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Abstract

Background: Micro-RNAs (miRNAs) have been reported as an emerging biomarker in many cancer types. They are
used as diagnostic and prognostic biomarkers and could be considered therapeutic targets in treating the same.

Main body: Studies have proven that miRNAs play an essential role in molecular cancer pathophysiology, includ-
ing oral squamous cell carcinoma. Distinct expression profiles of different miRNAs have been demonstrated in oral
squamous cell carcinoma. Among the miRNAs, the miR-31 has strong potential as a unique biomarker in head and
neck squamous cell carcinoma, and the increased expression was correlated to a poor clinical outcome with a likely
contribution to oral carcinogenesis.

Short conclusion: The recent research on different aspects of miR-31 as a biomarker and also its potential applica-
tion in the development of therapy for oral squamous cell carcinoma has been focused in this review.
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Squamous cell carcinoma of the oral cavity is the sixth
most common cancer globally. However, despite advanced
diagnostic aids, the prognosis remains unfavorable. This
might emphasize the requirement for immediate identifi-
cation of biomarkers specific to Oral Squamous Cell Car-
cinoma (OSCC) for the early-stage diagnosis. Biomarkers
are specialized molecular signatures specific to a disease
[1]. Recent improvements in molecular diagnostic methods
provide diverse biomarker identification specific to OSCC.
The microRNAs (miRNAs) are considered attractive bio-
markers since they are tissue-specific and continuously
circulate in body fluids. They are small (18—22 nucleotides)
endogenous, noncoding RNA molecules accountable for
various cellular and metabolic pathways comprising cell
proliferation, differentiation, and survive in normal and
disease states. In addition, miRNAs usually participate
in genomic instability, transcriptional control, epigenetic
regulation changes and biogenesis machinery abnormali-
ties [2]. miRNA genes are typically found in cancer-related
chromosomal fragile areas, the minimal region of loss of
heterozygosity, minimal regions of amplification or com-
mon breakpoint regions. Gene amplification, deletion or
translocation are thought to produce changes in miRNA
expression levels in malignant cells [3]. These miRNAs
are frequently decreased in expression or deleted in can-
cer, suggesting that they are tumor suppressors. However,
miRNAs have also been identified as potential oncogenes.
Few miRNAs are repeatedly explored, and it has also been
recognized as a helpful marker in clinical application

recent systematic review revealed that a higher level of
miR-21, miR-29b, miR-31, miR-155, miR-183 and miR-
221 were associated with poor prognosis and patient sur-
vival and appeared to have significant predictive value in
OSCC [4]. The miR-31 gene is found on the chromosome
band 9p21.3, around 500 kb away from the CDKN2A and
CDKN2B tumor suppressor genes, which code for the cell
cycle inhibitor proteins p15 and p16, respectively.

Several types of cancers have expressed a genomic
loss at this locus. Deletion of the miR-31 locus or epige-
netic silencing to downregulate its gene expression are
a few mechanisms observed in different cancers. In gas-
tric, liver, breast, ovarian and prostate cancer, the miR-
31 expressions were observed to be low, whereas the
miR-31 expressions in lung, colorectal, esophagal and
OSCC have shown elevated expression levels [5]. A lat-
est study also indicated a positive association between
the miR-31 expression and increased consumption
of iron and vitamin C and an inverse association with
increased intake of total sugar, cholesterol, vitamin-B,
and zinc in Head and Neck Squamous Cell Carcinoma
(HNSCC) patients. The author also discusses the roles
of miRNA in oral carcinogenesis with particular empha-
sis on miR-31 and its various possible functions in oral
carcinogenesis and considers miR-31 as a diagnostic
and prognostic biomarker [6]. Majorly miR-31 plays an
essential role in regulating cell cycle and proliferation,
hypoxia pathways and increasing the stemness in OSCC
subjects (Fig. 1).
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Fig. 1 Role of miR-31 in oral carcinogenesis. The figure depicts the various avenues in which miR 31 can affect oral carcinogenesis

Main text

Role of miRNAs in oral carcinogenesis

The miRNAs are found in Caenorhabditis elegans and
play a critical role in controlling target gene expression.
miRNA clusters are groups of miRNA expressing genes
driven by a single promoter, transcribed in the same
direction, and not separated by a transcription unit [7].
Let-7a, let-7b, let-7c, let-7d, let-7e, let-7f, let-7g, let7i,
miRNA-98, and miRNA-202 are all members of the let-7
family of miRNAs. Let-7 decreases the expression of
endoribonuclease dicer (DICER), high-mobility group
AT-hook 2, and Ras in OSCC cells. Let-7d knockdown
enhances epithelial-mesenchymal transition, migration,
and invasion of OSCC cells, according [8]. In a study
conducted by Maheswari et al., 167 patients with OSCC,
78 patients with OPMD, 147 healthy controls, and 20
patients with aphthous stomatitis were studied using
saliva samples. In these investigations found that five
miRNAs, miRNA-31, miRNA-24, miRNA-27b, miRNA-
21, and miRNA-184, are elevated in OSCC, whereas
15 miRNAs, miRNA-200a, miRNA-125a, miRNA-11,
miRNA-191, miRNA-136, miRNA-147, miRNA-1250,
miRNA-632, miRNA-646, miRNA-668, miRNA-877,
miRNA-503, miRNA-200a, mi-323-5, and miRNA-145,
were downregulated in OSCC compared with healthy
controls [9].

CpG hypermethylation induced downregulation of
miR-34b, miR-137, miR-193a, and miR-203 expression in
18 OSCC cell lines, according to miRNA profiling. Two
miRNAs, miR-218 and miR-585, were often silenced by
DNA hypermethylation in OSCC. Oral cancer may be

aided by epigenetic suppression of miR-218 and sub-
sequent activation of the mTOR-Akt signaling path-
way mediated by overexpression of RICTOR (a putative
target of miR-218) [10]. A miRNA profiling of primary
OSCC tissue specimens indicated that 46 differentially
expressed miRNAs were able to activate PI3K/AKT
signaling genes and alter the p53 signaling pathways. As
a result, miRNAs play a crucial role in the AKT/mTOR
pathway’s regulation [11].

miRNA-375 was shown to be downregulated in OSCC
and progressive oral leukoplakia compared to non-pro-
gressive lesions, indicating that it functions as a tumor
suppressor by decreasing SLC7AI1 expression during
oral carcinogenesis [12]. Specific miRNAs can cause can-
cer cells to undergo ferroptosis by decreasing SLC7A11
expression [13]. Understanding these miRNA molecules
and their control would be a significant step in design-
ing a more tailored cancer therapy because oral cancer is
complicated and linked to the host pathophysiology [14].
Of all the miRNAs studied in OSCC, miR-31 was shown
to discriminate clearly between healthy subjects and oral
cancer patients making it a potential biomarker [15].

miR31 as oncogenes and tumor suppressors

An in-vitro study revealed that cancer cell lines had
significantly greater levels of miR-31-5p expression
than regular epithelial cell lines (NOK-16 B). In addi-
tion, a miR-31-5p has also shown increased expression
in cell lines that are more migratory and invasive than
their matched cell lines, and the inhibitor significantly
prevents the proliferation of the same. The miR-31-5p
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mimics considerably increased the ability of normal
HACaT epithelial cells to proliferate [16]. CASC2 (can-
cer susceptibility 2) is a tumor suppressor gene that was
associated with the chemoresistance of diverse tumors
[17, 18]. The advancement of OSCC is said to be curbed
by CASC2 [19-21]. Wang et al. [22] found that in (first-
line chemotherapy drug cisplatin) DDP resistant OSCC
cells CASC2 delivers its actions via miR-31-5p. A mem-
ber of the KANK family (KN motif and ankyrin repeat
domain-containing protein 1—KANK1) [23], medi-
ates the actin polymerization cytoskeleton construction
[24]. Additionally, in various tumors, it has been proved
as a suppressor [25-27] and the advancement of nerve
sheath tumors of a human malignant peripheral nerve
cell is impeded by KANK]1, posing their role in neuro-
degeneration [25]. A research study done by Wang and
his colleagues investigated the role of KANK1, CASC2,
and miR-31-5p in OSCC and found the following—there
was a downregulation of KANK1 mRNA in OSCC tissues
compared to the healthy ones. As a result the KANK1
protein expression was also downregulated substantially
in the OSCC tissues. And in OSCC tissues the KANK1
expression has a negative correlation with miR-31-5p
and potential binding sites for miR-31-5p were found in
KANKI1. Hence, miR-31-5p targets KANKI1 in OSCC
cells. The enhanced expression of KANK1 its mRNA and
protein has been reversed by a miR-31-5p introduction
which implements the fact that in DDP-resistant OSCC
cells CASC2 implies its function by miR-31-5p [22], p. 2.
And CASC2 modulates KANKI1 by sponging miR-31-5p
in OSCC cells that are DDP resistant. Data suggests that
in vivo increased CASC2 improves DDP sensitivity and
encourages cell apoptosis in OSCC cells that are DDP-
resistant executing the overall fact that miR-31-5p plays
its part through KANKI1 in OSCC cells [22], p. 202. One
of the new and potential treatment targets for OSCC
can be LncRNAs [26] and these findings could lead to a
possible new strategy for improving DDP-resistant in
OSCC cells. In conclusion sensitivity towards DDP of
OSCC cells is enhanced by CASC2 by the upregulation of
KANKT1 via miR-31-5p.

An adaptive protein that plays multifarious part in
various cell functions including oncogenesis is NUMB
[28, 29]. It is said to be a regulator of cell fate as it asym-
metrically partitions at mitosis [30] and a tumor protein
p53 regulator [31] and an endocytic protein as well [32].
NUMB can access various oncogenic signaling pathways
with p53, NOTCH and Hedgehog pathway. The suppres-
sor function of NUMB against OSCC have been uncov-
ered by many studies and various roles mediated by six
NUMB isoforms resulting from alternative splicing have
been widely investigated. Isoform of NUMB like Numb1
to Numb4 have the potential to regulate the development
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of OSCC. NUMB can suppress NOTCH signaling by
directly attaching to the NOTCH intracellular domain
(NICD), preventing it from accessing the nucleus.
NUMB can also directly inhibit NOTCH by recruit-
ing Itch to polyubiquitinate and degrade Notch proteins
[33]. Ectopic expression of miR-31 is remarkably upreg-
ulated in OSCC [33], which is consistently expressed
in saliva and serum or plasma of OSCC patients [34].
miR-31 may bind to the 3’ untranslated region (UTR)
of factor-inhibiting hypoxia-inducible factor (FIH), a
hypoxia-inducible factor (HIF) regulatory factor that pre-
vents HIF from functioning as a transcriptional regula-
tor under normal environments [33]. Monocarboxylate
Transporter (MCT) family members are responsible
for metabolite transport in metabolic activities. MCT1
and/or MCT4 expression upregulation has also been
demonstrated to be a prospective indicator of HNSCC.
NUMB binds MCT1/MCT4 in OSCC cells, causing
MCT1/MCT4 degradation, decreasing oncogenicity,
and increasing glycolytic metabolism [33]. NUMB had
an effect on lactate synthesis and glycolytic respiration
in OSCC cells. MiR-31 has been demonstrated to target
SIRT3 to impair mitochondrial function and ACOXI to
modify the lipidome profile in OSCC. The inhibition of
NUMB by miR-31 has both proliferative and metabolic
consequences [33]. Overall, Chou et al. [33] identified
that the existence of the miR-31-NUMB-MCT1/MCT4
axis in modulating oncogenesis and metabolic switching,
implying that disrupting this cascade may prevent tumor
pathogenesis and aerobic glycolysis. NUMB activation
through CRISPR/dCas-SAM mechanism and the regula-
tory axis miR-31-NUMB-MCT1/MCT4 appears to be a
significant therapeutic target in OSCC [33]. As NUMB is
a direct target of miR-31 and numerous other oncogenic
miRNAs, the findings of a study confirmed that miR-31
is an oncogenic miRNA that also affects OSCC’s compli-
cated metabolic control. miR-31 inhibits NUMB, which
has carcinogenic and metabolic consequences (Fig. 2). A
twofold sgRNA-guided CRISPR/Cas9 cleavage technique
is used to validate the efficiency of miR-31 deletion. This
technique might be developed further to produce effec-
tive miR-31 inhibition in vivo tumor treatment [35], p. 2.

Mechanism of miR-31 in OSCC cell proliferation and cell
cycle regulation

One of the most prevalent cellular hallmarks in malig-
nancies is increased Wnt /catenin pathway activation.
The transcription of several effector genes involved in
carcinogenesis and cancer progression, such as c-MYC
and cyclin D1, is triggered when canonical Wnt sign-
aling is activated. Furthermore, in a subset of can-
cers, disruption of non-canonical Wnt signaling may
contribute to tumorigenesis and cancer progression



Kavitha et al. Egyptian Journal of Medical Human Genetics

miR 31 t

JITITITITITIT

1
| 1

Fig. 2 Influence of miR31 on pathways. The figure represents the
possible mechanisms of how miR31 affects the miR-31-NUMB-MCT1/
MCT4 and NOTCH pathways

miR-31-NUMB-
MCT1/MCT4

through metabolic and inflammatory changes. Recent
research suggests that these Wnt signaling pathways
may also influence malignant cancers in the oral cav-
ity [35], p. 2. An experimental model study on Drosoph-
ila melanogaster explored the functional relationship
between miR-31 and its putative target in-vivo. Overex-
pression of miR-31 resulted in a considerable reduction
in tissue growth, implying that it functions as a tumor
suppressor, and the level of Wnt less mRNA, a vital reg-
ulator of the Wnt signaling pathway, was significantly
reduced. In parallel investigations, a comparable miR-
31 dependent control of human Wnt less mRNA has
been verified in OSCC cells. Furthermore, it has been
proposed that miR-31 regulates the cell cycle and pro-
liferation of OSCC cells by downregulating cyclin D1
and C-MYC, two of the vital transcriptional targets of
Wnt signaling [36].

A recent study on OSCC tissue samples demonstrated
that macrophage-derived exosomes (M2 exo) exhibited
a high level of miR-31-5p and the M2 exo —mediated
increase in OSCC cell proliferation and growth depended
on this miRNA. M2 exo contributes to OSCC tumori-
genesis via the miR-31-5p /LATS2 (large tumor suppres-
sor 2) axis of the Hippo signaling pathway and facilitates
their tumor inducing effect [37]. The miR-31 target gene
CXCL12 is significantly changed in oral pre- and car-
cinoma tissues. This is critical for tumor growth and
metastasis; moreover, hypermethylation of the promoter
region has been associated with decreased CXCLI2
expression in head and neck cancer [38]. Another study
denoted that, while miR-31(*) expression is upregulated
in OSCC tissues, it is less abundant than miR-31. The
proliferation and migration of SAS and FaDu cells are
inhibited by miR-31(*). Furthermore, miR-31(*) inhibits
RhoA production by targeting the 3’'UTR of the protein.
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OSCC cells have been shown to proliferate and migrate
less when RhoA expression is knocked down. However,
administration of pre-miR-31 increases the oncogenic-
ity of OSCC by upregulating both miR-31 and miR-31(*)
[39].

miR-31 as a hypoxia regulating pathway
The miR-31 functioned as an oncogene in HNSCC by
downregulating ARIDIA (AT-Rich interaction Domain
1A). In addition, in normoxic conditions, ectopic stable
expression of miR-31 suppressed the tumorigenicity of
HNSCC cells by inversely regulating FIH. The miR-31
causes hypoxia in OSCC by blocking FIH, which stimu-
lates HIF1. MIR31HG interacts with miR-31 to form a
complex with HIF1, which subsequently enhances HIF1/
p300 binding to hypoxia response elements [33]. The
increase in miR-31 in OSCC tissues facilitates oral onco-
genesis through modulating hypoxia pathways in oral
cancer cells by targeting hypoxia inducing factor inhibit-
ing protein. miR-31 mutates the HIF pathway to increase
tumor formation under normoxic circumstances by tar-
geting the 3" UTR of FIH. FIH is a sensor that detects
oxygen levels. Asparagine hydroxylates HIF-la when
the oxygen level is available. As a result, HIF-1a lacking
the COOH terminal transactivation domain is incapable
of causing the synthesis of vascular endothelial growth
factor (VEGF). The inhibitory effect of FIH on growth
is diminished in hypoxic conditions. There is a negative
association between the amount of FIH and VEGF when
oxygen levels are over the threshold. Under normoxic
conditions, the miR-31 suppresses the deleterious effects
of FIH while activating VEGF expression in HNSCC [40].
HIF-1la was a miR-31 downstream mRNA, and its dys-
regulation was linked to miR-31-mediated neuronal cell
damage. VEGF produced by the endothelial traumatic
neuron damage or HIF-la overexpression increased o
levels. In addition, HIF-1la boosted vascular endothe-
lial growth factor-A expression, which increased neu-
ronal cell damage [41]. In addition, the miR-31 FIH axis
has been identified to influence glycogen metabolism
keratinocyte development in corneal via Notch signaling
[42]. According to [43], p. 2 miR-31-5p had a functional
impact on oral cancer cell motility and direct modulation
of the rate-limiting enzyme in peroxisomal B-oxidation,
ACOXI. In addition, this mis regulated axis alters lipid
metabolomes, including promigratory prostaglandin
E2, by augmenting ERK-MMP9 signaling. Clinically
increased levels of PGE2 in saliva were also observed,
which is in association with local invasion [43], p. 2.
Exosomes have been demonstrated to induce exosome
release and cause considerable changes in cellular con-
tents and activities in response to hypoxia, showing that
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exosomes play a vital role as regulators in distant inter-
cellular communication [16]. OSCC cell metabolism and
aggressiveness are both influenced by the miR-31-SIRT3
(Silent information regulator3) regulatory axis. SIRT3
expression attenuated the miR-31 enhanced tumor cell
migration and invasion. The mitochondrial membrane
potential and structural integrity were both harmed by
miR-31-SIRT3. This axis was dysregulated, resulting in
oxidative stress and a transition from aerobic to glyco-
lytic metabolism in tumor cells [44].

mir-31 and increased stemness of cancer cells

Hsa-miR-31 is a known oncogene that has previously
been linked to Nanog/OCT4/SOX 2 stemness factors
and lower survival. The epithelial cell adhesion mol-
ecule (EPCAM) expression was also accountable for
the stemness of cancerous tissue. When overexpressed,
negative regulators of oncogenic pathways are inhibited,
allowing OSCC cancer cells to proliferate and become
tumorigenic. A possible mechanism is that the miR-31
collaborates with #TERT to immortalize NOKs and con-
tributes to early-stage oral carcinogenesis by inhibiting
FIH with VEGF and increasing cellular immortalization
via p53 mutation and VEGF upregulation. In addition, the
EGEFR activation also contributed to the increase of miR-
31 in oral cancer tissues [45]. Studies have revealed that
the EGFR/AKT signaling cascade can promote miR-31
production by C/EBPp, which is essential because EGFR
overexpression is linked to OSCC development [46]. AT-
rich interacting domain containing protein members play
pluripotent roles in modulating chromatin accessibility
of the transcription machinery for gene expression. A
reverse expression between miR-31 ARIDIA was noted
in OSCC tumors, and there was also a reverse correlation
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between ARIDIA and stem cell markers. It has been sug-
gested that tumors carrying high miR-31 expression and
low ARIDIA expression had poor survival [47]. It has
been proposed that high levels of miR-31 expression can
immortalize or change oral keratinocytes into cancerous
cells [48].

EMT and other prospective mechanisms rooting OSCC
mediated by mir-31

One of the extensively accepted mechanisms that
involves the development of cancer towards metastasis is
EMT (Epithelial to mesenchymal transition), which takes
part in tumorigenesis pathological process [49]. Reviews
demonstrated EMT to be one of the important patho-
mechanisms rooting miR-31 mediated OSCC (Fig. 3) [42,
45, 50]. The acquirement of EMT by M310K1 cells was
contributed by the up-regulation of miR-31 [45] and also
stated that hippo signaling pathway exerts an important
action in the tumorogenesis of OSCC mediated by miR-
31. Along with above mentioned mechanisms, oxidative
stress and glycolytic mechanism also exerts their role
in multiple cancer progression [51]. miR-31 increases
lactate creation in OSCC cells by disruption of mito-
chondrial structure [44]. Studies also found the unique
mechanism by which miR-31 targets RhoA for progres-
sion of OSCC and the knockout of RhoA in SAS and Fadu
cells results in miR-31 (passenger strand) upregulation
[39]. Chemoresistance of OSCC cells was also observed
towards the first line drug cisplatin, in which an upregu-
lation of miR-31-5p was observed and it was said to be
allied with miR-31 anti-apoptosis characteristic [22, 52].
By distributing miRNA, exosomes that are derivative of
M2 macrophages were reported to encourage progres-
sion of cancer [53]. Likewise, Yuan et al. [37] stated that

0OscC
Cell cycle r EMT ‘
GM-CSF signalling, EGF-AKT
signallingaxis, EGFR/AKT/S6, ERK-
RhoA, FIH, hTERT, VEGF, ACOX1, MMPS9 cascade, Cyclin D1, c-MYC
SIRT3, WLS, LATS2, KANK1, and Wnt signalling pathway, Hippo
Targetted NUMB, signalling pathway, Lnc RNA CASC2- Targetted
genes miR-31-5p/KANK1 axis, pathways
MCT1/MCT4 regulatory cascade
K miR-31
Fig. 3 Development of OSCC by upregulation of miR31. The figure depicts the possible genes and pathways involved in the development of OSCC
when miR31 is upregulated




Kavitha et al. Egyptian Journal of Medical Human Genetics

exosomal miR-31-5p that are derived from macrophage
enables OSCC progression by inhibition of LATS2 (Large
tumor suppressor kinase 2) tumor suppressor [37]. One
of the factors that is concerned to play a vital role in the
progression of OSCC is EGFR, by the initiation of vari-
ous intrinsic signaling pathways such as intracellular net-
works and protein networks [54]. In an OSCC which is
a malignant phenotype via AKT (protein kinase B) sign-
aling cascade EGF upregulates the expression of miR-31
expression [55].

miR-31 as a diagnostic/prognostic biomarker

The miR-31 has been studied in cell cultures, tissues,
scrapings, body fluids and extracellular vesicles like
exosomes. Western blot analysis, in situ hybridization,
real-time quantitative polymerase chain reaction (RT-
qPCR), pre-amplification quantitative polymerase chain
reaction (preamp qPCR), quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR), digital
droplet PCR, Tagman H low-density array qRT-PCR,
miRNA-based microarray and next-generation sequenc-
ing are the few conventional diagnostic methods [56].

A meta-analysis study of deregulated miRNAs in oral
cancer and matched non-cancerous tissue in the same
patients revealed that eleven miRNAs were consistently
upregulated in several studies, including miR-31-5p.
These meta signatures might be considered a potential
biomarker in distinguishing cancer tissues from regular
[47]. According to Lu et al,, miR-503 and miR-31 were
downregulated in six oral cancer cell lines relative to
normal keratinocytes [15]. A recent review article also
found that 17 miRNAs were commonly dysregulated in
OSCC and found to have clinical significance, includ-
ing mir-31. In addition, upregulation of all examined
miRNAs in OSCC samples was discovered in research
compared to controls. A Receiver Operating Character-
istics Curve study compared OSCC to controls showed
that miR-31 has the most significant diagnostic accuracy
of 0.9 [48]. With an area under the ROC curve of 0.776
(sensitivity =76.8% and specificity =73.6%), the logistic
regression model, panel of five miRNAs (miR-99a-5p,
miR-31-5p, miR-138-5p, miR-21-5p, miR-375-3p) dis-
criminated oral cancer patients from healthy controls.
There were substantial differences in serum miR-31-5p
levels between oral cancer patients and healthy controls
and between pre-and postoperative patients, and the lev-
els were decreased after surgery [15].

A study revealed that the increased tissue/serum miR-
31 expression was positively correlated with poor clini-
cal variables and dismal prognosis. The serum miR-31
expression in HNSCC patients was markedly increased
compared to normal controls. Tissue miR-31 levels in
HNSCC tumor specimens exhibited higher than oral
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epithelial dysplasia samples and normal tissues. Tissue
mir-31 was confirmed to be an independent prognostic
factor in HNSCC. Salivary miR-31 was also proved as a
potential biomarker for the detection and postoperative
follow-up in oral cancer patients. Liu et al. found that
saliva had a higher concentration of miR-31 than the
plasma and remarkably higher in oral cancer patients’
saliva. The study also revealed that salivary miR-31 was
significantly reduced following oral carcinoma removal,
indicating that most of the elevated salivary miR-31
derived from tumor tissues [57]. Al-Makey MK et al,, in
their study, also stated that the salivary miR-31 was sig-
nificantly elevated in OC patients and can be used for
early detection and postoperative follow-up [58].

A recent study on 40 Asian cohorts also proved that the
salivary miR-31 levels were significantly increased in pre-
operative patients than in postoperative OSCC patients
[59]. Furthermore, according to Siow et al., miR-31 lev-
els were significantly higher in early-stage tumors with
no metastatic nodes and those from buccal mucosa with
microarray profiling and real-time PCR. They also con-
cluded that miR-31 could play an essential role in oral
carcinogenesis [50]. A study on the k14-EGFP-miR-31
transgenic mouse model proved that miR-31 shows an
oncogenic function in OSCC, and it is capable of promot-
ing 4ANQO -induced DNA damage via targeting Ku80, a
repair gene. These might favor genomic instability and
epithelial-mesenchymal transition [60]. Recent research
stated that in HNSCC cells, both strands of pre-miR-31
behaved as carcinogenic miRNAs. In silico study revealed
that 5 candidate tumor suppressor genes (CACNB2, IL34,
CGNL1, CNTN3 and GAS 7) were independent predic-
tive factors in HNSCC. This indicated that the upregulat-
ing miR-31 inhibited the expression of genes implicated
in OSCC malignant transformation [61]. Furthermore,
miR-31 is a reliable OSCC marker in biofluids such as
plasma and saliva. Therefore, further identification of
the effectors or co-players linked to miR-31 should aid in
developing new therapeutics [62].

miR-31 as a therapeutic target

Several studies on animal models that investigated anti-
miR knockdown or miRNA replacement therapy showed
promising results for cancer therapies. Compared to
protein-based drugs and plasmid DNA based gene ther-
apy, miRNAs as natural antisense nucleotides have far
less toxicity and immune response. The antisense oligo-
nucleotides to block miRNAs, tumor and cancer stem
cell focused nanoparticle therapy, and chemotherapeu-
tic drug combination therapy have intriguing clinical
uses. The intratumoral (local) and systemic delivery sys-
tems have been described. The exosome/microvesicle/
liposome-mediated approaches have also been tried as
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novel therapeutic tools for miRNA delivery [63]. Exog-
enous miR-31 contributed to the immortalization of
normal oral keratinocytes, implying a role in early-stage
oral carcinogenesis. LNA-miR-31 therapy inhibited the
proliferation of immortalized normal oral keratinocytes
in vitro [64]. In antagomiR-31-5p- treated xenografts,
p-AKT expression was considerably reduced, whereas
PTEN expression was enhanced. They further proposed
that miR-31-5p via PTEN/AKT pathway could be used as
a therapeutic target miRNA in oral cancer [15].

Conclusion and future perspectives

MicroRNAs offer a vital and promising tool in gene con-
trol and a potential new class of therapeutic target and
drug development. The relative stability of miRNA in
body fluids makes them a convenient diagnostic sample.
miR-31 has been studied extensively and proved to be
one of the significant oncogenic miRNAs in participating
in oral carcinogenesis. Due to its role in OSCC develop-
ment, miR-31 could be used as a unique biomarker for
oral cancer identification and/ prediction of disease pro-
gression. It has also been evidenced that miR-31 has a
prospective role in OSCC by regulating the gene expres-
sion, signal transduction, cell proliferation, cell cycle regu-
lation, cell survival and epithelial mesenchyme transition.
Mainly involved in binding with target proteins, it is nec-
essary to gain a better understanding of miR-31’s inter-
actions with molecules. These studies are needed for the
clinical utilization of miR-31 as a potential single or panel
of biomarkers in oral cancer and could be considered as
an alternative to other traditional circulating biomarkers.
Apart from practical difficulties in designing and apply-
ing miR-31 as a therapeutic target, these would be a great
source in developing a different class of drugs in cancer
therapeutics and designing new diagnostic devices.
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