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Abstract
Background Oral squamous cell carcinoma (OSCC) has the highest mortality rate among all head and neck cancers and a
relatively low five-year survival rate. Generally, the development of an oral mucosal malignancy represents a multistep process
beginning with normal oral mucosa epithelium and culminating in OSCC after transitioning through intermediary oral prema-
lignant disorders (OPMDs), during which dysplasia is often observed. Noncoding RNAs (ncRNAs) are RNAs that are not
translated into proteins, but still can participate in regulating neoplastic cell behavior. Recently, data have emerged on the role
of ncRNAs in the progression of oral mucosal malignant diseases, but the exact mechanisms through which ncRNAs are involved
remain to be elucidated.
Conclusions Knowledge on ncRNAs has added an extra layer of complexity to our understanding of the malignant progression of
oral mucosal diseases. The identification of ncRNAs in multiple body fluids as biomarkers may provide new diagnostic options
that can be used for the diagnosis and prognosis of OPMDs and OSCC, respectively. Despite overall advances that have been
made in cancer treatment, the treatment options for OPMDs and OSCC are still limited. Several studies have shown that ncRNA-
based treatment regimens may hold promise as alternative methods for treating OPMDs and OSCC. The use of ncRNAs as
therapeutic agents, including miR-155, miR-34 and lncRNA HOTAIR, appear promising.
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1 Introduction

Oral squamous cell carcinoma (OSCC), characterized by dif-
ferentiation and a tendency to undergo lymph nodemetastasis,
is the most common malignant tumor in the head and neck
region, with over 200,000 newly diagnosed tumors each year
[1]. Smoking, alcohol use, betel chewing and HPV infection
are considered the major risk factors for OSCC [2, 3]. In most
cases, the progression of oral mucosal malignancy requires an
extended duration and multiple steps that may or may not
involve risk factors, because OSCC may exhibit complex ge-
netic changes and pathologies. Normal oral keratinocytes may

be affected by adverse factors, resulting in changes in their
intracellular microenvironment and genome, the latter of
which can propagate changes during proliferation [4, 5].
These affected oral keratinocyte clones can transform into
premalignant diseases and even further deteriorate into inva-
sive OSCC. Most cases of OSCC are preceded by oral prema-
lignant disorders (OPMDs), which are defined as epithelial
lesions or disorders that have a high risk for malignant trans-
formation [6–8].

Early-stage oral cancers and OPMDs are often subtle and
asymptomatic. Therefore, it is important to create and improve
tools for detecting early-stage oral cancers and OPMDs.
Ample evidence has indicated that noncoding RNAs
(ncRNAs)may participate in nearly every step of oral mucosal
tumorigenesis, Thus, understanding the functional character-
istics of these ncRNAs is essential. DNA alterations and
changes in the expression of genes, such as MMP1 and
KNG1, are considered promising biomarkers for diagnosing
OPMDs and for detecting OSCC, while RACK1 and PA28γ
have shown promise as prognostic predictors for OSCC.
ncRNAs can be identified in various (pre-)malignant tissues,
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and it has been found that the specificity of identification can
be improved when they are combined with other cancer cell
markers [9–11]. Here, we discuss the importance of ncRNAs
as biomarkers and therapeutic targets in OPMDs and OSCC
by systematically reviewing the present literature regarding
the emerging roles of ncRNAs. We believe that this review
will add to our current understanding of the malignant pro-
gression of oral mucosal diseases and to the identification of
new clinical tools to be used in the diagnosis and treatment of
OPMDs and early-stage OSCC.

2 Characteristics of ncRNAs

It has been shown that only 2% of our DNA encodes proteins,
whereas more than 70% is actively transcribed into ncRNAs
that may function in gene regulation, mRNA maturation and/
or protein synthesis [12]. Although they lack the ability to be
translated into proteins, ncRNAs are also subject to alterations
that can drive cancer development, in addition to the well-
known protein coding gene alterations. ncRNAs include:

MicroRNAs (miRNAs), which are highly conserved
ncRNAs approximately 21 nucleotides in length. They are
involved in gene regulation by, generally, inhibiting the trans-
lation of target genes [13]. However, various functions of
miRNAs have been discovered and they can be categorized
into eight main types: conventional downregulation of gene
expression and seven unconventional functions, i.e., pri-
miRNAs coding for peptides, interaction with non-Ago pro-
teins, activation of Toll-like receptors (TLRs), upregulation of
gene expression, targeting nuclear ncRNAs, targeting mito-
chondrial transcripts, and direct activation of transcription
(Fig. 1a).

Long noncoding RNAs (lncRNAs), transcripts longer than
200 bp that are classified according to their functions in pre-
transcriptional regulation, post-transcriptional regulation,
miRNA sponging, and epigenetic regulation (Fig. 1b) [14].

Circular RNAs (circRNAs), which are ncRNAs with
closed loop structures. As previously described, the functions
of circRNAs can be categorized into five main types: regulat-
ing linear RNA transcription, miRNA sponging, protein
sponging, interaction with different proteins, and being trans-
lated into peptides [15].

3 Role of ncRNAs in OPMDs

At the beginning of the development of malignant oral muco-
sal diseases, OPMDs are generally found in the oral cavity.
They possess a high risk of malignant transformation into
invasive OSCC. Clinically, OPMDs usually appear grossly
abnormal and are often accompanied by oral leukoplakia
(OLK), oral lichen planus (OLP), oral submucous fibrosis

(OSF) or other types of potentially malignant diseases [6].
OPMDs occur as a result of early processes by which both
genetic and phenotypic changes, including changes in
ncRNAs, accumulate in the normal oral mucosa [16].

3.1 Oral leukoplakia

Oral leukoplakia (OLK) often presents clinically as a ‘white
patch’ in the oral cavity, from which 5%–36% of OSCC cases
develop [17]. Based on histopathological evaluation, OLK
can be classified as nondysplastic or dysplastic. OLK with
moderate or severe dysplasia is also called malignantly trans-
formed OLK (mtOLK), which is considered to have a higher
risk for progression to carcinoma than OLK with mild dyspla-
sia. It has been found that 3 miRNAs may be significantly
dysregulated in mtOLK and can mediate the initiation and
development of OLK [18]. By contrast, clinical and histolog-
ical characteristics cannot distinguish between “progressing”
and “non-progressing” cases among nondysplastic or mild to
moderately dysplastic OLK. The identification of specific
miRNAs may, however, be able to make these distinctions.
It was found that the expression of several miRNAs, including
miR-10b-3p, was significantly altered in the saliva of patients
with progressing mild dysplasia OLK relative to that in pa-
tients with non-progressing OLK [19]. Another study indicat-
ed that a proposed expression profile of 8 overexpressed
miRNAs was related to the progression of OLK to OSCC.
In particular, themiR-345/21/181b subset was strongly related
to increased lesion severity in the histological progression
from premalignant to malignant lesions [20], which may indi-
cate that miRNAs have the potential to predict and distinguish
“progressing” from “non-progressing” OLK with compara-
tively mild dysplasia.

3.2 Oral lichen planus

Oral lichen planus (OLP) is characterized histologically by a
subepithelial band-like lymphocytic infiltrate and epithelial
basal cell destruction, and it is a common chronic inflamma-
tory disease associated with immunological dysfunction me-
diated by cells, including CD4+, CD8+ and helper T cells.
Furthermore, OLP has a tendency to develop dysplasia and
to progress towards malignancy [21, 22]. Chronic inflamma-
tion is the main pathological feature of OLP, and many recent
studies have revealed roles of ncRNAs in mediating unbal-
anced immunoreactions in OLP. Upon comparison of miRNA
expression profiles in peripheral blood mononuclear cells
(PBMCs) from patients with OLP to those from healthy vol-
unteers, it was found that miR-155 was the most downregu-
lated and miR-19a the most upregulated miRNA in the OLP
group [23]. By synergistically functioning to induce an imbal-
ance between Th1 and Th2 cells, simultaneous deregulation of
miR-155/eNOS and miR-19a/TLR2 was shown to be
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responsible for an elevated risk of OLP in an in vitro experi-
ment [23]. Furthermore, a positive feedback loop involving
miR-155 and IFN-γwas found to potentially contribute to the
Th1-dominated immune response in erosive-type OLP, and

SOCS1 was identified as the most likely target of miR-155
involved in this feedback loop [24]. Overexpression of
lncRNA DQ786243 significantly increased the suppressive
function of CD4+ T cells, such as Th1 and Th17, by

Fig. 1 Functions of miRNAs and lncRNAs. a The functions of
miRNAs. a: pri-miRNAs coding for peptides: At the start of transcription,
a miRNA is generated as a longer pri-miRNA. There is evidence that
some pri-miRNAs encode peptides, which are termed miRNA-encoded
peptides (miPEPs). These miPEPs play a role in increasing the transcrip-
tion of their own pri-miRNAs and in enhancing the accumulation of
mature miRNAs; b: Downregulating protein expression: miRNAs can
post-transcriptionally reduce the expression levels of target proteins by
either promoting messenger RNA (mRNA) decay or by blocking mRNA
translation; c: Interacting with non-AGO proteins: miRNAs interact with
Argonaute (AGO) protein-containing complexes, where they perform
conventional repression functions. Examples of miRNAs that can inter-
fere with the function of a specific protein by acting as a RNA decoy have
been reported; d: Activating Toll-like receptors: Although direct physical
interactions have not yet been proven, an unconventional role for
miRNAs has been reported that involves activation of Toll-like receptors
(TLRs); e: Upregulating protein expression: miRNAs can directly asso-
ciate with AGO2 and AU-rich elements (AREs) in target mRNAs to
activate translation; f: Targeting nuclear ncRNAs: miRNAs can localize
to the nucleus to inhibit the maturation of other miRNAs via direct inter-
actions with their primary transcripts; g: Targeting mitochondrial tran-
scripts: Although no miRNAs have been identified within the mitochon-
drial genome, miRNAs can translocate into mitochondria to inhibit target
gene expression while simultaneously increasing the mRNA expression
and protein content of target genes; h: Directly activating transcription: A
specific miRNA can act as a transferable nuclear localization element that

directs the nuclear enrichment of small ncRNAs by attaching to them and
importing them into the nucleus via importin 8, which enables them to
bind to promoters and induce transcription of target genes. b The func-
tions of lncRNAs. a: Pre-transcriptional regulation: Pre-transcriptional
regulation includes lncRNA regulation, splicing of pre-mRNAs, regula-
tion of translation, recruitment of proteins to stabilize mRNAs by binding
to target miRNA sites or binding directly tomRNAs to stabilize them, and
serving as precursors or transcriptional hosts for small RNAs (such as
miRNAs); b: Post-transcriptional regulation: Post-translational regulation
of proteins includes the involvement of lncRNAs in subcellular structure
formation, protein transport and localization, and in mediating the forma-
tion of protein complexes, where they serve as scaffolds to either promote
protein-protein interactions or stabilize proteins; this process may occur in
the nucleus or the cytoplasm; c: miRNA sponging: lncRNAs can absorb
or “sponge” miRNAs that would (if not bound to a lncRNA) otherwise
inhibit the expression of their target mRNA(s); these RNAs have been
termed competing endogenous RNAs (ceRNAs); this process can occur
in the nucleus or the cytoplasm; d: Epigenetic regulation: Epigenetic
regulation can occur when DNA interacts with lncRNAs to regulate his-
tone modifications and chromatin remodeling/folding, which affects the
recruitment of transcription factors to target promoters for active tran-
scription. Furthermore, with the formation of RNA/DNA/protein com-
plexes, transcription is inhibited, since the formation of complexes with
transcription factors prevents their ability to activate transcription; this
occurs only in the nucleus
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decreasing the levels of IFN-γ and IL-17 in CD4+ Treg cells.
This regulation was observed in peripheral blood of OLP pa-
tients, and to occur through the Foxp3/miR-146a/NF-κB axis
[25].

Apart from chronic inflammation, dysplasia involving the
degeneration of keratinocytes is another pathological feature
of OLP. It was found that in an LPS-induced OLP model,
miR-125b directly targeted MMP-2, inhibited keratinocyte
proliferation and promoted keratinocyte apoptosis through
the PI3K/Akt/mTOR signaling pathway [26]. Foxp3 can reg-
ulate miR-146a, thereby controlling the proliferation and ap-
optosis of LPS-treated immortalized human keratinocyte
HaCaT cells, and Foxp3/miR-146a has been shown to regu-
late TRAF6 expression in CD4+ T cells in OLP [27].
Additionally, miR-27b-3p suppresses keratinocyte apoptosis
in OLP by targeting cyclin D and regulating BCL2 signaling
pathways, suggesting that miRNAs could be potential treat-
ment targets for preventing the processes by which OLP ini-
tiates or progresses to OSCC [28]. A recent study revealed that
lncRNA MEG3 could induce apoptosis of keratinocytes in
OLP by sponging miR-361-5p and promoting the expression
of SDHD [29]. Since there is a large body of work onmiRNAs
in OLP, we summarized their significance in Table 1.

3.3 Oral submucous fibrosis

Oral submucous fibrosis (OSF) has been identified as an
OPMD characterized by a burning sensation, blanching and
stiffening of the oral cavity, resulting in patients having

difficulty opening their mouths and eventually enduring a se-
ries of histopathological stages culminating in invasive
OSCC. The transformation rate is 7–13% [44, 45]. At present,
our knowledge about the exact mechanisms underlying the
initiation and development of OSF is still limited, especially
regarding the exact roles of ncRNAs in this disease. A study
on miRNA expression profiles showed that a total of 11
unique miRNAs were differentially expressed in tissues from
OSF patients compared to the normal oral mucosa, suggesting
a potential role of these newly identified miRNAs in OSF
[46]. In addition, low levels of miR-499a-5p were found to
contribute to an increased risk of progression of OSF, due to
betel quid chewing, to OSCC [47]. Overexpression of miR-
200b abolished arecoline-induced myofibroblast activities and
led to downregulation of a-SMA and vimentin by decreasing
ZEB2 in OSF [48].

In addition, Zhou et al. identified 687 lncRNAs that were
significantly and differentially expressed during OSF progres-
sion, including 231 upregulated lncRNAs and 456 downreg-
ulated lncRNAs. These lncRNAs were found to be associated
with OSCC pathogenesis, and the involved processes to in-
clude inflammation signaling, Wnt signaling, angiogenesis,
CCKR signaling, integrin signaling, PDGF signaling, p53 sig-
naling and EGFR signaling pathways [49]. These differential-
ly expressed lncRNAs may provide new leads for the study of
OSF malignant development and its treatment. Recently,
some studies have revealed a potential role for lncRNAs in
the development and progression of OSF, which occurs main-
ly by increasing myofibroblast activities through TGFβ

Table 1 Altered miRNAs in OLP

miRNA Expression Detection Predicted target Main significance in OLP Reference

miR-125b Downregulated Tissue MMP2 Inhibits keratinocyte proliferation and
promotes keratinocyte apoptosis

[26]

miR-138 Downregulated Tissue cyclin D1 Unknown [30]

miR-214 Downregulated Tissue CD44 Promotes the apoptosis of activated CD8+ T cells [31]

miR-27b Downregulated Tissue MMP13, TGF-β Inhibits keratinocyte proliferation and
promotes keratinocyte apoptosis

[32–35]

miR-375 Downregulated Tissue KLFS May repress apoptosis and promote
cellular proliferation

[36]

miR-562 Downregulated Tissue IL-22 Unknown [37]

miR-137 Upregulated Tissue p16 Unknown [38]

miR-146a Upregulated Tissue,
plasma

STAT1, IFN-γ, RANTES, IL-2, TRAF6 Represses suppressive function of CD4+ T cells [25, 27, 39]

miR-155 Upregulated Tissue,
plasma

c-Maf, IFN-γ, TNF-α, COL21A1 Contributes to the Th1-dominated immune response [23, 24]

miR-203 Upregulated Tissue TGF-β, p53, p63, Smad, IL-22 Unknown [37, 40]

miR-21 Upregulated Tissue, sera TGF-β, p53, p63, Smad Unknown [40, 41]

miR-223 Upregulated Tissue, sera TGF-β, p53, p63, Smad Unknown [40]

miR-31 Upregulated Tissue SLC10A1, SLC16A8, CXCL Unknown [41, 42]

miR-122 Upregulated Tissue AKT1 Promotes autophagy [43]

miR-199 Upregulated Tissue mTOR Promotes autophagy [43]
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signaling. It was found that lncRNA LINC00974 could pro-
mote the development of OSF by increasing myofibroblast
activities via elevation in the expression levels of α-SMA,
α-1 type I collagen, and fibronectin through TGF-β/Smad
signaling [50]. Overexpression of lncRNA GAS5-AS1 was
found to regulate arecoline-associated myofibroblast activa-
tion to suppress fibrogenesis, which was achieved by blocking
upregulation of p-Smad2 by arecoline [51].

Based on these preliminary data, ncRNAs can be identified
as a class of essential regulators that promote the progression
of high-risk OPMDs to OSCC under certain circumstances.
To determine the networks in which ncRNAs participate in
OPMDs, more research is needed.

4 Functional characteristics of ncRNAs
in OSCC

4.1 Regulation of proliferation and survival

Recent evidence indicates that ncRNAs are significantly cor-
related with the growth and survival of OSCC cells, because
they can disrupt the balance between proliferative signaling
and growth suppression in multiple ways (Fig. 2). Receptor
signaling can, for example, be deregulated by downregulation
of miRNAs whose direct targets are growth factor receptors.
OSCC cells with a miR-375low/IGF-1Rhigh signature have
considerable proliferation potential [52]. In addition, a lack
of OSCC dependence on growth factors may also be due to
continual stimulation of downstream signaling owing to
ncRNA dysregulation. Notably, low expression levels of
miR-138 and miR-1285-3p have been observed in OSCC
cells with elevated YAP1 expression and an activated Hippo
pathway, and lncRNA RBM5-AS1 has been shown to rescue
miR-1285-3p-mediated inhibition of YAP1 by sponging miR-
1285-3p. This phenomenon was confirmed in nude mice [53,
54]. Moreover, KLF8 may be recruited by lncRNA
AC132217.4 to bind the 3′-UTR of IGF2 mRNA, resulting
in upregulation of its expression at the transcriptional level.
Furthermore, circR-0007059 has been reported to regulate the
proliferation, metastasis and invasion of OSCC cells via the
AKT/mTOR pathway, which was confirmed by in vivo ex-
periments [55]. ncRNAs can also influence the regulation of
growth factor expression in OSCC cells. It has been found, for
example, that miR-338 and miR-23a-3p can significantly de-
crease the expression of NRP1 and EGFL7, respectively, and
that lncRNAOIP5-AS can abolish miR-338-mediated control
of NRP1 expression, resulting in OSCC cell proliferation
[56–59]. Modulating cell cycle regulators is another way by
which ncRNAs can regulate cell growth in OSCC. It has been
found that downregulated miR-145 and miR-155 expression
can increase the expression of c-Myc, CDK6 and p27Kip1,
thereby preventing cyclin D/E expression in OSCC and

helping cells to escape from G1 phase arrest in OSCC [60,
61]. LncRNA CASC2 has been shown to play a similar role
in regulating the cell cycle by targeting CDK1 in OSCC [62].

Evidence has indicated that ncRNAs can operate as
control nodes that govern cellular decisions to perform
certain proliferative or apoptotic activities by regulating
their target genes, thus serving as tumor suppressors in
OSCC. miR-194 can, for example, decrease cyclin D1
expression and promote p21 expression by inhibiting
the PI3K/AKT/FoxO3a signaling pathway via suppres-
sion of AGK in OSCC [63]. miR-377 can upregulate its
target gene HDAC9 and inhibit apoptosis of OSCC cells
in part through its effects on the NR4A1/Nur77 pathways
[64]. LncRNAs HOXA11-AS and LINC00958 have been
found to inhibit apoptosis of OSCC cells by sponging
miRNAs in the miR-98-5p-YBX2 and miR-185-5p/
YWHAZ axes, respectively [65, 66]. LncRNA MEG3
plays a role in OSCC as a growth suppressor by regulat-
ing the miR-548d-3p/JAK-STAT pathway [67]. It has
also been found that circ-DOCK1 and circR-100,290
can regulate BIRC3 and CDK6 by sponging miR-196a-
5p and miR-29b, respectively, thereby participating in
the regulation of OSCC. This evidence was based on
tumor formation experiments in nude mice [68, 69].
However, all of the abovementioned growth-suppressing
ncRNAs are expressed at low levels in OSCC. Thus,
OSCC cells escape these growth inhibiting processes.

Reprogramming of the energy metabolism network medi-
ated by ncRNAs is an alternative strategy used by OSCC cells
to survive. Glut1 has been identified as a popular target by
which ncRNAs regulate energy metabolism. It has been sug-
gested that miR-143 targeting hexokinase 2 and miR-340
targeting Glut1 are important for cellular glucose metabolism
and proliferation in OSCC, which was confirmed in a xeno-
graft model [70, 71]. Similarly, experimental findings indicat-
ed that miR-31-5p-ACOX1 changes the lipid metabolome in
OSCC, promoting the expression of certain esters [72].
LncRNAs ELF3-AS1 and GAS5 have been found to promote
the proliferation of OSCC cells by regulating Glut1 and
reprogramming glucose metabolism [73, 74].

4.2 Acquisition of invasive and metastatic abilities

The contribution of ncRNAs to the acquisition of invasive and
metastatic abilities byOSCC cells can be broadly grouped into
the following mechanisms (Fig. 3). Aberrant expression of
some ncRNAs facilitates the separation of OSCC cells from
each other and from the extracellular matrix (ECM), but they
increase the adhesion of OSCC cells to basement membranes.
Zheng et al., for instance, revealed that TNF-α can inhibit the
metastasis of OSCC cells in a miR-765high/EMP3low/
p66Shchigh pattern-dependent manner [75]. LncRNA
HOTAIR, which is overexpressed in OSCC, can promote
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malignancy of OSCC by recruiting EZH2 and H3K27me3 to
local chromatin, resulting in suppression of E-cadherin ex-
pression [76]. Aberrant ncRNA expression can also promote
ECM degradation.MMP2 has been found to be upregulated in
OSCC cells due to a low expression of miR-29a, which di-
rectly targets MMP2. These observations suggest that miR-
29a plays an inhibitory role in the invasion and migration of
OSCC cells [77]. LncRNA FOXC1 can recruit FOXCUT to

local chromatin and promote the expression of MMPs and
VEGF-A, resulting in an increased proliferation and migration
of OSCC cells [78, 79]. Aberrant expression of other
ncRNAs, in turn, can regulate transcription factors whose
downstream pathways contribute to the migration and inva-
sion of OSCC cells. It has been found, for example, that over-
expression of ΔNp63, a direct target of miR-138-5p, which
decreases ΔNp63 expression [80], can reduce miR-138-5p

Fig. 2. ncRNAs involved in regulating proliferation and survival in
OSCC. ncRNAs can mediate the generation of growth factors, promote
the presence of growth factor receptors on the cell surface, activate
signaling pathways downstream of these receptors and disrupt the
secretion of growth factors, leading to a proliferative stimulus of OSCC
cells. In the EGF/PI3K/AKT pathway, miR-375 and lncRNA
AC1322.17.4/miR-23a-3p inhibit OSCC cell proliferation by reducing
the levels of IGFR and IGF/EGF, respectively. cicR-0007059 can pro-
mote OSCC cell proliferation via the AKT pathway. In the WNT path-
way, miR-27b and sponging of miR-224-5p by lncRNA FTH1P3 inhibit
Frizzled at the cell surface, and the lncRNA RBM5-AS1/miR-1285-5p

axis can regulate YAP/TAZ to reduce the proliferation of OSCC cells (the
colored circles represent circRNA; TF = transcription factor). miR-155
promotes the expression of CDK2/4/6 and Cyclin D2/E by simultaneous-
ly inhibiting BCL6 and p21Cip1/p27kip1. circR-100,290 and lncRNA
PDA3P sponge miR-29b and miR-185-3p, respectively, which allows
OSCC cells to escape the checkpoint by mediating CDK expression.
LncRNAs ELF3-AS1 and GAS5, and miR-340 and miR-143 target
Glut and mediate glycolysis in OSCC cells. LncRNAs Meg3 and circR-
DOCK1 sponge miR-548d-3p and miR-196a-5p, which target the JAK/
STAT pathway and BIRC1, respectively, thus regulating apoptosis.
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transcription in OSCC cells, which results in a ΔNp63high/
miR-138-5plow pattern that is partly the result of positive feed-
back. This dysregulation increases the growth and migration
of OSCC cells. LncRNAs LINC00974 and HCP5 promote
OSCC cell migration and invasion via the miR-122/RhoA
and miR-140-5p/SOX4 axes, respectively [81]. As mentioned
before, lncRNANEAT1 is a potential biomarker for OLP and
a recent study has shown that NEAT1 can act as a ncRNA
sponge for miR-365 and promote OSCC cell proliferation and
invasion by regulating RGS20 [82]. Dysregulated ncRNAs
can also promote surface expression of receptors that contrib-
ute to metastasis and invasion of OSCC cells. Yuan et al.
reported, for example, that miR-101 inhibits OSCC cell
growth, invasion and migration by targeting CXCR7 [83].

4.3 Remodeling the tumor microenvironment

The tumor microenvironment (TME) is a complex network
composed of a variety of cell types (e.g. endothelial cells,
fibroblasts, immune cells) and extracellular components (e.g.
cytokines, growth factors, hormones, ECM) that surround tu-
mor cells [84–86]. In recent years, many studies have revealed
that ncRNAs, as extracellular components, can participate in
the regulation of the TME andmediate the interaction between
tumor cells and other cells, including endothelial cells, fibro-
blasts and immune cells, in the TME to promote the develop-
ment and invasion of tumors.

One of the characteristics of a hostile TME is poor oxygen
(O2) and nutrient supply. The strategy for tumor cells to

Fig. 3. ncRNAs involved in acquiring invasive and metastatic
abilities in OSCC. ncRNAs can increase the ability of OSCC cells to
invade and metastasize by decreasing the number of cell attachments.
miR-497 targets Smad7 to mediate TGF-β, and increased miR-765 re-
duces the expression of adhesion molecules, including EMP-3, ZO-1 and
E-cadherin, on the surface of the cell. LncRNA LINC01116 regulates
RhoA via miR-122 and participates in the TGF-β pathway. The
lncRNA LINC01116/miR-136 axis regulates FN1 and adhesion between
cells and the extracellular matrix (ECM) in OSCC. miR-29 increases the
expression of the adhesion molecule CX3CL1 in OSCC cells to increase

their adhesion to the basement membrane, and it promotes ECM degra-
dation by increasing MMP2 secretion. LncRNAs H1 and FALEC (which
sponge miR-21), the lncRNA HCP5/miR-140-5p axis and lncRNA
LUCAT1 regulate the expression of the pleiotropic transcription factors
EZH2, SOX4 and FOXCUT, respectively. LncRNA FOXC1 can recruit
FOXCUT to local chromatin and promote the expression ofMMPs. miR-
424-5p plays an important role in irregular loop activity, as the SOCS2/
STAT5/miR-424-5p axis regulates invasion and metastasis. miR-138-5p
targets ΔNp63 and is upregulated byΔNp63 in OSCC cells.
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escape the stress from hypoxia and poor nutrient supply is
angiogenesis. Current studies have shown that low levels of
miR-126 and miR-320 in OSCC cells are involved in activa-
tion of angiogenesis and lymphangiogenesis via VEGF-A and
NRP1, respectively, which was confirmed by in vivo tumor
growth experiments [87, 88]. In addition, Li and colleagues
found that depletion of miR-21 in hypoxic OSCC cells results
in low miR-21 expression in exosomes, leading to reduced
metastasis and invasion. This effect can be rescued by the
introduction of miR-21 in exosomes released by OSCC cells
grown under normoxic conditions [89]. Similarly, it was
shown that when miR-200c-3p was transferred via exosomes,
the recipient OSCC cells with a low risk of invasion were
prompted towards invasion by disruption of CHD9 and
WRN [90]. Moreover, transmission of drug-resistant pheno-
types mediated by ncRNAs depends on a similar pattern.
Exosomes containing miR-21 from cisplatin-resistant OSCC
cells were found to promote chemoresistance by targeting
PTEN and PDCD4 in recipient OSCC cells [91].
Additionally, injection of exosomes containing miR-21 from
cisplatin-resistant OSCC cells induced cisplatin resistance in
OSCC murine models [91].

ncRNAs play an important role in communication between
tumor cells and other cell types in the TME. The main stromal
cell type in the TME is represented by cancer-associated fi-
broblasts (CAFs) [92], which were found to be capable of
transferring exosomes containing miR-34a-5p to OSCC cells.
This miRNA binds to AXL, resulting in inhibition of the AKT/
GSK-3β/β-catenin pathway in OSCC cells. Moreover, injec-
tion of Cal27 cells with CAF-expressed miR-34a-5p reduced
the tumorigenicity of OSCC in vivo [93]. miR-382-5p in
exosomes derived from CAFs has been found to promote
the migration and invasion of OSCC cells [94]. The immune
cells in the TME are essential regulators of interactions be-
tween cancer cells and the TME. It was found that miR-29a-
3p in exosomes from OSCC promotes M2 subtype polariza-
tion by activating SOCS1/STAT6 signaling in tumor-
associated macrophages [95]. In addition, a study focusing
on miRNA profiles in extracellular vesicles from OSCC cells
revealed that oncogenic miRNA could reprogram monocytes
via the NF-κB pathway [96].

It appears that the only research reported on the role of
ncRNAs in remodeling the TME in OSCC relates to
miRNAs. Given the complexity of the regulatory network of
the TME and the important roles of lncRNAs and circRNAs in
cancer development, we recognize that also these latter RNAs
likely play essential roles in remodeling the TME. Several
studies have underscored this notion. LncRNA NKILA has,
for example, been found to promote immune evasion of tu-
mors by sensitizing T cells to activation-induced cell death in
breast cancer [97]. Under hypoxic stress, lncRNA CamK-A
activated NF-kB via the Ca2+ signaling pathway and
remodeled the TME in breast cancer. Furthermore, the

circ_0000977/miR-153 axis has been found to enable a
MICA- and HIF1A-mediated immune escape of pancreatic
cancer cells from NK cells [98, 99]. LncRNAs and
circRNAs in OSCC may have a similar effect in remodeling
the TME, which turns them into promising targets for OSCC
treatment.

5 ncRNAs: From the bench to the clinic

Accumulating evidence indicates that ncRNAs have the po-
tential to be used in diagnosing OPMDs. It has been found, for
example, that lncRNANEAT1, miR-21/184 and miR-145 are
deregulated but stably exist in the saliva of patients with
OPMDs and OSCC [100, 101]. In addition, it has been found
that miR-196 in plasma of patients with OPMDs may serve as
a biomarker for early cancer detection, whereas no significant
association of miR-196 expression was found with demo-
graphic characteristics of patients, including sex, age and
smoking status [102]. Another report has indicated that miR-
375/21/181b and miR-345 are consistently elevated and relat-
ed to the degree of lesion severity during disease progression
[20]. Zhou et al. found that 687 lncRNAs were significantly
and differentially expressed during OSF progression, and that
they may serve as additional biomarkers for the diagnosis of
OPMDs [46]. The levels of these ncRNAs changed gradually
during progressive stages of OSCC, suggesting that at least a
subset of these ncRNAs may constitute a signature for OPMD
progression.

In considering the application of ncRNAs in the detection
of OSCC, miRNAs in serum, plasma and saliva have been
proposed for many years to serve as biomarkers for oral can-
cer. Many studies have reported that several ncRNAs have the
potential to be used as noninvasive biomarkers for diagnosing
oral cancer. For example, many miRNAs, including miR-136,
have been reported to be present at lower levels in saliva of
patients with OSCC than in those of normal control subjects
[103]. In addition, it has been found that serum levels of
lncRNAs AC007271.3, SCCA and TSGF can distinguish pa-
tients with OSCC from healthy individuals [104]. Salivary
levels of circ-0001874 and circ-001971 have also been tested
as early biomarkers for establishing the diagnosis, TNM stage
and tumor grade of OSCC [105].

To date, several efficient methods for using ncRNAs to
treat OSCC have been reported in experimental animal
models. It has, for example, been found that intravenous in-
jection of antisense miR-21 oligonucleotides into OSCC mu-
rine models reduced tumor growth [106]. In addition, when
cells overexpressing lncRNA AC132217.4 were injected in-
travenously in nude mice, the mice exhibited an increased
number of lung nodules [107]. Moreover, when tumor cells
overexpressing circ-AKT3 were injected into nude mice, they
showed a decreased ability to form cancers [108]. In 2013, the
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Texas-based company Mirna Therapeutics began using
MRX34, a miR-34 mimic, for treating cancer. It became the
first miRNA drug to reach phase 1 trials. However, the trial
had to be halted due to unexplained immune-related adverse
events. Therefore, RNA-based treatment of OSCC and
OPMDs requires additional research before it can be clinically
applied.

6 Conclusions and perspectives

A biological role of ncRNAs in various diseases has amply been
demonstrated. Many studies have, however of high quality,
failed to exactly define the mechanisms of action of ncRNAs.
One clear example is a study demonstrating that transfection of a
miR-545 mimic into OSCC cells can downregulate RIG-I pro-
tein expression, but to substantiate this notion only one plain
Western blot image was presented [109]. In addition, most cur-
rent studies focus on miRNAs and conventional functions of
ncRNAs, such as miRNAs downregulating target expression
and lncRNAs and circRNAs sponging miRNAs. These focused
studies may overlook broader perspectives of ncRNAs.
Therefore, increased attention should be devoted to uncovering
unconventional regulatory mechanisms related to ncRNAs, es-
pecially lncRNAs and circRNAs, in OPMDs and OSCC.

The stable presence of ncRNAs in multiple body fluids has
potential as biomarkers and prognostic indicators for malig-
nant OPMDs and OSCC, respectively. As such, they may
provide a new type of diagnostic tool in the clinic. A liquid
biopsy is representative of a noninvasive method and is less
painful. There are many conflicting results regarding the early
diagnosis of OSCC because of varying sample resources and
demographic differences (such as ethnicity), which may affect
the diagnostic efficacy of ncRNAs [110]. Once these prob-
lems are addressed, however, these biomarkers may guide
the detection, risk assessment, and treatment decisions in pa-
tients with OPMDs and OSCC, especially in patients with
OPMDs that are at risk for malignant transformation.

Several studies have shown that ncRNA-based treatment
regimens have potential as promising alternatives for treating
OPMDs and OSCC. MiR-21 and lncRNA UCA1/miR-184
have, for instance, been linked to cisplatin resistance in
OSCC, and targeting these ncRNAs in conjunction with cis-
platin treatment may improve patient outcome [91, 111].
However, identifying the ideal ncRNA candidates as targets
for OPMDs and OSCC is still a major challenge in ncRNA-
based treatment. Also other problems, including tissue-
specific targeting, potential toxicities and off-target effects,
need to be solved before ncRNAs can be used as mainstream
therapeutic targets for OPMDs and OSCC. Once these issues
are resolved, ncRNAs may increasingly be implemented as
alternative treatment options for patients with OSCC and
OPMD.T
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Overall, research on ncRNAs has added an extra layer of
complexity to our understanding of the malignant progression
of oral mucosal diseases (Table 2). Given the large number of
ncRNAs that exist, those reviewed in this article may repre-
sent only a small portion of the ncRNAs functionally related
to the malignant progression of oral mucosal diseases. Thus,
also here additional research is warranted. The lack of ade-
quate treatment targets and administration methods remain
major challenges for adequately addressing the malignant pro-
gression of oral mucosal diseases in the near future.
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