarkers have not been incorporated into standard
clinical practice. Investigating the function of microRNAs (miRNAs) in the diagnosis, aetiology, prognosis, and
treatment of oral cancer has drawn more attention in recent years. Though salivary microRNA can act as a window
into the molecular environment of the tumour, there are challenges due to the heterogeneity of oral squamous
cell carcinoma (OSCQ), diversity in sample collection, processing techniques, and storage conditions. The up and
downregulation of miRNAs has been found to have a profound role in OSCC as it regulates tumour stages by
targeting many genes. As a result, the regulatory functions of miRNAs in OSCC underscore their significance in the
field of cancer biology. Salivary miRNAs are useful diagnostic and prognostic indicators because their abnormal
expression profiles shed light on tumour behaviour and patient prognosis. In addition to their diagnostic and
prognostic value, miRNAs hold promise as therapeutic targets for oral cancer intervention. The current review sheds
light on the challenges and potentials of microRNA studies that could lead to a better understanding of oral cancer
prognosis, diagnosis, and therapeutic intervention. Furthermore, the clinical translation of OSCC biomarkers requires
cooperation between investigators, physicians, regulatory bodies, and business partners. There is much potential for
improving early identification, tracking therapy response, and forecasting outcomes in OSCC patients by including
saliva-based miRNAs as biomarkers.
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Introduction

A crucial global health concern is oral cancer, which
is categorized under general oral cancer groups. It is
expected to have an annual incidence of over 300,000
cases and causes over 170,000 deaths annually, making
it the sixteenth most prevalent cancer globally. These
malignancies affect the gums, tongue, lips, floor of the
mouth, and other oral cavity components [1]. These
malignancies affect the gums; as per the WHO, the risk
of oral cancer increases significantly beyond the age of
forty-five. Additionally, the five-year survival rates dif-
fer significantly based on the stage of cancer diagno-
sis. Eighty per cent of patients with a stage I survive for
five years, while only twenty per cent of patients with a
stage III or IV has about five years of survival period [2].
Although many biomarkers have been discovered over
the years using non-invasive saliva samples, biopsies, and
human blood, these biomarkers have not been incorpo-
rated into standard clinical practice.

Recently, increased interest in studying microRNAs
(miRNAs) and their role in oral cancer’s aetiology, diag-
nosis, prognosis, and therapy. Small RNA molecules
known as miRNAs are crucial for regulating post-tran-
scriptional genes because they are non-coding. Their
method is binding to the 3’ untranslated region of the
target mRNAs, which results in mRNA destruction or
translational repression. Oral cancer is among the can-
cers where miRNA dysregulation has been connected, as
miRNAs can function as oncogenes or tumour suppres-
sors [3].

Numerous bodily fluids contain these miRNAs, such
as blood, urine, and saliva. Saliva is unique among these
biological samples because of its practical and non-inva-
sive collection technique with significant advantages.
It is inexpensive, simple to gather, and provides numer-
ous sample opportunities—all of which are especially
helpful for tracking the course of the disease and how
well a medication works. Furthermore, saliva collection
improves healthcare personnel’s safety by decreasing the
chance of infectious agent transmission. Salivary biomol-
ecules have demonstrated potential as a reliable diagnos-
tic agent for identifying hormonal imbalances, genetic
diseases, and a variety of cancers. They have a great deal
of promise for highly reliable monitoring of prognosis,
illness development, and systemic health [4].

The direct interaction of saliva with oral cancers
improves its detection capacity. Saliva can act as a win-
dow into the molecular environment of the tumour due
to the presence of microRNA markers and other cellular
and molecular changes associated with the tumour. Due
to their critical involvement in gene regulation, miR-
NAs have emerged as significant biomarkers for several
malignancies, including OSCC (oral squamous cell car-
cinoma). MiRNAs’ stability, endurance, and quantitative
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measurability in saliva make them reliable indicators of
the onset and progression of cancer [3]. Recent techno-
logical advances have made it feasible to identify specific
miRNA patterns in saliva that correspond with OSCC.
This capability offers a promising new path for early
prognosis, diagnosis, and therapy response monitoring in
patients with oral cancer.

The use of saliva-based miRNA diagnostics in clini-
cal settings could completely change how oral cancer
is treated. These diagnostics can potentially improve
patient outcomes by enabling earlier detection and more
precise prognostication, thereby changing the paradigm
in healthcare from reactive to proactive. It is imperative
since early detection dramatically improves long-term
survival and successful treatment prospects. Addition-
ally, developing targeted therapeutics may be guided by
understanding the molecular pathways behind oral can-
cer that saliva-based miRNA signatures can offer. There
are still several obstacles to these encouraging advances.
Standardization of saliva collection and miRNA detec-
tion techniques is crucial to guarantee accuracy and
reproducibility in various therapeutic contexts.

Furthermore, more extensive research is required to
determine the most reliable biomarkers for oral cancer
and confirm the clinical usefulness of particular miRNA
signatures. Effectively incorporating saliva-based miRNA
diagnostics into standard clinical practice will depend
on how these issues are resolved. The transformational
promise of this burgeoning subject will be highlighted
as this review delves into the scientific underpinning,
detection methodologies, clinical research, advantages,
limitations, and future potential of saliva-based miRNA
diagnostics in oral cancer.

Overview of the current biomarkers for OSCC

One of the most prevalent types of oral cancer is oral
squamous cell carcinoma (OSCC), for which early diag-
nosis is essential for better prognosis of the patient.
Numerous biomarkers, such as DNA methylation indi-
cators, non-coding RNAs like microRNAs (miRNAs),
and protein biomarkers have been identified for diag-
nosis and prognosis of OSCC. Protein biomarkers, such
as p53, a tumor suppressor protein that is often altered
in OSCC and associated with a poor prognosis, have
attracted a lot of attention in many studies [5-9]. Simi-
larly, increased expression of EGFR (Epidermal Growth
Factor Receptor) has been associated with poor survival
rate and tumor development in OSCC [10]. Cyclin D1,
protein that’s important for controlling the cell cycle, was
observed to be often overexpressed and many literatures
associated the overexpression of cyclin D1 to aggressive-
ness of the lesion [11]. DNA methylation indicators have
demonstrated promise in OSCC diagnosis in addition to
proteins. Genes like p16 and DAPKI1 frequently exhibit
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aberrant methylation patterns. The prognosis of OSCC
has been associated to hypermethylation of the pl6
gene promoter region, indicating increased expression
of DAPKI1 (Death-Associated Protein Kinase 1) to poor
prognosis [12, 13].

MicroRNAs, or miRNAs, have become a promising
biomarker for OSCC diagnosis and prognosis in recent
years. Small non-coding RNA molecules known as miR-
NAs control the expression of genes and are essential
to many biological processes in carcinogenesis. miR-21
is one valid predictive and prognostic biomarker since
its overexpression in OSCC has been demonstrated to
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stimulate tumor growth, invasion, and treatment resis-
tance [13-15]. Similarly, miR-375 is usually downregu-
lated in OSCC and has been associated to advanced
tumor stages and poorer prognoses [15, 16] (Table 1).
Number of studies has been conducted with saliva as
sample for miRNA analysis in OSCC because of its
non-invasive nature to collect and also that miRNAs
are very stable in body fluids [13]. MiRNAs especially
those detectable in saliva, offer a novel and promising
strategy for non-invasive OSCC biomarker research,
even if protein and DNA methylation markers also offer
valuable diagnostic and prognostic information. By

Table 1 MicroRNAs involved in oral squamous cell carcinoma (OSCC)

S.no miRNA Role in OSCC Mechanism Regulation References
1. miR-21 Promotes cell proliferation and survival ~ Targets tumor suppressor genes (TSG) PTEN and  Upregulated [171
PDCD4
2. miR-155 Inhibits apoptosis Targets pro-apoptotic genes Upregulated (18]
3. miR-31 Facilitates tumor invasion and Targets genes involved in cell adhesion and Upregulated [19]

metastasis extracellular matrix breakdown to regulate the
epithelial-mesenchymal transition (EMT).
4. miR-10b Promotes metastasis Targets genes related to the breakdown of extra- ~ Upregulated [20]
cellular matrix and cell adhesion
5. miR-210 Promotes angiogenesis Upregulated under hypoxic conditions, targets Upregulated [21]
angiogenic pathway genes
6. miR-375 Correlates with advanced tumor stages Targets PDK1, leading to suppressed tumor Downregulated  [22]
and poorer outcomes growth
7. miR-196a Associated with increased tumor ag- Mechanism not fully elucidated, but linked to Upregulated [23]
gressiveness and poor survival rates tumor progression
8. miR-99a Associated with tumor progression Targets mTOR signaling pathway components Downregulated  [24]
9. miR-100 Linked to poor prognosis Targets mTOR signaling pathway components Downregulated  [24]
10. miR-34a Inhibits OSCC cell growth Mimics function as tumor-suppressive miRNAs Downregulated  [25]
11. miR-200c Inhibits EMT and metastasis Targets ZEB1 and ZEB2, which are EMT regulators ~ Downregulated  [26]
12. miR-21-5p Promotes tumor growth and invasion  Targets PTEN, which causes the PI3K/AKT pathway Upregulated (27]
to be activated.
13. miR-146a Modulates inflammatory response and  Targets IRAKT and TRAF6, which are part of the Downregulated  [28]
cell proliferation NF-kB pathway.
14. miR-124 Suppresses tumor growth and invasion  Targets CDK6, leading to cell cycle arrest Downregulated  [29]
15. miR-204 Inhibits proliferation and metastasis Targets BCL2 and promotes apoptosis Downregulated  [30]
16. miR-17-92 Promotes cell proliferation and survival ~ Targets several TSGs, including PTEN and TGFBR2  Upregulated (31]
cluster
17. miR-221/222  Enhances proliferation and invasion Targets p27Kip1 and TIMP3, which are involved in ~ Upregulated (32]
inhibiting invasion and regulating the cell cycle
18. miR-205 Inhibits EMT and promotes epithelial ~ Targets ZEB1 and ZEB2 Downregulated  [33]
phenotype
19. miR-23b Inhibits the growth and invasion of Targets MET and induces cell death Downregulated  [34]
cells
20. miR-191 Promotes cell proliferation and Targets TIMP3 and CDK6 Upregulated (35]
invasion
21. miR-203 Suppresses tumor growth and EMT Targets Src and promotes cell differentiation Downregulated  [36]
22. miR-7 Inhibits cell proliferation and Targets EGFR and RAF1 Downregulated  [37]
metastasis
23. miR-26a Inhibits cell proliferation Targets EZH2 and promotes apoptosis Downregulated  [38]
24, miR-29b Inhibits EMT and metastasis Targets MMP2 and MMP9, which are involved in Downregulated  [39]
matrix degradation
25. miR-125b Prevents the invasion and proliferation  Targets MMP13 and induces apoptosis Downregulated  [40]

of cells
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interdisciplinary research techniques, these biomarkers
must be validated, confirmed and incorporated into clini-
cal practice. The role of miRNAs in OSCC has grown in
terms of pathogenesis, metastasis, and resistance to ther-
apeutic agents [41].

Potential of MiRNA biomarkers in 0SCC

MiRNA can interact with genes to change their expres-
sion, impacting essential biological processes such as
cell cycle regulation, apoptosis, migration, invasion, and
angiogenesis [42]. MiR-21, acts as a critical link in onco-
genesis and inversely correlated with TSGs such as PTEN
and PDCD4. MiR-155 exerted a pro-metastatic effect on
ARID2 (AT-rich interaction domain 2) by significantly
suppressing its protein level and controlling the biologi-
cal conduct of OSCC. MiRNAs regulate the intrinsic and
extrinsic pathways of apoptosis, and a faulty apoptotic
pathway may be brought on by the dysregulation of miR-
NAs [43]. MiRNAs like miR-31 and miR-10b have been
shown to modulate the EMT (Epithelial mesenchymal
transition), involving extracellular matrix breakdown and
cell adhesion, which is an essential stage in cancer metas-
tasis. Angiogenesis is necessary for a tumour’s growth,
and dissemination is also regulated by MiR-210, which
targets genes linked to angiogenic pathways in hypoxic
environments [44].

Advanced tumour stages and poor patient outcomes
are correlated with miR-375, which is typically down-
regulated in OSCC and targets the 3° UTR of PDK1 [45].
Similarly, low survival rates are associated with miR-
196a, which is often upregulated and associated with
increased tumour aggressiveness and may be a prognos-
tic marker. miR-100 and miR-99a, which are both down-
regulated in OSCC and target elements of the mTOR
signalling pathway, are linked to cancer growth and a
poor prognosis [1].

Since miRNAs can be targets for innovative therapies.
MiRNA mimics like miR-34a mimic are introduced to
bring back the function of tumour-suppressive miR-
NAs, which have shown promise in preclinical trials
by decreasing OSCC cell proliferation by modulating
miRNA levels. Furthermore, oncogenic miRNAs can
be silenced with miRNA inhibitors, such as antagomirs
or locked nucleic acid (LNA) inhibitors [46]. Of these,
inhibitors of miR-21 are effective in decreasing tumour
development and increasing OSCC cell sensitivity to
chemotherapy. Oncogenic miRNAs can also be reserved
by miRNA sponges, RNA molecules engineered to trap
particular miRNAs and stop them from interacting with
their target mRNAs [47].

Salivary MicroRNA in OSCC
The regulatory functions of miRNAs in OSCC under-
score their significance in the field of cancer biology. They
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are useful diagnostic and prognostic indicators because
their abnormal expression profiles shed light on tumour
behaviour and patient prognosis. Salivary microRNAs
(miRNAs) have been found to originate from OSCC tis-
sues, providing a non-invasive means of detecting these
biomarkers in patients with oral cancer [48]. Significant
promise exists for enhancing OSCC diagnosis and treat-
ment outcomes by saliva-based miRNA profiling. Fur-
ther investigation into the complex networks of miRNA
regulatory profiles and their identification in saliva is
expected to provide new insights into OSCC pathogen-
esis and lead to the development of innovative treatment
approaches [49].

Studying salivary miRNAs has become increasingly
attractive for oral squamous cell cancer (OSCC) (Table 2).
The potential of miRNAs in saliva for non-invasive can-
cer diagnosis, especially for OSCC, has drawn interest in
recent years (Fig. 1). The strategy takes advantage of the
fact that miRNAs are stable in saliva and indicate the dis-
ease of the oral cavity, which qualifies them as good can-
didates for OSCC early identification and tracking [55].

One of the main reasons salivary miRNAs are consid-
ered potential biomarkers is their exceptional stability
[56]. Although primarily produced by salivary gland cells,
saliva can contain molecules from systemic circulation,
making it a valuable biofluid for non-invasive diagnos-
tics [57, 58]. Of all body fluids saliva/ whole mouth fluid,
which is considered to be the most non-invasive and easy
to collect. Since saliva is largely derived from the systemic
circulation, its biochemical composition and properties
are closely analogous to those of blood. Furthermore,
miRNAs can bind to RNA-binding proteins like AGO2
(Argonaute 2) to form complexes that protect them from
being broken down by nucleases. Due to these defense
mechanisms, miRNAs in saliva are preserved and observ-
able, which makes them trustworthy options for the iden-
tification of biomarkers. Their ability to withstand being
exposed to a biological fluid that is easily accessible facili-
tates their application in the early identification, diagno-
sis, and prognostication of OSCC. This presents a viable
substitute for more intrusive biopsy-based methods [59].

Differentially expressed salivary miRNAs between
OSCC patients and healthy individuals have been found
in multiple investigations. For instance, it has been
repeatedly observed that OSCC has elevated levels of
miR-21, one of the miRNAs investigated the most in can-
cer research, which targets TSGs like PTEN and PDCD4
and enhances cell survival and proliferation [60, 61].
MiR-31, on the other hand, is increased in OSCC and
promotes tumour invasion and metastasis by controlling
the process of the EMT, which includes modifications to
cell adhesion and extracellular matrix breakdown [62].

The aggressiveness and tumour progression in OSCC
have been associated with another miRNA, miR-184,
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Table 2 Salivary microRNAs associated with oral squamous cell carcinoma (OSCC)
miRNA Sample type Role in OSCC Mechanism Regulation References
miR-21 Whole saliva Promotes cell proliferation and Targets TSG, PTEN and PDCD4 Upregulated [50]
survival
miR-31 Whole saliva Facilitates tumor invasion and Regulates EMT by targeting genes involved  Upregulated (51]
metastasis in cell adhesion and ECM degradation
miR-184 Saliva Associated with tumor progression Targets AKT2, affecting cell proliferation and  Upregulated [52]
supernatant and aggressiveness apoptosis
miR-125a Saliva Suppresses tumor growth Targets ERBB2, affecting cell proliferation Downregulated  [52]
supernatant
miR-200a Whole saliva Inhibits EMT and metastasis Targets ZEB1 and ZEB2, which are EMT Downregulated  [50]
regulators
miR-146a Saliva Modulates inflammatory response Targets TRAF6 and IRAK1, involved in NF-kB  Downregulated  [53]
supernatant and cell proliferation pathway
miR-139 Whole saliva Suppresses tumor growth and Targets MMP11, affecting cell migration Downregulated  [54]
invasion
miR-372 Saliva Promotes cell proliferation Targets LATS2, affecting Hippo signaling Upregulated (54]
supernatant pathway
miR-155 Whole saliva Inhibits apoptosis Targets pro-apoptotic genes Upregulated [50]
miR-9 Saliva Promotes cell migration and invasion  Targets E-cadherin, affecting cell adhesion Upregulated [53]
supernatant
miR-24 Whole saliva Associated with tumor aggressiveness  Targets Bim, affecting apoptosis Upregulated [51]
miR-27b Saliva Suppresses cell proliferation Targets MYC, affecting cell cycle progression  Downregulated  [54]
supernatant
miR-142-3p  Whole saliva Inhibits cell proliferation and Targets CDK4, affecting cell cycle regulation  Downregulated  [52]
migration
miR-486-5p  Saliva Correlates with advanced tumor Targets OLFM4, affecting cell adhesionand ~ Downregulated  [51]
supernatant stages invasion
miR-191 Whole saliva Promotes cell proliferation and Targets TIMP3 and CDK6 Upregulated [50]
invasion
miR-203 Saliva Suppresses tumor growth and EMT Targets Src, promoting cell differentiation Downregulated  [53]
supernatant

which affects cell division and death by targeting the
AKT?2 gene. The saliva of OSCC patients likewise exhibits
a substantial upregulation of this miRNA. On the other
hand, the downregulated miR-125a in OSCC functions as
a tumour suppressor by blocking the growth of cells via
targeting the ERBB2 gene [63]. By focusing on ZEB1 and
ZEB2, important EMT regulators, the downregulation
of miR-200a in OSCC also aids in suppressing EMT and
metastasis. The development of OSCC depends on con-
trolling inflammation and the immunological response,
and miR-146a is involved in both processes [64]. It is
usually downregulated in OSCC and targets TRAF6 and
IRAK1, components of the NF-kB pathway, to influence
the inflammatory response and cell proliferation.

Similarly, OSCC has downregulated miR-139, which
targets MMP11 and inhibits tumour development and
invasion by influencing cell movement [65]. Another
interesting miRNA is miR-372, which is increased in
OSCC and targets LATS2, a part of the Hippo signal-
ling system, to encourage cell proliferation. Conversely,
miR-27b, suppressed in OSCC, targets the MYC gene to
inhibit cell proliferation, affecting the cell cycle’s progres-
sion [66].

MiR-9, which targets E-cadherin and is elevated in
OSCC, also influences the control of cell invasion and
migration in this situation. Furthermore, by targeting
the pro-apoptotic gene Bim, miR-24, which has been
connected to tumour aggressiveness, is elevated and
influences apoptosis. Other notable miRNAs in OSCC
include miR-142-3p and miR-486-5p, which are also
downregulated [67]. Targeting the critical cell cycle regu-
lator CDK4, miR-142-3p prevents cell proliferation and
migration, whereas miR-486-5p, which targets the gene
OLFM4, which is involved in cell adhesion and invasion,
is correlated with advanced tumour stages [68]. More-
over, OSCC has increased expression of miR-191, which
targets TIMP3 and CDK®6 to encourage cell invasion and
proliferation. On the other hand, OSCC has downregu-
lated miR-203, which inhibits tumour growth and EMT
by targeting Src and promoting cell differentiation [69].

Saliva sample types

Cellular miRNAs found in saliva/whole mouth fluid are
produced from immune cells, salivary gland secretions,
and exfoliated oral mucosa cells. These miRNAs are
pivotal for diseases like OSCC [70], as they can offer a
broad picture of the molecular landscape within the oral
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Fig. 1 Schematic representation of salivary miRNAs associated with the hallmarks of cancer in OSCC

cavity. When these miRNAs attach to the 3’ untranslated
regions (3° UTRs) of messenger RNAs (mRNAs), they
cause translational repression or mRNA degradation.
These miRNAs are released during cellular processes like
death and secretion. In the oral cavity, this mechanism is
essential for controlling oncogenic and tumor-suppres-
sive pathways [71, 72].

Saliva, on the other hand, contains miRNAs, which rep-
resent localized and systemic cancer-related molecular
alterations [73]. To prevent RNAse-mediated degrada-
tion, these extracellular miRNAs are frequently encap-
sulated in EVs or linked to proteins such as Argonaute-2
(Ago2). Saliva is a useful tool because of its abundance in
extracellular miRNAs, which reduces the possibility of
cellular miRNA contamination. The extracellular miR-
NAs in saliva supernatant, such as miR-21, miR-31, and
miR-184, have been implicated in disease progression by
targeting genes involved in cellular proliferation, apopto-
sis, and EMT [74]. miR-31 plays a dual role by enhanc-
ing invasion and metastasis through pathways like PI3K/
AKT and modulating cellular migration via EMT regula-
tory genes [75, 76].

The encapsulation of extracellular miRNAs in vesicles,
such as exosomes, facilitates their stability in saliva and
permits efficient intercellular signaling, potentially serv-
ing as cancer biomarkers [77, 78]. By modifying gene
expression in recipient cells, these miRNAs can con-
tribute to the pathogenesis of OSCC. By modifying gene
expression in recipient cells, these miRNAs can contrib-
ute to the pathogenesis of OSCC. As a result, determining
the miRNA concentration in saliva supernatant provides
a focused method for comprehending the molecular
mechanisms underlying OSCC and makes it easier to
identify particular miRNAs linked to the advancement of
the illness and resistance to treatment.

MicroRNA quantification techniques

The highly sensitive technique of qRT-PCR makes it pos-
sible to precisely quantify the miRNAs implicated in the
evolution of OSCC. A more comprehensive perspective
is made possible by next-generation sequencing (NGS),
which profiles the full miRNA transcriptome and finds
novel miRNAs like miR-184 and miR-125a that contrib-
ute to the pathophysiology of OSCC. By blocking FIH-
1, which raises HIF-1a activity and supports cancer cell
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viability under hypoxia, miR-184 supports OSCC. Tumor
suppressor miR-125a controls apoptosis; its downregula-
tion accelerates the growth of OSCC [79]. This method
sheds light on the intricate regulation of biological pro-
cesses like metastasis, apoptosis, and proliferation.

The assessment of therapy responses and OSCC
progression can be aided by tracking the dynamics of
miRNA throughout time. The EMT-inhibiting miR-200a
is essential for preventing metastasis. The degree of its
expression can be tracked during therapy to evaluate
the effectiveness of the medication. On the other hand,
miR-155 and miR-372, associated with more aggressive
tumor characteristics, contribute to oncogenesis by their
inhibition of apoptosis and targeting of tumor suppressor
genes, respectively. Their expression functions as a pos-
sible therapeutic target and a predictor of a bad progno-
sis [18, 74, 76].

Low-abundance miRNAs can be detected using newly
developed methods like digital droplet PCR (ddPCR),
which divides material into thousands of droplets to
increase sensitivity. In the event that standard approaches
fail to identify important markers, this is critical for early
identification of OSCC [80, 81]. Furthermore, real-time,
label-free salivary miRNA detection is being achieved
through the development of nanotechnology-based
biosensors, which may boost specificity and sensitivity
[77-83].

Clinical research on salivary miRNA markers in oral cancer

New research has illuminated the role of particular miR-
NAs in developing oral cancer and their possible thera-
peutic applications. Developing and validating a novel
saliva-based miRNA for the early diagnosis and predic-
tion of oral cancer was the goal of a recent study by Bal-
akittnen et al. [61]. Six differentially expressed miRNAs
(miR-7-5p, miR-10b-5p, miR-182-5p, miR-215-5p, miR-
431-5p, miR-486-3p, miR-3614-5p, and miR-4707-3p)
were found by researchers using saliva samples and data
from The Cancer Genome Atlas (TCGA). Their results
suggested that these novel salivary miRNAs might revo-
lutionize oral cancer management by aiding diagnosis
and prediction [61, 84]. A pilot study was carried out to
investigate blood and salivary miRNAs associated with
oral cancer, with a focus on smoking status stratification.
To ensure that smokers and non-smokers were equally
distributed in each group, researchers took serum and
saliva samples from 23 oral cancer patients as well as 21
healthy volunteers. According to their research, miR-21
is especially significant in those who have smoked in the
past, and blood and salivary levels of miR-136, miR-3928,
and miR-29b may also be linked to oral cancer, even in its
early stages. They stressed, however, that more validation
in a larger cohort of participants with premalignant and
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early malignant lesions is necessary to validate these cor-
relations [85].

Salivary miRNA-21 and miRNA-184 have also been
studied for their potential as diagnostic tools for OSCC
and oral potentially malignant diseases (OPMD). The 90
volunteers the researchers enrolled included healthy con-
trols, OPMD patients, and OSCC patients. To determine
the expression levels of miRNA-21 and miRNA-184, they
extracted RNA from saliva samples and used qRT-PCR.
MiRNA-21 and miRNA-184 expression levels in OSCC,
OPMD, and healthy controls were found to differ sig-
nificantly (p<0.001) from one another. It is possible that
these miRNAs could be used for early detection because
they were able to distinguish OSCC and OPMD from the
control group. Saline is a readily available, non-invasive
method for identifying malignant alterations in the oral
mucosa, according to the study [86].

Furthermore, a study evaluating the function, sensitiv-
ity, and specificity of salivary LINC00657 and miRNA-
106a as diagnostic markers in OSCC patients was
retrospectively registered on clinicaltrials.gov under the
identifier NCT05821179. The study was first registered
on Mar 26, 2023, with the official registration date being
Apr 19, 2023. These markers were compared to healthy
individuals and patients with oral lichen planus (OLP), a
sign of potentially malignant oral diseases. Thirty-six vol-
unteers were split into three groups for the study: Twelve
patients with OSCC were in Group I, twelve patients with
OLP were in Group II, and twelve healthy people without
oral mucosal lesions were in Group III. Using quantita-
tive real-time PCR, saliva samples from each participant
were examined. According to the findings, LINC00657
was more accurate in diagnosing OSCC (83.3%) than
miR-106a (80.4%).

On the other hand, LINC00657 (52.5%) and miR-106a
had worse diagnostic accuracy (61%) when identifying
OLP. Both markers showed similar diagnostic accuracy
(75%) in differentiating between OSCC and OLP. Accord-
ing to the study, salivary LINC00657 has a high potential
for differentiating OSCC from OLP, while low levels of
miR-106a may be a sign of cancer. These findings sug-
gest that both markers have promise as OSCC diagnostic
tools.

In addition to miRNAs’ diagnostic and prognostic
value, they also hold promise as therapeutic targets for
oral cancer intervention. Preclinical studies utilizing
miRNA-based therapeutics, such as miRNA mimics or
antagomiRs, have shown promising results in suppress-
ing tumour growth and enhancing chemosensitivity in
oral cancer models. With technological advancements,
point-of-care assays for salivary miRNA detection are
on the horizon. Rapid and cost-effective diagnostic
tests based on miRNA biomarkers could simplify the
early detection of oral cancer in primary care settings,
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especially in resource-limited settings where access to
specialized healthcare facilities is limited. Interestingly,
salivary miRNAs have the potential to stratify individu-
als based on their risk of developing oral cancer. Integrat-
ing miRNA biomarkers into population-based screening
programs may enable targeted surveillance and early
intervention among high-risk populations, reducing dis-
ease burden and mortality. Integrating salivary miRNA
analysis with further omics technologies (proteomics and
metabolomics) holds promise for comprehensive bio-
marker discovery in oral cancer. Multi-omics approaches
may uncover novel biomarker signatures with enhanced
diagnostic and prognostic accuracy, providing a holistic
understanding of disease pathogenesis. Beyond diag-
nostics, dysregulated miRNAs implicated in oral cancer
pathogenesis represent potential therapeutic targets. Tar-
geted modulation of aberrant miRNA expression using
miRNA mimics or inhibitors could offer novel therapeu-
tic avenues for precision medicine in oral cancer treat-
ment. Clinical trials exploring the efficacy and safety of
miRNA-based therapies are underway, and these findings
are intended to be translated into clinical practice [70,
87].

Pitfalls of salivary miRNA in OSCC detection

Several concerns need to be considered when using sali-
vary miRNAs as a reliable diagnostic method for OSCC.
Intermittent findings might arise from a wide range of
factors, including circadian rhythms, food, dental cleanli-
ness, and sample-collecting techniques, all of which can
affect the amounts of miRNAs in saliva. MiRNA analysis
may be hampered by contamination from food particles,
the oral microbiota, and other materials in the mouth
cavity. The disparities across various research are made
worse by the absence of established data collection, pro-
cessing, and analysis processes. Furthermore, salivary
miRNAs in the oral cavity are vulnerable to destruction
by RNases, compromising the data’s stability and accu-
racy. Due to these challenges, alternative biofluids with
distinct miRNA expression patterns and stability, like
human peripheral blood and body fluids, are considered
considerably more reliable for early cancer diagnosis and
prognosis [88]. Recent studies have demonstrated that
salivary exosomes, believed to contain thousands of miR-
NAs, have promise as non-invasive diagnostic biomark-
ers for OSCC and other cancers [79, 89].

Considering the pitfalls in using salivary miRNAs as
diagnostic tools of OSCC, human peripheral blood and
body fluids, due to their stability and unique expression
pattern of miRNAs, make them perfect biomarkers for
cancer prognosis and early diagnosis. Recent research
indicates that thousands of miRNAs may be present in
salivary exosomes, which may be utilized as non-invasive
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diagnostic indicators to find OSCC and other malignan-
cies [90, 91].

Heterogeneity of microRNAs in OSCC

The fundamental heterogeneity of OSCC is reflected
in its broad spectrum of tumours, each with a unique
molecular profile, clinical characteristics, and responses
to therapy. Because of this variability, miRNA expression
patterns vary between patients, making it difficult to find
universal biomarkers that work for all OSCC subtypes.
This may affect salivary miRNA-based diagnostic accu-
racy, implying that tumour diversity must be carefully
considered in the biomarker identification and valida-
tion process [48]. There is a need to focus on the study
of the sub-specificity of OSCC because the aetiology and
clinical features of SCC vary between oral mucosa. These
studies can shed light on genetic variation and behav-
ioural characteristics unique to oral cavity locations.
Large-scale studies are needed to strengthen the rapidly
growing field of miRNA research [92].

Non-specificity of miRNA expression

Salivary miRNAs exhibit dysregulation in various physi-
ological and pathological circumstances, including sto-
matitis, infection, and systemic disorders, making them
useful as biomarkers for identifying OSCC. Their speci-
ficity for detecting OSCC should be carefully compared
with other oral and systemic diseases to reduce the risk of
false positive results. A recent next-generation sequenc-
ing study shows that some miRNAs are expressed differ-
ently in oral cancer. The area under the curve (AUC) and
receiver operating characteristic (ROC) analyses indi-
cate that these miRNAs may help differentiate oral can-
cer patients from healthy persons [93-95]. Furthermore,
supporting the clinical significance and prospective use
of miRNAs as prognostic indicators, they have also been
linked to survival in patients with oral cancer. However,
careful validation and standardization of miRNA bio-
markers are necessary to ensure their accuracy and reli-
ability in OSCC diagnosis and prognostic assessment
[96].

Influence of confounding factors

Environmental and lifestyle factors, including nutri-
tion, oral hygiene practices, alcohol intake, and smok-
ing, can significantly impact salivary miRNA expression
levels, complicating their use as diagnostic biomarkers
in OSCC. Dietary habits, such as high-fat diet, may alter
saliva composition and miRNA content due to systemic
inflammation could be affected [97-99]. To control for
these influences, participants should follow standard-
ized dietary guidelines or undergo fasting before saliva
collection. Oral hygiene practices, including toothpaste
and mouthwash use, can also affect saliva composition
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and miRNA levels. Antibacterial products may alter
microbial flora and influence miRNA profiles. Therefore,
participants should be instructed to avoid oral hygiene
products for a specified period before saliva collection to
minimize variability [100].

Moreover, inconsistent miRNA readings may result
from differences in sample preparation and saliva collec-
tion techniques. Providing participants with instructions
to abstain from eating, drinking, smoking, or engaging in
oral hygiene activities before to collection, together with
a regulated collection environment to minimize con-
tamination, are essential components of standardized
collection devices and procedures. MiRNA stability is
also impacted by processing and storage circumstances,
which calls for quick processing, a reduction in freeze-
thaw cycles, and uniform procedures for RNA stabiliz-
ers and storage temperatures [100]. Age-related changes
in miRNA levels should be carefully taken into account.
A trustworthy control miRNA for normalization is miR-
16-5p, which has been consistently abundant in a data-
set of 922 healthy persons. By addressing these variables
using established protocols, salivary miRNA biomark-
ers for OSCC diagnosis can be made more sensitive and
accurate, and research reliability can be increased [102].

Ethical and regulatory considerations

Salivary miRNAs are being used in clinical settings as
diagnostic tools for OSCC, but their responsible deploy-
ment requires careful consideration of ethical and regula-
tory considerations. One of the main ethical obligations
is to get informed consent. It is imperative that patients
receive comprehensive information regarding miRNA-
based diagnostic tests, encompassing their intended use,
possible advantages, and potential drawbacks. Maintain-
ing patient autonomy and confidence requires open com-
munication regarding test results intended use and how
they may affect patient management [103]. To safeguard
patient confidentiality, strict data privacy standards
must also be followed when handling biological samples
and patient data. To protect patient health information,
researchers and healthcare providers must make sure
that they are in accordance with rules and regulations
like the Health Insurance Portability and Accountability
Act (HIPAA) in the US and the General Data Protection
Regulation (GDPR) in Europe [104].

The European Medicines Agency (EMA) or the U.S.
Food and Drug Administration (FDA) must rigorously
evaluate and approve salivary miRNA-based diagnostic
assays before they can be incorporated into clinical prac-
tice [105]. As part of this procedure, the tests’ analytical
and clinical performance are validated to guarantee their
precision, dependability, and safety. In order to obtain
clinical acceptance and verify that the tests fulfill the
required quality and performance standards, adherence
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to regulatory standards is essential. By addressing these
moral and legal issues, salivary miRNA diagnostics can
be developed and integrated responsibly, guaranteeing
their morally and effectively in clinical contexts [106].
The ICMR regulations, which place a strong emphasis
on unambiguous communication in regional languages,
regulate informed consent for salivary miRNA diagnos-
tics in India. In accordance with international norms
such as GDPR, patient confidentiality is safeguarded by
the Personal Data Protection Bill (PDPB). The CDSCO is
in charge of regulatory approval for diagnostics, and all
clinical research must have ethics committee approval in
accordance with ICMR guidelines. The Indian Council
of Medical Research [107] states that these frameworks
guarantee test safety, data confidentiality, and ethical
compliance.

Sample collection and processing variability

Reliability and reproducibility of miRNA-based diag-
nostics can be negatively affected by biases and incon-
sistencies introduced into miRNA expression data due
to differences in RNA extraction methods, storage con-
ditions, and saliva sample collection methods. Accurate
miRNA estimates are complicated by variables such as
saliva viscosity, oral microbial contamination, and sample
degradation over time. Standardized methods of saliva
collection, processing and quality control are essen-
tial to overcome these problems as they reduce techni-
cal variation and ensure stable and reliable miRNA data
[108, 109]. The development of repeatable techniques
for manipulating saliva is required due to the increasing
interest in using salivary cell-free (cf.) miRNA as a liquid
biopsy indication in different forms of cancer. Control-
ling pre-analytical factors affecting miRNA stability is
one way to successfully incorporate salivary cf-miRNA
indicators into clinical settings. Researchers can improve
the validity and feasibility of miRNA-based cancer detec-
tion and monitoring diagnostics by adopting standards
used in saliva processing [110].

Limited understanding of miRNA function
Many salivary miRNAs have been concerned with the
pathophysiology of OSCC, although their functional
role in OSCC carcinogenesis remains unclear. To find
valid biomarkers and treatment targets, it is critical to
comprehend the molecular mechanisms behind miRNA-
mediated regulatory networks in OSCC initiation,
development, and metastasis. Integrative approaches
combining miRNA profiling with functional genomics,
pathway analysis and experimental validation can pro-
vide insight into the function of miRNAs and their clini-
cal relevance in OSCC [1].

The dysregulation of specific miRNA expression pro-
files associated with various clinicopathological features
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has been frequently observed in mature miR expression
profile studies in OSCC tumour samples. For instance,
compared to normal keratinocytes in oral cancer cell
lines, studies have shown upregulation of miR-10b, miR-
196a, miR-196b, and others, while miR-503 and miR-31
were downregulated. Additionally, significant differences
in the expression levels of certain miRNAs were observed
in oropharyngeal malignancies, including let-7a, miR-
200c, and miR-34a. Dysregulated miRNAs were also
associated with regulating genes related to the PI3K/AKT
and p53 signalling pathways involved in OSCC carcino-
genesis. These miRNAs include let-7a, miR-16, miR-29b,
and miR-144. However, the variability of miRNA expres-
sion profiles across studies underscores the need for
patient selection, study design, and methodology stan-
dardization to ensure reliable and reproducible results.
Differences in study results may result from differences in
patient populations, experimental methods and the use
of appropriate controls [48, 111]. Despite these obstacles,
defining the unique regulatory networks and miRNA
expression profiles of OSCC tumours may improve
patient outcomes and understand the pathophysiology of
the disease.

Normalization challenges

Eliminating systematic biases and variances during
sample preparation and analysis necessitates normal-
izing miRNA expression data. However, due to the lack
of globally stable miRNAs, finding suitable endogenous
controls or reference miRNAs for normalization in saliva
samples can be difficult. The importance of methodologi-
cal optimization and validation in miRNA biomarker
studies is further emphasized by the impact the normal-
ization strategy (e.g., global mean normalization, spike-in
controls) can have on data interpretation and diagnostic
performance [112, 113].

A comprehensive approach is necessary to overcome
the challenges of using salivary microRNA (miRNA)
as a diagnostic tool for OSCC. Developing robust bio-
marker selection algorithms that consider the diversity
of tumour subtypes and the comprehensive molecular
profile of each is only one part of the multimodal strat-
egy required to address the heterogeneity of OSCC [114].
To improve the specificity of salivary miRNA biomarkers,
OSCC-specific miRNA panels should be identified and
evaluated extensively against oral and systemic diseases.
Minimizing variability and ensuring reproducibility of
miRNA expression data requires careful consideration
of confounding factors and standardization of sampling
techniques. Improvements in sample handling methods
and quality control methods are essential to reduce vari-
ability in saliva collection, RNA extraction, and end-stage
analysis [115, 116].
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Exploring new normalization techniques and finding
reliable reference miRNAs with low variability across
multiple sample populations is necessary to overcome
normalization hurdles. Comprehensive methods inte-
grating high-throughput profiling, functional genomics,
pathway analysis and experimental validation in preclini-
cal models and clinical data are needed to fully under-
stand the functional significance of salivary miRNAs in
the aetiology of OSCC. Determining the clinical validity
and value of salivary miRNA biomarkers requires vali-
dation in large and well-defined cohorts of patients with
diverse demographic and clinical characteristics. Improv-
ing the accessibility and cost-effectiveness of miRNA-
based diagnostics requires the creation of affordable
assay platforms, point-of-care testing techniques suit-
able for use in various healthcare settings, and optimized
workflows. These challenges can be resolved collectively,
advancing the field of salivary miRNAs as dependable,
non-invasive markers for early diagnosis, prognosis,
and personalized treatment of OSCC. This will benefit
patients worldwide by reducing the disease burden and
improving patient outcomes.

Conclusion
In conclusion, saliva-based miRNA signatures have con-
siderable potential as non-invasive biomarkers for OSCC
early identification and treatment. Saliva is a readily avail-
able and simple-to-collect diagnostic medium, which
makes it an ideal choice for OSCC diagnosis. This review
has discussed the possible applications of salivary miR-
NAs for OSCC diagnosis. A few issues must be resolved
for these indicators to be therapeutically valuable. The
considerations mentioned earlier encompass the vari-
ability of miRNA profiles, the non-specificity of miRNA
expression, and the influence of confounding variables
such as sample collection variability and the restricted
comprehension of miRNA functions in OSCC.
Furthermore, using salivary miRNAs for accurate
OSCC detection is difficult due to miRNA normaliza-
tion and quantification difficulties. Transforming these
biomarkers into proper diagnostic instruments will need
overcoming these challenges via standardized procedures
and additional studies into miRNA processes. By address-
ing these problems, more precise non-invasive diagnostic
techniques will become available, improving early detec-
tion and patient outcomes for those with OSCC.
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