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Introduction
Oral squamous cell carcinoma (OSCC) is the most preva-

lent malignancy of the oral cavity, accounting for over 90% 
of oral cancers worldwide and contributing significantly to 
morbidity and mortality despite advances in surgical and ad-
juvant therapies (Bray et al., 2024). Its aggressive behaviour, 
characterised by early invasion, high metastatic potential, 
and resistance to treatment, underscores the need to better 
understand the molecular drivers of disease progression.

Epithelial–mesenchymal transition (EMT) is a reversible 
cellular programme in which epithelial cells lose polarity 
and adhesion, acquiring mesenchymal traits that enhance 
motility, invasion, and metastatic potential. In OSCC, EMT is 
strongly associated with aggressive clinical behaviour, poor 
prognosis, and reduced treatment responsiveness, making 
the regulation of EMT a critical area of investigation.

Circular RNAs (circRNAs) are covalently closed, single-
stranded RNA molecules generated through back-splicing. 
Once considered non-functional splicing by-products, they 
are now recognised as stable and conserved regulators capa-
ble of influencing gene expression through mechanisms such 
as miRNA sponging, protein interaction, and transcriptional 
modulation. Emerging evidence suggests that circRNAs con-
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Abstract
Background: CircRNAs are non-coding RNAs found to contribute various functions in cellular processes and have been 
associated with EMT regulation in OSCC. 
Objective: To review the latest findings of circRNAs in relation to EMT in OSCC.
Methodology: A systematic search with the following MeSH terms was conducted: “circular RNA” AND “epithelial mesenchymal 
transition” OR “epithelial-mesenchymal transition” AND “oral squamous cell carcinoma” in Pubmed/MEDLINE, SCOPUS, and 
EMBASE.
Results: Nineteen articles were included in this review for analysis, comprising of in-vivo and in-vitro studies. 19 circRNAs 
were identified to be involved in EMT of OSCC, of which 16 were identified as EMT-promoting circRNA while 3 were identified 
as EMT-suppressing circRNAs.
Conclusion: Based on the current review, Circ_0058063, circEPSTI1, and Circ_0001971 seem to be the most potential EMT-
promoting circRNAs while circRNA_0000140 seems to be the most potential EMT-suppressing circRNA. However, further 
in-depth studies are needed to elucidate their accurate roles in EMT and as possible use in therapeutic interventions.
Keywords: Circular RNAs, epithelial-mesenchymal transition, malignant transformation, oral squamous cell carcinoma

tribute to cancer progression and may play important roles in 
EMT-related processes in OSCC.

Although individual studies have reported links be-
tween circRNA dysregulation and EMT-related phenotypes 
in OSCC, existing evidence is fragmented, with studies dif-
fering widely in methodology, mechanistic scope, and EMT 
endpoints. To date, no scoping review has synthesized cir-
cRNAs specifically associated with EMT regulation in OSCC. 
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A consolidated overview is therefore required.
This scoping review aims to summarize current evidence 

on circRNAs implicated in EMT regulation in OSCC, describe 
their proposed mechanisms of action, and identify knowledge 
gaps to guide future research. 

Methodology
PRISMA-ScR guidelines and the methodological frame-

work by Peters et al. (2015). A systematic search of PubMed/
MEDLINE, SCOPUS, and EMBASE was performed to iden-
tify studies published between January 2010 and December 
2024 using the following MeSH terms and keywords: “circu-
lar RNA” AND “epithelial mesenchymal transition” OR “ep-
ithelial-mesenchymal transition” AND “oral squamous cell 

carcinoma,” with additional searches using “circular RNA” 
AND “epithelial mesenchymal transition” AND “oral.” Only 
peer-reviewed, English-language studies were included, while 
grey literature such as theses, conference abstracts, and non–
peer-reviewed sources were excluded. Titles and abstracts 
were screened based on relevance to circRNAs, OSCC, and 
EMT-related outcomes, followed by full-text assessment using 
predefined inclusion and exclusion criteria. The search initially 
identified 52 records, of which 22 duplicates were removed. 
The remaining 30 articles underwent title and abstract screen-
ing, leading to the exclusion of 11 records that did not meet the 
criteria. A total of 19 full-text articles were assessed for eligibil-
ity, all of which were included in the final qualitative synthe-
sis. The study selection process is summarised in the updated 
PRISMA flow diagram (Figure 1).

Fig. 1- PRISMA



Role of Circular RNAs in Epithelial-Mesenchymal Transition of Oral Squamous Cell Carcinoma; A Scoping Review

KDJ – Vol. 42 • No. 4 • October 2019 127
TSR/TC/274/2016

Oral and Maxillofacial Pathology Journal, Volume 17 Issue 1 January–June 2026

Results
The initial search query yielded 52 articles based on the 

specified key terms. After removing 22 duplicate articles, a total 
of 30 articles were assessed for relevance to the study objectives 
and screened based on their title and abstract. Following this 
process, 11 articles were excluded for the following reasons: as 
they are not relevant to circular RNA and/or OSCC (n=10) an-
done article retracted (n=1). 19 articles were deemed suitable 
for inclusion in the study (Figure 1). 

A total of 19 circRNAs were examined across these studies, 
with 16 identified as EMT-promoting circRNAs and 3 acting 
as EMT-suppressing circRNAs in OSCC. Promoter circRNAs 

exhibited increased expression, while suppressors showed re-
duced expression in OSCC cell lines compared to normal oral 
tissue (Table 1). Fourteen studies investigated circRNA func-
tion as miRNA sponges through bioinformatics and in-vitro 
analyses, while the remaining studies assessed EMT marker 
expression in relation to circRNA levels in OSCC versus normal 
oral tissue in vivo.

One of the identified functions of CircRNAs is miRNA 
sponges which bind specific miRNAs and reduce their avail-
ability, thereby altering key regulatory pathways in OSCC. 
Many of these miRNAs serve as tumor suppressors by target-
ing mRNAs that promote EMT. When circRNAs sequester these 

Table 1: Summary of circRNAs found to be involved in EMT of OSCC.

CircRNA EMT 
Role

Mechanistic Target Observed Response OSCC 
Regulation vs 
Normal Oral 
Mucosa

Reference

Circ_0004771 Promoter Not explored N-Cadherin, Vimentin upregula-
tion, E-cadherin downregulation

Upregulation (Shi & Zhang, 
2024)

Circ-OMAC Promoter Not explored Vimentin, N-cadherin upregulation, 
E-cadherin downregulation

Upregulation (B. Li et al., 2024)

Circ_0058063 Promoter miR-145 sponge PI3K/Akt/mTOR signalling pathway 
activation

Upregulation (J. Zhou & Jin, 
2023)

 aCircFNDC3B Promoter miR-181c-5p 
Sponge

SERPINE1 & PROX 1 upregulation Upregulation (X. Li et al., 2023)

Hsa_
Circ_0009128

Promoter Upregulates MMP9 E-cadherin downregulation, N-
cadherin upregulation

Upregulation (Hong Zhang et 
al., 2023)

Circ_0000311 Promoter miR-876-5p sponge EZH2 upregulation Upregulation (Xu et al., 2023)
Circ_0014359 Promoter miR-149 Sponge MAPK pathway upregulation Upregulation (X. Chen et al., 

2022)
CircZDBF2 Promoter miR-362-5p, miR- 

500b-5p sponge
RNF145 upregulation Upregulation (Rong et al., 2022)

circFAM126A Promoter miR-186 Sponge miR-186/FUS/RAB41 stabilization Upregulation (Jun Wang et al., 
2022)

circANKS1B Promoter miR-515-5p Sponge TGF-β upregulation Upregulation (Yan & Xu, 2021)
Circ-LRP6 Promoter Not explored E-cadherin downregulation, N-

cadherin upregulation
Upregulation (Q. Zhang et al., 

2021)
CircKRT1 Promoter miR-495-3p sponge PD-L1 upregulation Upregulation (Yang et al., 2021)
CircIGHG Promoter miR-142-5p sponge IGF2BP3 upregulation Upregulation (J. Liu et al., 2021)
circEPSTI1 Promoter mir-942-5p sponge PI3K/Akt/mTOR signaling pathway 

activation, LTBP2 upregulation
Upregulation (Jie Wang et al., 

2020)
Circ_0001971 Promoter miR-194/miR-204 

sponge
PI3K-AKT-Fox3a pathway activa-
tion

Upregulation (Tan et al., 2020)

circUHRF1 Promoter miR-526b-5p 
sponge

c-Myc upregulation/ TGF- β & 
ESRP1 upregulation

Upregulation (Zhao et al., 2020)

Hsa_
circ_0072387

Suppres-
sor

miR-503-5p sponge Reduced proliferation, migration, 
and glycolysis

Downregula-
tion

(Han et al., 2021)

cir-
cRNA_0000140

Suppres-
sor

miR-31 Upregulate LATS2, Hippo pathway 
suppression

Downregula-
tion

(Peng et al., 2020)

hsa_
circ_0036988

Suppres-
sor

Not explored Vimentin downregulation, E-cad-
herin upregulation

Downregula-
tion

(Hanyu Zhang et 
al., 2021)
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miRNAs, tumor-suppressive effects are diminished, leading 
to the activation of EMT-related pathways such as PI3K/Akt/
mTOR and MAPK. Circ-OMAC, circ_0058063, circEPSTI1, and 
Circ_0001971 were found to upregulate EMT via activation of 
PI3K/Akt/mTOR pathway by regulating PI3K, AKT and mTOR 
phosphorylation while Circ_0014359 was theorized by the 
authors to upregulate EMT via activation of MAPK signaling 
pathway (B. Li et al., 2024; Tan et al., 2020; Jie Wang et al., 2020; 
J. Zhou & Jin, 2023). CircANKS1B and circUHRF1 were found 
to increase TGF-β activity by sequestering miRNAs miR-515-
5p and miR-526b-5p which typically binds to and suppresses 
TGF-β and prevents EMT (Yan & Xu, 2021; Zhao et al., 2020).

Other than pathway activation, known EMT regulators 
were also found to be regulated by circRNAs. CircFNDC3B was 
found to increase the activity of SERPINE1 and PROX1 which 
facilitates EMT of OSCC cells(X. Li et al., 2023). CircIGHG was 
found to increase activity of IGF2BP3 by sequestering miR-142-
5p, which facilitates EMT progression (J. Liu et al., 2021).

Correlation studies indicated that elevated circRNAs 

Circ_0004771, Circ-OMAC, Hsa_Circ_0009128 and Circ-LRP6 
expression were associated with increased levels of mesen-
chymal markers and EMT-associated components, including 
N-cadherin, vimentin MMP9, EZH2, RNF145, and TGF-β. 
Meanwhile, epithelial marker E-cadherin expression was 
downregulated (B. Li et al., 2024; Shi & Zhang, 2024; Hong 
Zhang et al., 2023; Q. Zhang et al., 2021). CircKRT1 was found 
to upregulate PD-L1 expression by sequestering miR-495-3p, 
which indirectly promotes EMT via facilitating immune eva-
sion and increasing cell survivalduring transformation (Yang 
et al., 2021).

Conversely, hsa_circ_0072387and circRNA_0000140 were 
found to suppress OSCC by binding to EMT-promoting miR-
NAs miR-503-5p and miR-31 (Han et al., 2021; Peng et al., 2020). 
hsa_circ_0036988 expression was correlated with the reduced 
expression of mesenchymal markers Vimentin, Bcl-2, Cyclin 
D1 followed by increased expression of epithelial marker E-
cadherin (Hanyu Zhang et al., 2021).

Fig. 2- CircRNAs in OSCC Regulators of EMT Pathways
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Discussion
Epithelial-mesenchymal transition (EMT) is a fundamen-

tal process in the progression of oral squamous cell carci-
noma (OSCC), enabling tumor cells to acquire invasive and 
metastatic properties. By transitioning from an epithelial to a 
mesenchymal phenotype, OSCC cells lose cell-cell adhesion, 
gain motility, and enhance their ability to invade surround-
ing tissues and establish distant metastases. EMT is closely 
associated with poor prognosis, therapeutic resistance, and 
increased aggressiveness in OSCC, making it a critical area of 
study for understanding disease progression and identifying 
potential therapeutic targets. The EMT process is highly intri-
cate, involving a coordinated interplay of transcription factors, 
signaling pathways, and molecular markers. Key transcription 
factors such as Snail, Slug, Twist, and ZEB1/2 drive EMT by re-
pressing epithelial markers like E-cadherin while upregulating 
mesenchymal markers such as N-cadherin and vimentin. This 
transition is further modulated by signaling pathways, includ-
ing TGF-β, Wnt/β-catenin, PI3K/Akt, and NF-κB, which collec-
tively regulate the EMT process at multiple levels (Bai et al., 
2020; Chaudhury et al., 2010). Additionally, non-coding RNAs, 
including microRNAs (miRNAs) and long non-coding RNAs 
(lncRNAs), have been shown to fine-tune EMT by targeting key 
regulators and modifying gene expression dynamics (D. Li et 
al., 2018; Lin et al., 2014; Xie et al., 2018; Zeng et al., 2016).

Emerging evidence suggests that circular RNAs (circRNAs) 
play a crucial role in cancer progression, including EMT regu-
lation in OSCC. CircRNAs have been identified as important 
modulators of gene expression, primarily through their func-
tion as competing endogenous RNAs (ceRNAs) that sponge 
miRNAs, thereby preventing miRNA-mediated repression of 
EMT-associated genes(Conn et al., 2024). Despite their grow-
ing recognition, circRNAs represent a relatively new area of 
study in cancer research, as they were previously thought to be 
non-functional by-products of splicing. However, recent stud-
ies have demonstrated their diverse regulatory roles in various 
malignancies, including lung, breast, colorectal, and hepato-
cellular carcinoma, where they influence tumor proliferation, 
invasion, metastasis, and drug resistance(Z. Chen et al., 2019; 
Hang et al., 2018; Nanishi et al., 2020). The increasing recog-
nition of circRNAs as key players in cancer progression high-
lights their potential as biomarkers and therapeutic targets, 
particularly in EMT-driven malignancies like OSCC.

A key pattern emerging across studies is the dominance of 
the PI3K/Akt/mTOR pathway, which was activated by several 
circRNAs including circ_0058063, circEPSTI1, and circ_0001971. 
This pathway is known to enhance cell survival, proliferation, 
metabolic adaptation, and pro-EMT transcriptional activity. 
The consistency with which PI3K/Akt/mTOR appears suggests 
that circRNAs may preferentially exploit this signalling cascade 
to drive EMT in OSCC. Another notable group involves cir-
cRNAs that regulate TGF-β signalling, including circANKS1B 
and circUHRF1. TGF-β is a central inducer of EMT and me-
tastasis, and its activation through circRNA-mediated miRNA 
suppression highlights a potential mechanism contributing to 
both EMT progression and chemoresistance.

A smaller but important subset of circRNAs influences 

EMT through MAPK activation (e.g., circ_0014359) or Hippo 
pathway inhibition (e.g., circRNA_0000140), the latter of which 
leads to increased LATS2 expression and suppression of mes-
enchymal transition. Additionally, emerging evidence sup-
ports a link between circRNAs and immune-evasion–associat-
ed EMT, particularly through the circKRT1–miR-495-3p–PD-L1 
axis. This finding extends the role of EMT beyond invasion and 
metastasis by connecting it with immune checkpoint regula-
tion, an area with significant therapeutic implications.

Although most circRNAs exert their effects through miRNA 
sponging, this review identified mechanistic diversity such as 
protein scaffolding, as demonstrated by circFAM126A, which 
stabilizes FUS and enhances RAB41 expression. This highlights 
the need to explore circRNA functions beyond ceRNA activity 
and to consider broader multi-layered regulatory interactions.

Despite the insights provided, the current body of evidence 
has several limitations. Many studies employ in-vitro models 
without in-vivo or patient-derived validation, restricting clini-
cal generalisability. Sample sizes are often small, and OSCC 
stage or grade is rarely considered, despite known associations 
between EMT activation and tumour differentiation. Most 
studies investigate only a single circRNA–miRNA–mRNA axis 
at a time, without examining potential synergistic or antagonis-
tic relationships between circRNAs. Furthermore, EMT char-
acterisation commonly relies on a limited set of markers, with 
inconsistent inclusion of functional assays such as migration, 
invasion, or 3D culture systems. Multi-omics approaches inte-
grating circRNA expression with proteomic or transcriptomic 
EMT signatures are also lacking.

Overall, the current evidence suggests that circRNAs play 
substantial and diverse roles in regulating EMT in OSCC, act-
ing through several converging pathways summarised in the 
accompanying signalling flow diagram (Figure 2). However, 
more rigorous and comprehensive studies are needed to clarify 
the biological significance and translational relevance of these 
findings. Future research should incorporate larger clinical co-
horts, multi-omic profiling, patient-derived models, and longi-
tudinal EMT tracking to better define the potential of circRNAs 
as biomarkers or therapeutic targets in OSCC.

Conclusion
The discovery of circRNAs, particularly their roles in vari-

ous cellular processes, remains in its early stages. As a result, 
their interactions, especially in EMT, have not been fully ex-
plored. Current studies reviewed here are largely exploratory, 
focusing on potential interactions between specific circRNAs 
and EMT components, particularly miRNAs and signaling 
pathway proteins. However, there is a lack of comprehensive 
research examining circRNAs alongside multiple EMT compo-
nents, including transcription factors, signaling pathways, and 
proteomic expression, within a single study. Each study pri-
marily aimed to identify circRNAs that may influence EMT in 
OSCC and assessed their impact through gain or loss of func-
tion, correlating these changes with alterations in EMT markers 
such as N-cadherin, E-cadherin, and vimentin, relative to adja-
cent normal oral mucosa. While these studies provide valuable 
insights into circRNA involvement in EMT, several limitations 
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must be addressed in future research to enhance accuracy and 
clinical relevance. These include small sample sizes and the ab-
sence of OSCC grading, which could impact EMT marker ex-
pression (Rai K & Ahmed, 2019).
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