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Abstract

Oral cancer progresses from asymptomatic to advanced stages, often involving cervical lymph node metastasis,
resistance to chemotherapy, and an unfavorable prognosis. Clarifying its potential mechanisms is vital for
developing effective theraputic strategies. Recent research suggests a substantial involvement of non-coding RNA
(ncRNA) in the initiation and advancement of oral cancer. However, the underlying roles and functions of various
ncRNA types in the growth of this malignant tumor remain unclear. Competing endogenous RNAs (ceRNAs) refer
to transcripts that can mutually regulate each other at the post-transcriptional level by vying for shared miRNAs.
Networks of ceRNAs establish connections between the functions of protein-coding mRNAs and non-coding
RNAs, including microRNA, long non-coding RNA, pseudogenic RNA, and circular RNA, piwi-RNA, snoRNA. A
growing body of research has indicated that imbalances in ceRNAs networks play a crucial role in various facets of
oral cancer, including development, metastasis, migration, invasion, and inflammatory responses. Hence, delving
into the regulatory pathways of ceRNAs in oral cancer holds the potential to advance our understanding of the
pathological mechanisms, facilitate early diagnosis, and foster targeted drug development for this malignancy. The
present review summarized the fundamental role of ceRNA network, discussed the limitations of current ceRNA
applications, which have been improved through chemical modification and carrier delivery as new biomarkers
for diagnosis and prognosis is expected to offer a groundbreaking therapeutic approach for individuals with oral
cancer.
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Introduction

Oral cancer (OC) is the sixth most common cancer
worldwide [1]. It includes tumors that arise in differ-
ent areas such as the lips, hard palate, upper and lower
alveolar ridges, anterior two-thirds of the tongue, sub-
lingual area, buccal mucosa, retromolar trigone, and the
bottom of the oral cavity [2]. From a histological stand-
point, oral squamous cell carcinomas (OSCC) account
for over 90% of malignant neoplasms in the oral cavity
[3]. The absence of distinct diagnostic indicators and
clinical features makes early detection challenging for
OC, resulting in a lower overall survival rate for patients
[4]. Currently, there are about 370,000 new cases of OC
worldwide each year, with approximately 170,000 deaths,
two-thirds of which come from the Asian region [5].
Simultaneously, diverse non-invasive detection technolo-
gies have emerged for identifying precancerous lesions
and diagnosing OC [6], such as oral cytology detection
[7], oral spectroscopy [8], and the use of biomarkers in
saliva to reflect the metabolic status of patients under
pathological conditions [9]. These technologies exhibit
specific levels of sensitivity and specificity, proving ben-
eficial in the diagnosis of OC. In the treatment of OC,
comprehensive treatment regimens have been devel-
oped, including expanded primary tumor resection and
neck lymph node dissection, as well as preoperative and
postoperative adjuvant radiotherapy or chemotherapy
[10]. Despite advancements in diagnostic and therapeu-
tic methodologies, the survival rates for individuals with
OSCC have shown limited improvement over the pre-
ceding decades. Even after surgical resection, 16-20%
of patients may experience local recurrence with poor
prognosis [11]. The latest progress in genome sequencing
has revealed the molecular mechanisms of OSCC patho-
genicity, which is mainly caused by abnormal molecu-
lar expression. These factors encompass the gathering
of genetic and epigenetic alterations, along with abnor-
malities in signaling pathways associated with cancer
[12]. These discoveries have prompted a reconsidera-
tion of how OSCC is diagnosed and treated. Although
most studies on OSCC have focused on the mechanism
of RNA involved in gene expression regulation and post-
transcriptional regulation, the network regulatory inter-
actions and crosstalk of overall RNA (especially ncRNA)
have not been fully explored at different stages of OSCC
development.

A small fraction, less than 2%, of the genes within
the human genome is responsible for encoding pro-
teins. Those genes that don’t encode proteins are
termed non-coding RNAs, and they actively contrib-
ute to the intricate regulation of gene expression [13].
While microRNAs (miRNAs) and messenger RNAs
(mRNAs) have been extensively investigated, a more in-
depth analysis is needed to comprehend the functions of
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additional non-coding RNAs. The progress in next-gen-
eration sequencing technology undeniably has facilitated
the identification of a vast array of non-coding RNAs
(ncRNAs), gradually unveiling their biological functions
[14]. In 2011, Pandolfi and colleagues proposed the com-
peting endogenous RNA (ceRNA) hypothesis based on
a comprehensive review of existing microRNA research
[15]. The ceRNA hypothesis suggests that as long as ceR-
NAs contain identical microRNA response elements
(MREs) in their 3’-UTRs, it can absorb miRNA, like a
sponge, via base complementation, thereby reducing or
enhancing the stability of target RNA, and limit or pro-
mote the efficiency and degree of target RNA expression,
thus mediating physiological and pathological processes
within the organism. With the deepening of ceRNAs
research, it is found that IncRNA, circRNA, and pseu-
dogene transcripts can also act as ceRNAs and bind to
miRNAs [16], modulating the expression of related genes
(Fig. 1).

Studies have shown that in OC, ceRNAs can competi-
tively bind miRNAs with the mRNA 3'UTR of oncogenes,
tumor suppressor genes, and other cancer-related signal-
ing pathway factor. This competitive binding promotes or
inhibits the functions of microRNA [17-19], and plays
a crucial role in the occurrence, progression, invasion,
metastasis, and drug treatment of tumors. Hence, the
exploration of RNA associated with the ceRNA network
throughout the progression of OC can offer fresh per-
spectives on the biological mechanisms underlying the
pathogenicity of OC. Furthermore, it may help to explore
potential targeted therapy and predict molecular mark-
ers. This review aims to demonstrate the various compo-
nents of ceRNAs network regulation, and highlight the
biological functions of miRNAs, IncRNAs, circRNAs and
transcriptional pseudogene. More importantly, the dis-
cussion focuses on the significant function of recent ceR-
NAs networks at different stages of OC.

MicroRNAs (miRNAs), small non-coding RNAs pres-
ent within cells, undergo a complex biogenesis process.
The gene encoding miRNA production is transcribed into
pri-miRNAs by polymerase II. Subsequently, the enzyme
Drosha in the nucleus processes pri-miRNAs, generating
pre-miRNAs. These pre-miRNAs are then transported
from the nucleus to the cytoplasm through Exportin-5.
In the cytoplasm, Dicer, an enzyme, cleaves pre-miR-
NAs, resulting in the formation of miRNA duplexes.
Finally, the miRNA duplexes are unwound and loaded
onto Argonauts (Ago) to create miRNA-induced silenc-
ing complexes (miRISCs). These complexes have the abil-
ity to bind to MRE within the target mRNA molecules,
leading to mRNA degradation or inhibition of trans-
lation. Additionally, besides mRNA, there are various
other RNA molecules exist in cells, including IncRNAs,
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Fig. 1 Interaction of different ceRNAs with microRNAs and mRNA

circRNAs, and transcriptional pseudogenes, which also
possess MREs and can function as ceRNAs.

Structural components of ceRNA

MiRNAs as the central node of ceRNA network

miRNAs are endogenously encoded non-coding RNA
molecules, typically around 23 nucleotides in length [20].
Throughout the biogenesis of miRNAs, various cleavage
events, catalyzed by RNases like Drosha and Dicer, occur
to transform primary miRNAs (pri-miRNAs) into mature
miRNA duplexes [21]. Subsequently, the miRNA duplex
is unwound and loaded onto Ago, forming the core effec-
tor complexes called miRISCs [21]. These complexes have
the capability to form complementary sequences with
the 3’-untranslated region (UTR) of the target mRNA,
leading to the inhibition of either its translation or splic-
ing function [22, 23]. Therefore, miRNAs mainly regu-
late target mRNA at the transcriptional level, impacting
diverse biological processes, including organism growth
and development, cell apoptosis, proliferation, defense
against viruses, and lipid metabolism [24]. Nonethe-
less, the regulatory influence of miRNAs can undergo
additional altered based on the abundance of both cod-
ing and non-coding endogenous transcripts. These
transcripts can interact with the same miRNAs through
shared MERs and are suggested to function as ceRNAs,

facilitating indirect crosstalk. Moreover, recent investi-
gations indicate that the efficacy of ceRNAs is subject to
variable factors including the relative abundance of ceR-
NAs and target miRNAs, subcellular localization, and the
presence of RNA binding proteins [25]. Changes in any of
these elements may contribute to diverse cancers arising
from an imbalance in ceRNAs networks. Bioinformatics
technology has recently unveiled a burgeoning involve-
ment of numerous ceRNAs in the context of OC. Conse-
quently, delving into ceRNA networks holds the potential
to offer innovative perspectives on the pathogenesis and
therapeutic approaches for OC.

LncRNA inhibits miRNA interference with target gene
mRNA

LncRNA is an RNA molecule exceeding 200 nucleotides
in length. It functions as a regulatory element, interacting
with various biological components, including proteins,
RNA, and DNA [26]. As IncRNA lacks a clear open read-
ing frame, it refrains from engaging in the process of pro-
tein synthesis [27]. Owing to this attribute, IncRNA was
previously considered mere transcriptional noise associ-
ated with genes, lacking any discernible biological sig-
nificance. However, recent research has illuminated the
multifaceted roles of IncRNA, demonstrating its capac-
ity to function as a signaling mediator, decoy molecule,
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guide, and scaffold for proteins (Fig. 2A). It is implicated
in the regulation of gene expression across various levels,
including epigenetics, transcription, and post-transcrip-
tion. Moreover, IncRNA is implicated in a diverse array of
physiological and pathological processes, such as differ-
entiation, development, malignant transformation, and
beyond [28, 29]. In particular, IncRNAs exhibit differen-
tial expression during the occurrence and development
of OC. Researchers have observed that certain IncRNAs
compete for miRNAs binding domains in cells through
cross-talk in tumors, subsequently inhibiting their abil-
ity to interfere with target mRNA encoded proteins [30],
becoming factors leading to carcinogenesis or cancer
inhibition.
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CircRNA are biomarkers with stable structure and
specificity in the ceRNAs network

CircRNA is a non-coding RNA molecule produced by
irregular splicing of precursor mRNA. Most circRNAs
originate from exons through reverse splicing or lasso
formation, while a few are derived from intronic and
untranslated regions [31]. CircRNA molecule shows a
closed circular structure, lacking 5’ terminal cap and 3’
terminal poly(A) tail [32], which makes it resistant to
nucleic acid exonuclease and impervious to degrada-
tion by enzymes, thus producing more stable expression
(Fig. 2B) [33, 34]. Given its remarkably stable structure,
disease specificity, and extensive presence in bodily fluids
like blood, cerebrospinal fluid, saliva, and urine, circRNA
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Fig. 2 The biogenesis and functions of INcRNAs, circRNAs, and pseudogenes. (A) Biogenesis and cellular function of INcRNAs. IncRNAs are spliced and

exported to the cytoplasm. The IncRNAs that contain one or only few exons are exported to the cytoplasm by nuclear RNA export factor 1

(NXF1). (B)

A schematic showing the biogenesis of circRNAs through the noncanonical back-splicing process, and their reported functional mechanisms. (C) Pseu-
dogenes harbor a complete open reading frame to produce mRNAs. These pseudogenes can produce proteins that exert parental gene-like or parental
gene-unlike functions. In addition, a small number of pseudogenes can be transcribed as fragments of entire mRNAs, generating different peptides that

can induce immune responses or cooperate with parental genes
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exhibits significant promise as a biomarker for dis-
ease prognosis, diagnosis, and treatment [35]. Research
across various cancer types indicates that cellular cir-
cRNA expression profiles possess notable tumor and tis-
sue specificity, playing a pivotal role in cancer initiation,
metastasis, and resistance to treatment [36, 37]. circRNA
harbors numerous binding sites and responsive elements
for miRNAs, allowing it to competitively modulate the
expression of downstream target genes through the inhi-
bition of miRNAs [38], which is a mechanism of their
influence on cancer pathogenesis. Recently data have
proved that frequently disordered circRNAs contribute
to the pathological development of OC and the malig-
nant phenotype in clinical outcomes [39, 40], making it
an effective diagnostic and therapeutic biomarker.

Pseudogenes have the potential to act as ceRNA sponging

miRNAs

The preliminary definition of pseudogenes refers to the
non-functional DNA sequences in the genome. These
sequences are believed to originate from reverse tran-
scription or genomic replication of functional genes [41].
Despite sharing highly similar sequences with normal
genes, pseudogenes have undergone functional losses
concerning cellular gene expression or protein cod-
ing. These losses result from varying levels of deletion/
insertion in different regions and defects in the 5’ ter-
minal promoter region compared to intact genes [42,
43]. These defective changes prevent pseudogenes from
being transcribed or translated, or produce defective pro-
teins, thereby losing their original biological functions
(Fig. 2C). However, the progress of sequencing technol-
ogy shows that pseudogenes can be regulated by their
transcripts, leading to the generation of pseudogene anti-
sense chains [44], endogenous small interfering RNAs
[45], miRNA sponges [46], to regulate genes. It is worth
noting that the ENCyclopedia of DNA Elements project
indicates that pseudogene transcription typically occurs
at low levels and exhibits tissue or cell line specific pat-
terns [47]. Due to the high homology between pseudo-
genes and the parental genes, along with the presence
of a large number of MREs in both gene types [48], the
transcribed pseudogene has the function of serving as a
guide, tethering molecule or ceRNAs, thus connecting to
sponge miRNAs [49]. While previous studies have dem-
onstrated that pseudogenes and their transcripts play an
important regulatory role in tumor development such
as breast cancer, hepatocellular carcinoma, among oth-
ers [50], the role of pseudogenes as ceRNAs in OC has
not been well-understood, and detailed data from clini-
cal studies are lacking. Further exploration is required in
subsequent experiments.
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LncRNA/miRNA/mRNA networks

LncRNA MALAT1 as ceRNAs promotes OC progression
Situated on human chromosome 11q13, the Long non-
coding RNA Metastasis Associated Lung Adenocarci-
noma Transcript-1 (MALAT1) is a remarkably conserved
IncRNA implicated in the carcinogenesis of various can-
cers, including lung cancer, osteosarcoma, and gastric
cancer [51, 52]. OSCC yielded a statistically significant
higher expression of MALAT1 than healthy controls
[53]. Signal Transducer and Activator of Transcription 3
(STAT3) serves as a pivotal transcription factor, crucial
in regulating tumor growth, cell survival, and immune
responses [54]. According to bioinformatics findings,
it has been identified as the target gene of miR-125b
in OSCC. In a groundbreaking discovery, Chang et al.
established that MALATI, for the first time, operates as
a ceRNA, influencing STAT3 expression by absorbing
miR-125b in OSCC [55]. In addition, MALAT1 can also
combines with miR-224-5p to promote the transcrip-
tion of histone lysine demethylases 2 A, thereby leading
to OSCC cell proliferation. During this process, the MRE
of MALAT1 competitively binds to miR-224-5p, exert-
ing ceRNAs effects, enhancing the viability and colony
formation capacity of OSCC cell [56]. These new findings
help to elucidate the key function of the ceRNAs network
regulated by MALAT1 in the development of OC, thus
providing a potential target for the treatment of OSCC,
and representing a promising avenue to slow down tumor
progression.

LncRNA CYTOR mediates OC chemotherapy resistance and
EMT

Encoded on the human chromosome locus 2p11.2, the
long non-coding RNA CYTOR has been demonstrated
to enhance the invasion, migration, and drug resistance
of tumors [57, 58]. Research has indicated that Forkhead
box D1 (FOXD1) experiences upregulation in OSCC
and is associated with a predicted poor prognosis [59].
Additionally, the ectopic expression of FOXD1 has been
observed to promote the epithelial-mesenchymal tran-
sition (EMT) and chemoresistance in OSCC, both in
vitro and in vivo. Further mechanistic investigations
have uncovered that FOXD1 binds to the promoter of
CYTOR, activating its transcription. Acting as a ceRNA,
FOXD1 suppresses miR-1252-5p and miR-3148, resulting
in the upregulation of the lipoma preferred partner (LPP)
expression [60]. Notably, the expression of LPP has been
found to be positively correlated with patient survival and
chemotherapy resistance by regulating endothelial cell
motility and permeability [61]. These findings underscore
the essential role of the CYTOR/LPP pathway in FOXD1-
induced EMT and chemoresistance in OSCC, highlight-
ing the clinical prognostic significance of FOXD1.
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LncRNA JPX enhances OSCC carcinogenicity through
ceRNA network

LncRNA JPX is a molecular switch of X chromosome
activation, which can precisely regulate alleles or loci
[62]. Studies have shown that IncRNA JPX is upregu-
lated expression in various cancers such as non-small cell
lung cancer [63], ovarian cancer, and lung cancer [64].
Cadherin 2 (CDH2) protein, known as N-cadherin, is a
Ca?*-dependent cell-surface protein that mainly facili-
tates intercellular adhesion and migration [65]. Recent
research has found that IncRNA JPX is primarily located
within the cytoplasm of OSCC cells, where it binds to
miR-944 through the ceRNAs mechanism and pro-
motes the expression of CDH2, consequently enhancing
the oncogenic potency of OSCC cells [66]. Notably, the
heightened expression of CDH2 reinstated the attenu-
ation of oncogenic behaviors in OSCC cells induced by
the silenced long non-coding RNA JPX. In rescue experi-
ments, the absence of IncRNA JPX resulted in the inhi-
bition of proliferation, migration, and invasion of OSCC
cells. Conversely, reduced levels of IncRNA JPX expe-
dited apoptosis in OSCC cells [66]. Furthermore, the
analysis of Cancer Genome Atlas data has unveiled a cor-
relation between long non-coding RNA JPX and pyrop-
tosis, influencing the presence of immune cells within the
microenvironment of OSCC [67].

LncRNA NORAD as ceRNA facilitates OSCC progression

Qi et al. have demonstrated that IncRNA activated by
DNA damage (NORAD) acts as a tumour promoter by
binding to miR-577, leading to increased expression of
tropomyosin 4 (TPM4), thereby contributing to acceler-
ate the progression of OSCC [68]. Additionally, the inves-
tigation observed elevated NORAD expression in both
OSCC tissues and cells, aligning with the identification
of NORAD exhibiting high expression levels in cervical
cancer [69]. Notably, IncRNA NORAD is also reported to
be up-regulated in in pancreatic cancer [70] and breast
cancer [71]. Furthermore, TPM4, belonging to the tropo-
myosin family of actin-binding proteins, exhibits height-
ened expression across diverse cancers, encompassing
OSCC [72, 73]. The mechanistic investigation unveiled a
positive correlation between the expression of TPM4 and
IncRNA NORAD. Furthermore, the diminished migra-
tory ability due to NORAD silencing could be partially
restored through co-transfection with TPM4 [68]. MiR-
577 acts as a mediator between NORAD and TPM4,
thereby contributing to the effectiveness of the NORAD/
miR-577/TPM4 axis in regulating the behavior of OSCC
cells [68].
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LncRNA AC007271.3 and IncRNA PVT1 as ceRNAs promotes
cell proliferation, invasion, migration and inhibits cell
apoptosis of 0SCC

Situated on chromosome 2, long non-coding RNA
AC007271.3 exhibits elevated expression in serum, show-
casing an association with clinical stage and an unfavor-
able prognosis [74]. Recent research indicates that long
non-coding RNA AC007271.3 predominantly resides
in the cytoplasm, with a partial presence in the nucleus
[75]. Given the close connection between IncRNA func-
tion and subcellular localization, it is plausible that
IncRNA AC007271.3 primarily operates as an endoge-
nous miRNA sponge, influencing the expression of target
genes. A recent investigation has unveiled a potential car-
cinogenic mechanism, wherein IncRNA AC007271.3 acts
as a ceRNA [76]. This leads to the upregulation of Slug
expression by binding to miR-125b-2-3p, disrupting the
stability of primary miR-125b-2, and subsequently expe-
diting the growth of OSCC [76]. Suppression of IncRNA
AC007271.3 results in elevated E-cadherin expression
and diminished Slug expression. This suggests that Slug,
by inhibiting E-cadherin expression, has the potential
to modulate the EMT phenotype, consequently fos-
tering the migration and invasion of OSCC cells [76].
Conversely, the E-cadherin/p-catenin complex, in con-
junction with cytoskeletal components, plays a pivotal
role in governing the establishment of a mature adher-
ent junction. Recent investigations have also suggested
that long non-coding RNA AC007271.3 has the potential
to modulate the translocation of -catenin. This, in turn,
activates the Wnt/B-catenin signaling pathway, fostering
cell proliferation, migration, and invasion, while con-
currently suppressing cell apoptosis in OSCC [77]. This
phenomenon may arise due to Slug’s role in diminishing
E-cadherin expression and enhancing the dissociation of
B-catenin. Consequently, B-catenin translocate from the
cytoplasm to the nucleus, thereby activating the Wnt/p-
catenin signaling pathway.

PVT1 downregulation reversed the effects of PVT1
overexpression, which enhanced cell invasion, motil-
ity, and proliferation. In OSCC cell lines and in vivo, the
PVT1/miR 150 5p/GLUT 1 signaling axis promoted cell
invasion, migration, proliferation, and suppressed apop-
tosis. PVT1 is elevated in human OSCC tumor tissues
and is linked to patients’ poor prognoses [78].

LncRNA-p23154 regulates glucose metabolism through
ceRNAs networks

The Warburg effect, commonly referred to as glycolysis,
is widely acknowledged as a central hallmark present in
nearly all types of human cancers [79]. In their earlier
research, Wang et al. identified an IncRNA called Inc-
p23154, whose expression shows correlation with param-
eters such as tumor size, clinical stage, and lymph node
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metastasis in individuals with OSCC [80]. Furthermore,
the increased expression of Inc-p23154 led to elevated
glucose consumption and lactate production. Addition-
ally, the glycolysis stress assay indicated that the modu-
lation of IncRNA-p23154 could impact the extracellular
acidification (ECAR) level in OSCC cells, influencing
glycolysis under basal conditions, as well as glycolytic
capacity and the glycolytic reserve [80]. Mechanistically,
Inc-p23154 enhances Glutl expression by inhibiting the
transcription of miR-378a-3p, which directly targets
the 3 'UTR of Glutl [80]. Glutl stands out as the exten-
sively expressed glucose transporter, regulating basal
glucose uptake across various tissues [81]. The excessive
expression of GLUT1 usually observed in various types
of tumors is considered necessary to meet the enor-
mous energy requirements for cancer growth, suggest-
ing that GLUT1 is an indicator of carcinogenesis [82].
In addition, knockout of Glutl can significantly inhibit
the expression of genes involved in cancer invasion and
migration, including MMP1 and CTGE, while Inc-p23154
can reverse this effect [80]. As a result, interfering with
Inc-p23154 to switch the metabolic mode of tumors may
be a potential target for OC therapy.

LncRNA LTSCCAT mediates TSCC development and EMT

The imbalance in the microbiota and chronic inflam-
mation, particularly in cases of periodontitis, has been
established as having a connection to the onset and
advancement of tumors, thereby elevating the suscepti-
bility to OC [83]. It is known that Porphyromonas gingi-
valis (P.g) is the main pathogen of periodontitis. Research
findings indicate that the colonization level of P.g in
OSCC is notably elevated compared to adjacent tissues,
contributing to heightened invasion and migration of
gingival epithelial cells [84]. Research conducted by Liu et
al. demonstrated that exposing the tongue squamous cell
carcinoma (TSCC) cell line to low-concentration lipo-
polysaccharide (LPS) derived from P.g (P.g-LPS) induces
elevated levels of IncRNA LTSCCAT and SMYD3, con-
sequently leading to an increase in the EMT-related
transcription factor, Twist1 [85], which induces the trans-
formation of epithelial cells into mesenchymal cells both
in vivo and in vitro, ultimately facilitating the invasion
and metastasis of TSCC. Mechanistic investigations have
revealed that LTSCCAT directly impedes the expression
of miR-103a-2-5p, which has binding sites on the 3'UTR
of SMYD3, thereby inhibiting its translation [85]. Fur-
thermore, the reduction of LTSCCAT in P.g-LPS-treated
TSCC cells led to mesenchymal-epithelial transition
(MET), restoring the epithelial phenotype and regaining
adhesion ability. In contrast, untreated TSCC cells exhib-
ited an upregulation of LTSCCAT during EMT. Conse-
quently, the expression level of LTSCCAT may regulate
EMT/MET in TSCC, and reducing LTSCCAT expression
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could potentially promote MET, leading to a more favor-
able prognosis.

LncRNA MPRL participates in the regulation of
chemotherapy sensitivity

Cisplatin has been used to treat a wide variety of solid
tumors, but it often leads to the development of chemo-
therapy resistance and therapeutic failure [86]. The initial
response rate of patients with OSCC to platinum-based
therapies is 80.6% [87]; Nevertheless, more than 70% of
patients ultimately experience a recurrence as a result of
acquired drug resistance in the tumor [88]. Research has
indicated that dysregulated mitochondrial dynamics play
a role in apoptosis regulation and are associated with var-
ious diseases, encompassing cancer [89]. In their study,
Song et al. observed an upregulation of the mitochondrial
fission protein FIS1 following cisplatin exposure in TSCC
cells. Suppressing FIS1 through knockdown mitigated
both mitochondrial fission and cisplatin sensitivity, with
FIS1 being a direct target of miR-483-5p. MiR-483-5p
demonstrated the ability to impede mitochondrial fission
and reduce cisplatin sensitivity in both in vitro and in vivo
settings [90]. Moreover, in TSCC cell lines subjected to
cisplatin treatment and activated by E2F1, a noteworthy
upregulation of IncRNA NR_034085, referred to as miR-
NAs processing-related IncRNA (MPRL), was observed.
Neoadjuvant chemosensitivity and improved prognosis
for TSCC patients were substantially correlated with high
expression of MPRL and pre-miR-483 and low expression
of miR-483-5p [91]. In terms of mechanisms, the cyto-
plasmic MPRL intricately modulates the miR-483-5p-
FIS1 axis by directly interacting with the pre-miR-483.
This interaction impedes the recognition and cleavage
process facilitated by the TRBP-DICER complex on the
pre-miR-483, consequently fostering mitochondrial fis-
sion and enhancing the chemical sensitivity to cisplatin
[91]. Moreover, the manipulation of MPRL expression,
either through overexpression or knockdown, in mouse
xenografts resulted in notable changes in tumor cell
apoptosis and growth. Conversely, individuals exhibit-
ing low MPRL expression were observed to lack sensitiv-
ity to cisplatin-based chemotherapy, thereby precluding
any potential benefits from neoadjuvant chemosensitiv-
ity [91]. These findings have elucidated a model for the
regulation of mitochondrial fission influencing the chem-
ical sensitivity of cisplatin through RNA biosynthesis in
cancer cells. This model provides an explanation for the
tumor inhibitory effect of MPRL.

Impact of IncRNA HOTAIR polymorphisms linked to the
predisposition to OC

Recent research has connected the susceptibility to
oral cancers to polymorphisms in HOTAIR. Compared
to human oral keratinocytes and normal oral mucosa
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tissues, HOTAIR was strongly expressed in both OSCC
tissue samples and cell lines [92]. The migration, inva-
sion, and EMT of OSCC cells were markedly reduced
by silence of HOTAIR. By efficiently sponging miR-326,
HOTAIR functioned as a ceRNA and modulated the sup-
pression of metastasis-associated gene 2 (MTA?2) [93].

LncRNA H19 is contribute to glucose metabolism in OC
LncRNA H19 was found to be a crucial IncRNA in OC-
associated fibroblasts (CAFs) and was increased in both
CAFs and OC cell lines at the same time. Glycolysis,
migration, and proliferation in oral CAFs were impacted
by IncRNA H19 knockdown. LncRNA H19 was found to
be a crucial IncRNA in oral CAFs and was increased in
both CAFs and OC cell lines at the same time. Addition-
ally, the glycolysis pathway in oral CAFs was promoted
via the IncRNA H19/miR-675-5p/PFKFB3 axis [94]. The
majority of tumor tissues from OSCC patients (97%) dis-
played hypomethylation of IncRNA H19 compared to
normal oral mucosa tissues. Hypomethylation of IncRNA
H19 was associated with a significantly lower 5-year sur-
vival rate in OSCC patients [95].

LncRNA MEG3 and UCAT1 inhibits self-renewal and invasion
abilities of OC stem cells
The MEG3 gene locus is modified by H3K27me3, which
results in low expression of the IncRNA MEG3 [96].
Overexpression of IncRNA MEG3 suppresses the ability
to proliferate, invade, and self-renew. LncRNA MEG3-
inhibited properties are reversed by elevation of miR-
421 in OC stem cells. Additionally, the interaction with
GATAS3 is necessary for the anticancer activity of IncRNA
MEGS3 in OSCC cells. In OC tissues, MEG3 is downregu-
lated and associates with a poor bad prognosis [97].
LncRNA UCA1l-rich CSC-secreted sEVs were trans-
ferred to unpolarized macrophages and induced mac-
rophage polarization toward protumor-related M2
macrophages by targeting LAMC2 via the PI3K/AKT

Table 1 The role of INcRNA as ceRNAs in OC
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pathway. LncRNA UCAL1 was elevated in OSCC-CSC-
derived sEVs. By altering the immunosuppressive milieu,
OSCC-CSCs employ sEV-transferring UCA1 to promote
tumorigenicity and facilitate OSCC cell migration and
invasion [98]. UCAL targets miR-184 and miR-124, which
contributes to the malignant progression of OSCC [99,
100]. In tongue squamous cell carcinoma tissues, UCA1
expression levels are abnormally elevated and related
to TNM stage and lymph node metastases. Silencing
UCA1 causes OSCC to undergo apoptosis and inhibits
growth and metastasis [101]. Therefore, more efforts are
required to better identify the role and crucial mecha-
nisms of OSCC-specific IncRNAs in the progression of
OSCC, which effectively improve our understanding of
the occurrence and progression of OSCC and eventually
facilitate the development of LncRNA-mediated diagno-
sis and therapy.

The ceRNA crosstalk mediated by IncRNA in the pro-
gression of OC has been compiled in Table 1.

CircRNA/miRNA/mRNA networks

Hsa_circRNA_100290 serves as a ceRNAs to regulate OSCC
growth

Chen et al. have expounded upon the role of cir-
cRNA_100290 as a ceRNA, opposing the suppression of
GLUT1 by miR-378a. This interplay ultimately fosters
glycolysis and contributes to increased cell proliferation
in OSCC [102]. Regarded as the initial phase of glucose
metabolism, the transport of glucose through the cell
membrane is identified as a pivotal stage in regulating
the rate of glycolysis, with GLUT1 playing a crucial role
[103]. Within oral tumor tissue samples and cells, there is
a notable increase in the expression of circRNA_100290
and GLUTT1. Silencing circRNA_100290 leads to a sig-
nificant reduction in cell proliferation and glycolysis,
a effect that can be restored by the overexpression of
GLUT1 [102]. Throughout this sequence, miR-378a
establishes direct binding with both circRNA_100290

CeRNA network type CeRNA member  Shared miRNA mRNA Biological functions Ref

LncRNA/mMIiRNA/mRNA MALAT1 miR-125 STAT3 Promote proliferation and metastasis [55]
MALAT1 miR-224-5p KDM2A Promote proliferation [56]
CYTOR miR-1252-5p/ miR-3148 LPP Promote chemoresistance and EMT [60]
JPX miR-94 CDH2 Promote proliferation and metastasis [66]
NORAD miR-577 TPM4 Promote metastasis [68]
AC007271.3 miR-125b-23p Slug Promote migration and invasion [75]
p23154 miR-378a-3p Glut1 Promote invasion and metastasis [80]
LTSCCAT miR-103a-25p SMYD3 Promote invasion and metastasis [85]
MPRL miR-483-5p FIST Inhibit chemoresistance [91]
HOTAIR miR-326 MTA2 Reduce migration, invasion, and EMT [93]
H19 miR-675-5p PFKFB3 Facilitate glycolysis, proliferation and migration [94]
MEG3 miR-421 GATA3 Inhibit self-renewal and invasion abilities [97]
UCA1 miR-184 and miR-124 LAMC2 promote tumorigenicity, migration and invasion [98-100]
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and the 3’-untranslated region of GLUT1, thereby serv-
ing as a connecting bridge in the crosstalk within the
ceRNA network [102]. Furthermore, existing data sug-
gest a positive correlation between the expression of
circRNA_100290 and advanced TNM staging, as well as
lymph node metastasis in patients with LSCC. Elevated
levels of circRNA_100290 have been shown to enhance
the proliferation, migration, and invasion of LSCC cells
while concurrently suppressing cell apoptosis [104].

CircZDBF2 accelerate OSCC progression by ceRNAs
network

Derived from the zinc finger DBF-type containing 2,
specifically circZDBF2, hsa_circ_0002141 is a circRNA
that exhibits elevated expression in OSCC tissues, as
indicated by the Gene Expression Omnibus database.
Subsequent experiments have validated the heightened
expression of circZDBF2 in OSCC cells, thereby fostering
accelerated proliferation, migration, invasion, and pro-
motion of the EMT process in OSCC cells [17]. In vivo
investigations have demonstrated that suppressing circ-
ZDBF2 hampers tumor growth. Mechanistically, circZ-
DBF?2 acts as a sponge for miR-362-5p and miR-500b-5p
in OSCC cells, liberating its target, ring finger protein
145 (RNF145). This liberation, in turn, activates OSCC
progression through the NFkB signaling pathway [17].
RNF145, functioning as an E3 ubiquitin ligase, shares
homology with the RNF183 family. RNF183 has the
capacity to induce NFkB signaling pathway activation,
thereby regulating the transcription of IL-8. This process
has been demonstrated to contribute to the tumorigen-
esis of OSCC [105].

CircDOCK1 suppresses OSCC apoptosis

The dedicator of cytokinesis (DOCK) family consists of
atypical guanine nucleotide exchange factors (GEFs) that
exhibit evolutionary conservation within the Rho fam-
ily. In a prior investigation, it was revealed that DOCK1
circRNA represents one of the most abundant circRNAs
in epithelial cells. However, its expression was signifi-
cantly downregulated by 30-fold in response to TGEF-
B, in contrast to a 2-fold increase observed in DOCK1
mRNA [106]. Given that TGF-p treatment is known to
induce EMT, it suggests that one of the potential roles
of circRNAs derived from DOCKI1 is to instigate the
downregulation of mRNAs in epithelial cells, thereby
contributing to cellular stability. Conversely, in a sepa-
rate investigation, Wang et al. established a cellular apop-
tosis model utilizing TNF-a and acquired differentially
expressed circRNA profiles from both the apoptotic cell
model and normal cells through high-throughput micro-
arrays. Notably, circDockl is significantly diminished in
the apoptotic cell model [107]. Moreover, the suppres-
sion of circDOCK]1 and elevation of miR-196a-5p levels
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through mimetics resulted in heightened apoptosis and
diminished formation of baculoviral IAP repeat-con-
taining 3 (BIRC3) in OSCC cells. These findings align
with previous data, suggesting that the augmentation of
BIRC3, both in vivo and in vitro, contributes to evading
apoptosis [108]. CircDOCK1 is significantly expressed in
OSCC cell lines and tissue, suggesting circDOCK1could
be a useful therapeutic target and diagnostic biomarker
for OSCC.

CircRNA_0000140 suppresses OSCC growth and metastasis
CircRNA_0000140, originating from exons 7-10 of the
KIAA0907 gene, exhibits a compelling link to advanced
TMN stage and lymph node metastasis in individuals
diagnosed with OSCC [109]. Moreover, survival analy-
sis revealed a notable reduction in the 5-year survival
rate among OSCC patients exhibiting low expression of
circ_0000140. Peng et al. discovered that circ_0000140
directly interacted with miR-31, suppressing the pro-
liferative, migratory, and invasive capabilities of OSCC
cells [109]. Crucially, miR-31 stands out as one of the fre-
quently dysregulated microRNAs across various cancer
types, exhibiting aberrant expression in multiple malig-
nancies [110]. LATS2, a pivotal element within the Hippo
pathway and a direct miR-31 target, plays a crucial role as
the mediator of circ_0000140 function, exerting its influ-
ence by repressing the epithelial-mesenchymal transition
(EMT) process in OSCC [111]. Additionally, a separate
investigation indicated that the upregulation of LATS2
inhibited in vitro cell proliferation, colony formation, and
invasion, while also preventing xenograft formation in
vivo [112]. Hence, targeting the circ_0000140-mediated
Hippo signaling pathway could be a potential candidate
for molecular intervention in therapeutic strategies.

CircATRNL1 sensitize OSCC to irradiation

Radiotherapy is a major modality for OSCC at advanced
stages, but radioresistance can still lead to recurrence
and treatment failure in OSCC patients [113]. Chen’s
study demonstrated that elevated levels of circATRNL1
effectively suppressed cellular proliferation, colony for-
mation, and prompted apoptosis and cell-cycle arrest in
OSCC cells subjected to irradiation [114]. Following this,
the research team constructed a putative circATRNL1
miRNA interaction network, utilizing complementary
matching sequences. Subsequent screening revealed
circATRNL1’s role as an endogenous sponge for miR-
23a-3p in the context of OSCC [114]. The reduction of
PTEN mediated by miRNAs may compromise the radio-
sensitivity of various human cancers [115]. A noteworthy
discovery is that circATRNL1 and PTEN share common
MREs for miR-23a-3p. Functionally, circATRNL1 can
interact directly with miR-23a-3p, alleviating its inhibi-
tory effect on the target gene PTEN, thereby contributing
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to the improved radiosensitivity of OSCC [114]. More-
over, investigations into OSCC have revealed diminished
levels of miR-23a-3p in OSCC tissues. Its role as a tumor
suppressor has been substantiated, restraining growth
and enhancing apoptosis in OSCC cells [116].

Pseudogene/miRNA/mRNA networks

Adam3A and adam5 pseudogenes increase the risk of OPSCC
Copy number variations (CNVs) encompass substan-
tial deletions and duplications of chromosomal frag-
ments. They are extensively observed in tumors, known
as somatic CNVs, as well as in germline cells, referred
to as inherited CNVs. These variations constitute a piv-
otal factor influencing the onset and progression of oro-
pharyngeal squamous cell carcinoma (OPSCC) [117]. A
family of transmembrane metalloproteinases, A Disin-
tegrin and Metalloproteinases (ADAMs) play a crucial
role in various cellular processes [118]. Recent investi-
gations have noted an association between an elevated
copy number of ADAM3A and ADAMS5 pseudogenes
exceeding three copies and an increased risk of OPSCC
[119]. The ADAMS5 pseudogene exhibits a remarkably
homologous sequence at the 3’-UTR of the ADAM9
gene. This sequence is anticipated to serve as the binding
site for miR-122b-5p [119]. Particularly, the amplification
of ADAM3A and ADAMS5 copies can result in elevated
transcripts derived from pseudogenes, creating compe-
tition for miR-122b-5p. This competition enhances the
expression of ADAMY, influencing the onset and progno-
sis of OPSCC. Additionally, the diminished expression of
miR-122b-5p and the heightened expression of ADAM9
serve as valuable biomarkers for the screening and diag-
nosis of oropharyngeal and oral SCC, respectively [120].

PTENp1 pseudogenes inhibit the proliferation of 0SCC

PTENPI, identified as a pseudogene derived from the
tumor-suppressor gene PTEN, stands out as one of the
initial examples of miRNA sponges that exert a tumor-
suppressor function [121]. Among OSCC patients, the
expression levels of PTENp1 and PTEN in tumor speci-
mens are notably diminished compared to those in nor-
mal tissues [122]. On the contrary, miR-21, a widely
recognized oncogenic miRNA, is frequently elevated in
diverse malignancies, encompassing OSCC [123, 124].

Table 2 The role of CircRNAs and Pseudogene as ceRNA in OC
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Gao et al. discovered that PTENp1 serves as a direct and
specific target for miR-21. Through its interaction with
miR-21, PTENp1 shields PTEN transcripts from the
inhibitory effects of miR-21, thereby suppressing prolifer-
ation and colony formation [122]. Therefore, the ceRNAs
activity of PTENP1 contributes to the posttranscrip-
tional regulation of PTEN, and alterations in PTENP1
expression levels or miRNAs decoy activity may lead to
moderate variation in PTEN levels to accelerate can-
cer development. Furthermore, PTENp1 plays a role in
inhibiting cell transformation and proliferation through
modulation of the PI3K/AKT pathway [122]. The ceRNA
crosstalk in OC progression involving circRNAs and
pseudogenes is comprehensively summarized in Table 2.

The emerging roles of piRNA in OC

The non-coding RNAs family includes P-Element
induced wimpy testis (PIWI)-interacting RNA (piRNA).
They lack appropriate secondary structural character-
istics, have a 5’-end uridine or 10th position adenosine
bias, and are 24-31 nucleotides long [125]. The sin-
gle-stranded ncRNAs known as piRNAs interact with
PIWTI proteins and are composed of a variety of distinct
nucleotide sequences [126]. It has been noted that the
suppression of OC progression is caused by genes such
as GALNT6, SPEDF, and MYBL2 that are coupled with
piRNAs [127]. It was identified that 22 differentially
expressed genes in human OSCC and mouse OSCC
induced by 4NQO. There are 11 genes and piRNAs in
the regulatory network. Among the 11 genes, Six31 was
downregulated, whereas Galnt6, Spedf, Mybl2, Muc5b,
and Tmc5 were elevated in OSCC [127]. Subsequent
investigation reveals that a down-regulated piRNA, piR-
33,422 is associated with the mevalonate/cholesterol-
pathway-related gene FDFT1 in tongue cancer. Further
studies are required to understand the regulation of their
expression and functional mechanism of piRNAs in OC.
piRNAs may serve as a therapeutic target or biomarker
for OC.

Differential expression of snoRNAs in OC

SnoRNAs are one of wide variety of non-coding RNA
molecules present in the body. The human genome has
about 300 different snoRNA sequences. The snoRNAs

CeRNA network type CeRNA member Shared miRNA mRNA Biological functions Ref

CircRNA/miRNA/mMmRNA 100,290 miR-378a GLUT1 Promote proliferation and invasion [102]
ZDBF2 miR-362-5p/miR-500b-5p  RNF145  Promote proliferation, migration and invasion ~ [17]
DOCK1 miR196a5p BIRC3 Inhibit apoptosis [107]
0000140 miR-31 LATS2 Inhibit proliferation, migration, and invasion [109]
ATRNL1 miR-23a-3p PTEN Cell-cycle arrest [114]

Pseudogene/miRNA/mRNA ADAM3A/ADAMS miR-122b-5p ADAMO9 Promote tumor growth [119]
PTENp1 miR-21 PTEN Inhibit proliferation [122]
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generate small nucleolar ribonucleoprotein complexes
(snoRNP complexes) by binding to protein molecules,
which then leads to the modification of rRNA bases
[128]. SnoRNAs are involved in the government of mes-
senger RNA posttranscriptional modifications and
alternative splicing. Different snoRNAs may manifest
themselves differently in OC due to changes in snoRNA
synthesis and post-transcriptional regulation. 8 OC
samples were subjected to a microarray study, which
revealed 16 significantly altered snoRNAs in comparison
to control samples. Of these, 15 were considerably down-
regulated and linked to patient survival [129]. Oral squa-
mous cell migration and proliferation are induced by the
SNHG3, a snoRNA that is up-regulated in OC patients. It
acts as a biomarker and targets the nuclear transcription
factor-Y subunit gamma (NFYC) through the SNHG3/
miR-2682-5p axis [130]. Additionally, snoRNA SNHG15
is overexpressed in OC cell lines, which acts as a target
for miR-188-5p/DAAMI1 to promote OC’s malignant
tendencies [131]. Therefore, snoRNAs contribute to the
formation of tumors in OC. Their importance in cancer
treatment may grow with more research.

Limitations and Application of ceRNAs

As high-throughput sequencing and bioinformatics tech-
nology advance, the identification of IncRNAs, circRNAs,
and pseudogenes acting as ceRNAs in gene expression
regulation has become apparent. Notably, certain regula-
tors, such as MALAT1 [132] and TUGI [133] exhibit a
pivotal role in the development of various tumor types.
Studies have shown that the expression of IncRNAs
exhibits spatiotemporal and tissue-specificity [134], and
the sequence conservation observed among IncRNA
genes is relatively poor [135, 136]. Therefore, determin-
ing the mechanism of IncRNA interactions between
different species for mutual reference is of little signifi-
cant. On the other hand, although circRNAs are insen-
sitive to exonucleases, and its duration in cells may be
much longer than their linear isomers, many circRNAs
are inconsequential by-products of pre-mRNA splic-
ing [137]. Consequently, realizing the expected miRNA
sponge properties remains challenging. Moreover, the
stable expression level of pseudogenes rarely reaches the
level of its parental gene [138], which limits its effective-
ness. It is important to investigate the expression levels
of ceRNA at specific developmental stages and different
subcellular locations, while also continuing to enrich our
understanding of its conservation, including sequences,
structures, processing, and spatial distribution. Addi-
tionally, it is necessary to establish a comprehensive and
accurate database to identify effective biomarkers that
can be used in the study and further application of ceR-
NAs regulatory mechanisms.
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The most common post-transcriptional modification
pathway is N6-Methyladenosine (m6A) RNA methyla-
tion, which is crucial to the pathophysiology of OC. A
ceRNA network based on the m6A-related IncRNA
growth arrest specific 5 (GAS5) specific transcript
(NR_152533) was established in a previous study. GAS5
may have regulated RALYL expression by binding to
miR-3912-5p, and RALYL may be a target gene for miR-
3912-5p [139]. MALAT1 was upregulated by METTL14-
induced m6A alteration of MALAT1. MALAT1 is
comparatively bound to miR-224-5p to promote KDM2A
transcription, thereby promoting OSCC cell proliferation
[56]. Regardless of m6A-mRNA, specific modification
styles were displayed by m6A-circRNAs in OSCC. Fur-
thermore, m6A modification on circRNAs usually hap-
pened on the lengthy exons in the front portion of the
coding sequence (CDS), which was distinct from m6A-
mRNA that in 3’-UTR or stop codon (Fig. 3A) [140].
circFOXK2 increased the mRNA stability of GLUT1
through cooperating with insulin-like growth factor 2
mRNA binding protein 3 (IGF2BP3) in a m6A-dependent
manner [141]. CircGDI2 functions as a tumour suppres-
sor by binding to the FTO protein to reduce RNA m6A
modification levels and ultimately inhibit proliferation
and migration in OSCC cells [142].

Existing studies indicate that the RNA-miRNA-mRNA
triple network is the main regulatory pathway of ceR-
NAs. Within this framework, the modulation of crucial
miRNAs and ceRNAs to mitigate the excessive repres-
sion of target mRNA and reinstate a normal cellular
phenotype is anticipated to emerge as a novel strategy
for treating OSCC. This can be accomplished by intro-
ducing antisense oligonucleotides (ASOs) into host cells
through either transfection or viral transduction. These
ASOs bind to and redirect natural miRNAs away from
their conventional mRNA targets, thereby bolstering
mRNA stability and facilitating enhanced translation
[143]. At present, ASO is widely used in miRNA loss-
of-function study [144], gene therapy and prevention of
breast cancer [145], Alport nephropathy [146] and other
diseases. Moreover, several clinical trials have verified
the efficacy of OGX-011, Tofersen and other ASOs at dif-
ferent stages [147, 148]. However, ASO is easily broken
down by enzymes in the body, resulting in low cell uptake
efficiency and poor stability [149], which limits its thera-
peutic potential. In this regard, chemical modification
and carrier delivery seem to be potential strategies for
improving ASO performance and inhibiting cancer pro-
gression. For instance, the stability of ASO to nuclease-
induced degradation can be improved by thiophosphoric
acid modification and peptide nucleic acid modification
[150, 151]. Also, various delivery methods including cell-
penetrating peptides [152], exosomes [153] and lipid
nanoparticles [154] have been reported as promising
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Fig. 3 Schematic representations of chemical modifications, delivery methods, and targeting approaches of ceRNA.(A) Schematic diagram illustrated
the biogenesis of mM6A-circRNAs and m6A-mRNA in OSCC cells. The m6A modification was installed by identical m6A methyltransferase complex (M6A
writers). Red A indicated the m6A modification site. (B) ASOs, Exosome, PP@miR NPs, GO-PEI complex, T-miR-149, miR-181a-5p/AgNPs, mr-ber-PC, y§TDEs
were applied for drug delivery system formation in OC therapy. (C) Targeting approaches of ceRNA. (a) A CRISPR-based transcription activation system
to verify the formation and functionality of the artificial INcRNA. (b) In the presence of low sponge expression, target mRNAs are post transcriptionally

repressed by the miRNA. (C) During infection, viral RNA specifically sequesters miR-122 to de-repress its normal host targets

tools for delivering ASOs to target cells. However,
ASOs also directly employed to inhibit IncRNAs and
circRNAs, potentially offering a more direct inhibitory
effect. LncARSR increases sunitinib resistance by com-
petitively binding miR-34/miR-449 to boost AXL and
¢-MET expression in RCC cells. Furthermore, sunitinib
resistance may spread through the incorporation of bio-
active IncARSR into exosomes and transmission to sus-
ceptible cells [155]. The role of naturally occurring EGFR
isoforms has been poorly studied, with a few studies sug-
gesting that alternate isoforms are secreted in plasma (as
secreted EGFR, or sSEGFR) and may be prognostic in can-
cers. Reduced EGFR-ASI levels shifted splicing toward
EGER isoform D, leading to ligand-mediated pathway
activation [156].

Exosome-transmitted IncRNAs and circRNAs have
been shown in recent years to facilitate tumor growth
and metastasis. Therefore, using liquid biopsy detection
technologies, exosomal IncRNAs could be used as pre-
dictive biomarkers for cancer diagnosis. Lnc-MLETAL1 is
important exosomal IncRNA that facilitates interaction
in lung cancer cells to encourage cancer spread [157].

Exosomes are essential mediators that facilitate commu-
nication between cancer cells and the tumor microen-
vironment. exosome-derived circATP8A1 from gastric
cancer cells causes tumor growth and macrophage M2
polarization via the circATP8A1/miR-1-3p/STAT6
axis [158]. Exosome-mediated IncRNA PART1 overex-
pression promoted OSCC cell death while suppressing
migration, invasiveness, and viability. PART1 upregu-
lated SOCS6 through sponging miR-17-5p. Furthermore,
IncRNA PART1 mediated by exosomes inhibited STAT3
phosphorylation. Exosome-derived IncRNA PART1 ham-
pers OSCC progression via miR-17-5p/SOCS6/STAT3
signaling, suggesting that IncRNA PART1 may be poten-
tial therapeutic target for OSCC [159].

PP@miR nanoparticles (NPs) were designed using
cationic  polylysine-cisplatin prodrugs to transport
antagomiR-330-3p, a miRNA inhibitory analog, through
electrostatic interactions. The crucial involvement of
miR-330-3p in OSCC development was validated by
the efficient inhibition of subcutaneous tumor progres-
sion and partial tumor eradication (2/5) accomplished
by PP@miR NPs [160]. A GO-PEI complex regulates the
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intracellular release of a miR-214 inhibitor and effec-
tively transports miR-214 inhibitor into OSCC cells.
GO-PEI-miR-214 inhibitor complex effectively reduced
miR-214 by specifically targeting PTEN and p53, result-
ing in a decrease in OSCC cell invasion and migration
and an increase in cell death [161].

A new nanocomplex (T-miR-149) is successfully con-
structed and introduced tFNAs as a favorable nucleic
acid carrier of miR-149 to delay the progression of OSCC.
T-miR-149 markedly increased the capacity of free miR-
149 to promote apoptosis in OSCC cells [162]. The bio-
compatible AgNPs successfully protected miRNA from
degradation by serum and RNase. The miR-181a-5p/
AgNPs combination dramatically inhibits the growth
and progression of OC [163]. For the co-delivery of ber
and miR-122, berberine-polyethyleneimine-cholesterol
(ber-PC) and miR-122 electrostatically complex to form
mr-ber-PC. mr-ber-PC significantly reduced the invasion
and migration of OSCC cells [164].

Cas9 mRNA and sgRNAs are encapsulated in lipid
nanoparticles as a delivery system. By employing CRISPR
systems to identify important factors that contribute to
OSCC resistance and then integrating them with other
technologies (such as nanotechnology) to create tailored
drug delivery platforms, these approaches offered a hint
at how to treat OSCC resistance (Fig. 3B). The inhibitory
effects of the miR-144/451a cluster on OSCC were effec-
tively improved by biomimetic nanoparticles coloaded
with the miR-144/451a cluster, which drastically reduced
CAB39 and MIF expression [165]. Since both y8TDEs
and miR-138 have direct anti-tumoral effects on OSCC
and immunostimulatory effects on T cells, y§TDEs deliv-
ering miR-138 may have synergistic therapeutic effects
on OSCC. Moreover, y§TDEs may be an effective drug
delivery system for miRNAs in cancer treatment [166].

Although targeted protein degradation has emerged
as a prominent drug research approach, its use has been
constrained by its reliance on protein-based chime-
ras with limited genetic modification potential. Since
IncRNAs can interact with cellular proteins to modify
pathways and improve degrading capacities, they have
become a promising substitute. Artificial IncRNAs are
employed as part of a technique to precisely target pro-
tein degradation (Fig. 3C). Artificial IncRNAs pref-
erentially target and facilitate the ubiquitination and
degradation of oncogenic transcription factors and
tumor-related proteins, such as ¢-MYC, NF-«B, ETS-1,
KRAS and EGFR [167].

A novel miRNA inhibitor based on the ceRNA theory
is an artificial miRNA sponge [168], constructed as a vec-
tor for expressing 3’ UTRs with multiple miRNA bind-
ing sites. Compared to traditional miRNA inhibitors and
gene knockout techniques, it is likely to achieve regula-
tion and stable expression through the most powerful
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mammalian promoter systems such as U6 or cytomega-
lovirus (Fig. 3C) [169]. Besides, other genomic RNAs of
retroviruses such as hepatitis C virus can serve as miRNA
sponges, binding to miRNAs in the body during host
infection, and regulating the expression of target genes
(Fig. 3C) [170]. It is essential to highlight that synthetic
circular miRNA sponges exhibit promising potential for
the prolonged suppression of miRNAs. There have been
reports on the utilization of artificial circular miRNA
sponges designed to target miR-21, showcasing their
application in this context [171, 172].

Conclusions and perspectives

For OC, early malignant lesions are not easy to make
non-invasive and accurate diagnosis, while radical sur-
gery for advanced OC usually causes severe oral dys-
function, including speech and dysphagia [173]. Despite
significant progress in understanding the carcinogenic
process over the past few decades, OSCC treatment
strategies have developed slowly. It is necessary to iden-
tify novel characteristic diagnostic biomarkers of OC.
Recent investigations have indicated that diverse RNA
categories, including long non-coding RNA (IncRNA),
circular RNA (circRNA), and pseudogenes, can modulate
the expression of genes associated with tumors by func-
tioning as competitive endogenous RNAs. The devel-
opment of targeted miRNA inhibitors based on these
mechanisms represents a significant field and hope for
the future treatment of OSCC. Moreover, ceRNAs not
only pose as a prospective therapeutic target for OSCC
but also for other prevalent cancers, including breast can-
cer [174], thyroid cancer [175] and ovarian cancer [176].
Despite substantial advancements in identifying ceRNAs,
numerous phenotypic effects observed in existing stud-
ies result from overexpression or gene knockout experi-
ments. Such approaches may not authentically reflect
the role of ceRNAs in tumor progression. In the future,
it is necesssary to construct endogenous ceRNAs net-
work models and explore their regulatory mechanism. In
addition, ceRNAs networks are interconnected and influ-
ence each other. The non-specific operation of ceRNAs
networks may alter the original normal gene expression,
which requires cautious experimental verification before
clinical application.
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