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Circular RNA (circRNA) is a highly conserved, stable and abundant non-coding RNA
(ncRNA). Also, some circRNAs play an essential part in the progression of human
cancers. CircRNA is different from traditional linear RNA. CircRNA has a closed circular
structure, so it is resistant to exonuclease-mediated degradation and is more stable than
linear RNA. Numerous studies have found that many circRNAs can act as a microRNA
(miRNA) sponge, interact with RNA-binding proteins, regulate gene transcription, affect
alternative splicing and be translated into proteins. Recently, some studies have also
indicated that circRNA participates in the progression of gynecological cancers. In
addition, circRNA can act as a promising biomarker for the diagnosis of gynecological
tumors. Additionally, they can also play a key role in the prognosis of gynecological
tumors. Furthermore, to our delight, circBRNA may be a potential therapeutic target
in gynecological cancers and widely used in clinical practice. This article reviews the
functions and related molecular mechanisms of circRNAs in gynecological tumors, and
discusses their potential as biomarkers for diagnostic and prognostic and therapeutic
targets for gynecological cancers.
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INTRODUCTION

Circular RNA (circRNA) is a unique class of RNA that unlike other RNAs forms a covalently closed
loop, generally thought to be non-coding, which as a result of improved sequencing strategies has
recently gained renew interest among scientists (Hsu and Coca-Prados, 1979; Ashwal-Fluss et al.,
2014). Many scientists believe that circRNA is a widely distributed and diverse small endogenous
RNA with multiple regulatory functions. According to the synthesis mechanism based on the
location of the genome splice junction from which circRNAs originate, circRNAs are classified
into four major types: exonic circRNAs (ecircRNAs), intronic circRNAs, exon-intron circRNAs
(EIciRNAs), and intergenic circRNAs (Dong Y. et al., 2017). Unlike linear RNA, circRNA is a
covalently closed single-stranded circular transcript without 5'cap or 3’poly(A) tail. This special
structure makes the circRNA a stable, conserved, highly abundant RNA that is dynamically
expressed in specific tissues through a unique process (Nicolet et al., 2018). Since circRNA has
the advantages of cell- type-, tissue- and developmental stage-specific expression, and cancer cells
have diverse expression profiles of the different types of circRNA, circRNA can also be used to
classify and identify different tumor types (Athanasiadis et al., 2004; Salzman et al., 2013; Zhang
et al., 2017; Nicolet et al., 2018; Smid et al., 2019). In recent years, many studies have indicated
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that circRNA is related to a variety of human diseases, including
cardiovascular diseases (Hansen et al., 2013; Dong et al., 2017;
Zhang et al, 2017; Smid et al, 2019), neurological diseases
(Liu et al., 2017; Kristensen et al., 2019), and other diseases
(Li P. et al, 2015; Wang et al,, 2015). In addition, recently,
it has been found that the development of certain tumors is
affected by functional circRNA-mediated regulatory networks in
various ways, such as acting as a microRNA (miRNA) “sponge”
and regulating the function of miRNA target genes (Hansen
et al., 2013). Besides, it has been reported that certain circRNAs
can bind with specific RNA binding proteins (RBPs), thereby
affecting the function of the parental genes and alternative
splicing (Liu et al., 2017; Zeng et al., 2017; Kristensen et al,,
2019). Interestingly, increasing evidence shows that circRNA
can encode proteins/peptides involved in cancer pathogenesis
and progression (Legnini et al., 2017; Ye et al., 2018; Zheng
et al,, 2019). The unique characteristics and biological functions
of circRNAs indicate that circRNA has the potential to be a
promising biomarker for the diagnosis and prognosis of various
diseases, as well as a therapeutic target (Kun-Peng et al., 2018;
Zhou et al., 2019).

THE CHARACTERISTICS OF CircRNA

Accumulating evidence shows that circRNAs are ubiquitously
distributed in eukaryotic cells, and have important characteristics
and multiple biological functions, which make circRNAs the
focus of interest in many scientific research fields, including
ncRNA (Dong R. et al., 2017). (1) Since, unlike linear RNA,
circRNA is a covalently closed loop with no 5'end cap or
3’poly (A) tail structure, it is not easily degraded by exonuclease
and is more stable than linear RNA (Suzuki and Tsukahara,
2014). (2) CircRNAs are more diverse and abundant than their
linear mRNA analogs. The expression of circRNA is often cell-
type-, tissue- and developmental stage- specific (Patop et al.,
2019; Huang et al., 2020). (3) Most circRNAs are evolutionarily
conserved among different species, at both their sequence level
and their pattern of expression (Jeck et al., 2012; Memczak
et al., 2013; Salzman et al., 2013; Haddad and Lorenzen, 2019).
(4) Except for intronic circRNAs that are sequestered in the
nucleus, most ecircRNAs are exported to the cytoplasm in a size-
dependent manner during their biogenesis (Huang et al., 2018).
These characteristics of circRNAs indicate that they may play vital
roles at both the transcriptional level and the post-transcriptional
level, and may be useful in disease diagnosis.

BIOGENESIS OF CircRNAs

CircRNA is produced through a circularization process involving
a canonical spliceosome-mediated precursor mRNA (pre-
mRNA) back-splicing mechanism (Meng et al., 2017), which
connects a downstream splice donor site (3" splice site) to an
upstream acceptor splice site (5’ splice site), and is modulated by
RBPs and intronic complementary sequences. However, unlike
in canonical (linear) splicing, in back-splicing the canonical

cis-acting splicing regulatory elements and trans-acting splicing
factors have different or even opposite activity. As briefly
mentioned above, based on the synthesis of circRNAs from
different locations of the genome splice junction from which
circRNAs originate, circRNAs can be categorized into four
types: ecircRNAs, intronic circRNAs, EIciRNAs, and intergenic
circRNAs (Chen, 2016). Although, at present, the precise
mechanism of circRNA biogenesis remains unclear, advances
in sequencing technology, especially RNA-seq, have led the
identification and characterization of numerous circRNAs, that
resulted in significant progress regarding their biogenesis (Meng
et al., 2017). It is known that ecircRNAs lack intronic sequences,
are the most abundant type of circRNAs, predominantly localize
to the cytoplasm and are formed by the reverse covalent binding
of the splice donor site and the splice acceptor site of the pre-
mRNA. Intronic circRNAs contain only intron sequences and
include five subtypes, namely circular intronic RNAs (ciRNAs),
excised group I introns, excised group II introns, excised tRNA
introns, and intron lariats. EIciRNAs contain both intronic and
exonic sequences as they are concurrently circularized by exons
and introns, likely in similar manner to ecircRNAs. Intergenic
circRNAs are another non-exonic circRNA type derived from the
genomic interval between two genes and formed by two intronic
circRNA fragments (ICFs) flanked by GT-AG splicing signals.
As a result, three major models of the formation of ecircRNA
or EIciRNA through a back-splicing mechanism have been
proposed, namely lariat-driven circularization (exon skipping),
intron pairing-driven circularization, and resplicing- or RBP-
driven circularization (Ebbesen et al., 2016).

The lariat-driven circularization model is associated with exon
skipping, in which one or more exons of the transcript are
skipped, generating a lariat consisting of both exons and introns.
Then, the introns are removed to produce an ecircRNA. However,
in some cases the introns are retained between the encircled
and results in the formation of EIciRNA (Kristensen et al.,
2019). In addition, if the activity of the debranching enzymes
that control these lariat introns is reduced, these lariat introns
escape subsequent degradation to form ciRNA through intron
cyclization. The intron pairing-driven circularization (direct
back-splicing) model (Zhang et al., 2014), the major pathway of
ecircRNA production, is mostly associated with the pairing of
flanking intronic complementary motifs (Alu elements) of the
pre-mRNA, which induces circularization to form ecircRNA after
the removal of introns. If there are inverted repeats, other than
Alu elements, circRNA can also be generated via direct base-
pairing of these inverted repeats. However, unlike ecircRNA,
ciRNA formation is dependent on a conserved sequence near
both sides of the spliceosome. CiRNA biogenesis relies on
a 7-nt GU-rich element near the 5 splice site and an 11-
nt C-rich element near the branch point site (Petkovic and
Miiller, 2015). During direct back-splicing, the two elements
bind into a lariat-like intermediate, containing the excised exons
and introns, and are spliced by the spliceosome, generating
lariats that undergo 3’ tail degradation, ultimately resulting in
the production of ciRNAs (Petkovic and Miller, 2015). The
RBP-driven circularization model is another biogenesis pathway
to generate circRNAs by direct back-splicing driven by RBPs.
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Certain proteins, including quaking (QKI) and muscleblind like
splicing regulator 1 (MBNLI, also termed MBL) proteins can
bind to specific flanking intronic sequence motifs on linear pre-
mRNA sequences and act as RBPs to link flanking introns, thus
promoting circularization and subsequent circRNA generation
(Conn et al,, 2015). The process resembles the intron pairing-
driven circularization model, except that in this case, after
binding to specific putative binding sites, RBPs like MBNL1
dimerizes and brings the introns together, which leads to the
circularization of the pre-mRNA and production (Figure 1).

THE FUNCTIONS OF CircRNAs

It is well established that circRNAs can act as miRNA sponges
by competing for miRNA binding sites, and diminish the effect
of miRNA-mediated regulatory activities. The best characterized
circRNA with miRNA sponge function, the human cerebellar
degeneration related protein 1 antisense (CDRIas, also termed
as ciRS-7) circRNA acts as a sponge for miR-671 and miR-
7 to inhibit their expression in vivo (Piwecka et al, 2017).
Experiments overexpressing CDR1as circRNA and using CDR1as
gene knockdown demonstrated that overexpression of CDR1as
circRNA increases the expression of miRNA targets, whereas
its knockdown had the opposite effect, indicating that this
circRNA be crucial for normal neuronal development. This
type of in vivo models helps us gain a deeper understanding
of the complex functions of circRNA in gynecological tumors.
In human tumor cells, circRNA the following five possible
functions in regulating different molecular pathways have been
identified: miRNA sponging, protein binding, regulation of gene
transcription or splicing, and translation of proteins or peptides
(Figure 2).

MicroRNA (miRNA) SPONGING

Growing evidence has confirmed that circRNA regulates gene
expression through competitive binding with miRNA, leading
to its designation as a “miRNA sponge” (Chen et al., 2018). For
example, the upregulation of circ_0103552 induced oncogenic
activity in breast cancer cells, partly by directly sponging miR-
1236, and is accompanied by a poor prognosis (Yang et al., 2019).
Other findings indicate that circRNAs regulate the development
of ovarian tumors through a variety of mechanisms, among
which miRNA sponging is the most prominent. After being
synthesized in the nucleus, ecircRNAs are transported to the
cytoplasm where they mainly act as a miRNA sponge, while
other circRNAs can interact with miRNA to transcribe or
post-transcriptionally regulate gene expression (Chen, 2016).
Recently, a study indicated that hsa_circ_0061140 is highly
expressed in ovarian cancer (OC) cell. In addition, circ-FOXM1
becomes a competitive endogenous circRNA by binding to miR-
370 (Chen et al., 2018; Yang et al., 2019). Several studies showed
that circ-ITCH suppresses the Wnt/B-catenin pathway and thus
its dysregulation is involved in the progression of various cancers
(Hu C. et al, 2018). Circ-HIPK3 plays an important role
in cancers by sponging multiple miRNAs, thereby promoting
miRNA-124 and circFoxo3-mediated inhibition of the growth
and survival of cancer cells (Teng et al., 2019) (Table 1).

CircRNAs INTERACT WITH AND BIND
TO PROTEINS

Like linear RNAs, recent studies have shown that some
circRNAs can also be used as RBP sponge to isolate the
RBP by hiding the binding site of a specific protein, and
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TABLE 1 | The expression and mechanisms of circRNAs in cervical cancer.

Circular RNAs  Cancers Clinical Mechanisms References

expression samples or
target gene cell lines

has_circ_0018289 _ 35 pairs of Hsa_circ_0018289 Gao et al.,

CC Up cervical promote cervical 2017
cancer cancer proliferation,
tissue migration and
compared invasion via
with sponging miR-497.
adjacent
normal
tissue and
celllines

circMTO1 CC Up  S100A1 HeLa and Increase ST0O0A1  Wright et al.,
SiHa cells  expression by 2009

sponging miR-6983
hsa_circ_0000515 ELK1 Hela, U14, IncreaseELK1

CC Up SiHa, CaSki expression by

sponging miR-326

competitively bind the protein and reduce protein activity.
Some circRNAs, such as ciRS-7 and sex-determining region
Y (SRY) circRNA (circ-SRY), can trigger the linearization
and AGO2-mediated degradation of ciRS-7, which enables
the release of the absorbed miRNA molecules and inhibit
mRNA transcription (Capel et al., 1993). In addition, Du
et al. (2016) found that circ-Foxo3 can competitively bind
to p53 and mouse double minutes 2 homolog (MDM?2),
thereby decreasing the interaction between Foxo3 and MDM2
and enhancing Foxo3 activity, promoting MDM-induced p53
ubiquitination and degradation, ultimately leading to cell
apoptosis (Huang et al, 2015; Li F. et al, 2015; Du et al,
2016; Wan et al.,, 2016). Circ-MBNLI1 can bind to muscleblind
like splicing regulator 1 (MBNLI, also termed MBL) protein;
some studies have shown that due to the feedback loop

mechanism, the biosynthesis of circ-MBNL1 will be affected
by the level of MBNLI1, and the high level of MBNLI protein
will also affect the process of converting MBNL1 pre-mRNA
into circ-MBNL1 (Ashwal-Fluss et al., 2014). Furthermore,
current evidence indicates that circRNAs can participate in
the regulation of cancer pathogenesis by combining with
various partners such as RBPs, including QBP, AGO, POL
II, MBNLI1, and other RBPs (Ashwal-Fluss et al., 2014; Du
et al., 2016). For example, QKI interaction with circRNAs
may lead to the regulation of epithelial-mesenchymal transition
(EMT) during cancer progression. In addition, recent findings
indicate that many circRNAs interact with HuR (a type
of RBP) in cervical cancer (CC) cells. In addition, Circ-
PABPN1 can bind to HuR, and HuR and circ-PABPN1
compete with PABPN1 mRNA (Dudekula et al., 2016). Despite
extensive research on circRNAs, many remain unknown, and
they may play key roles in cancer and could serve as
biomarkers. According to these findings, it is safe to say
that circRNAs have multiple functions in tumor development
and progression.

REGULATION OF TRANSCRIPTION AND
ALTERNATIVE SPLICING

Most circRNAs are located in the cytoplasm and regulate gene
transcription. However, recent studies have reported that an
EIciRNA accumulates at a transcription site and promotes the
expression of the parental gene (Zhang et al., 2013). Knockout of a
pair of EIciRNAs can inhibit the transcription of their host gene.
Some EIciRNAs can interact with UlsnRNPs (U1 small nuclear
ribonucleoproteins), and the EIciRNA-U1 snRNP complex binds
to RNA Pol II on the promoter of its parent gene, thereby
enhancing gene expression. Once such RNA-RNA interaction is
blocked, it destroys the interaction between EIciRNA and RNA
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Pol II and reduces the transcription of their host genes (Li P.
et al., 2015). Moreover, certain circRNAs can compete with their
linear counterparts against canonical pre-mRNA splicing, thus
suppressing the expression of their host gene (Zhang et al., 2013;
Wang et al., 2017). Cyclization and splicing compete with each
other, leading to ecircRNAs to play a role in alternative splicing
(Ji et al., 2019). Once back splicing occurs, it splices out internal
exons, leading to alternative splicing. EIciRNA may be isolated
from the translation start site, and thus truncated linear mRNA
cannot be translated.

TRANSLATING PROTEINS OR PEPTIDE

Although circRNAs are considered to be non-coding RNAs,
accumulating data indicate that certain circRNAs are also
translated into proteins. According to reports, circCTNNBI
produces a CTNNBLI isoform (i.e., B-catenin) containing 370
amino acids, which was found to be able to antagonize the
GSK3p-induced P-catenin phosphorylation, thereby stabilizing
the degradation of full-length B-catenin (Wang et al., 2015).
In addition, recently numerous studies have shown that cyclic
IncRNA-PINT may be translated into peptides to inhibit the
proliferation of glioblastoma cells and the translation extension
of oncogenes by capturing PAFlc (Abe et al, 2015). Unlike
linear RNAs, some circRNAs prevent ribosomes from being
recognized and translated into protein due to the lack of the 7-
methylguanosine cap structure and poly(A) tail (Pamudurti et al.,
2017). However, to date, almost no circRNA has been found to
be translated into protein, so it is necessary to conduct further
research in this field.

THE EXPRESSION, AND RELATED
MECHANISMS OF CircRNAs IN
GYNECOLOGICAL CANCERS

Expression of CircRNAs in Cervical

Cancer

CC is the fourth most frequently diagnosed cancer and the fourth
leading cause of cancer death in women worldwide in 2018
(Cohen et al., 2019). Human papilloma virus (HPV) infection
is positively correlated with the occurrence and development of
CC (Cohen et al,, 2019). Recent study analyzed the expression
of circRNAs in CC tissues. The analysis found that 45 different
circRNAs were prominently expressed in CC tissues compared to
control tissue samples, among which hsa_circ-0018289 was the
most prominent. They found that knocking out this particular
circRNA inhibited the proliferation and invasion of tumor cells.
In addition, they also ascertained that hsa_circ_0018289 acts
as a miRNA sponge and directly binds to miRNA-497 (Gao
etal., 2017). Zheng et al. (2018) analyzed the circRNA expression
profiles of CaSki CC cell line transfected with E7 sicirc-RNA
and identified 526 abnormally expressed circRNAs. Subsequent
bioinformatics analysis revealed that these HPV16/18-type E7
and E6 oncoproteins were necessary for the transformation

and maintenance of the malignant phenotype of CC cells
(Caietal., 2018; Zheng et al., 2018). Chen et al. (2019) showed
that the direct interaction between Circ-MTO1 and miR-6893
could rescue the invasion, migration and chemotherapeutic
resistance of CC cells regulated by MTO1 Previous studies
have shown that SI00A1 promotes the progression of OC and
hepatocellular carcinoma’ and circMTO1 was found to act as a
sponge of miR-6893 to elevate the expression level of S100A1 in
clinical CC (Wright et al., 2009). Moreover, Tang et al. (2019)
reported that hsa_circ_0000515 was highly expressed in CC
tissues and cells. Furthermore, hsa_circ_0000515 acts as a sponge
of miR-326 and enhances ELK1 expression. ELK1, a transcription
factor that belongs to the ETS family and ternary complex factor
(TCF) subfamily, was found to play key roles in the regulation
of cellular growth, differentiation, and survival (Dun and Gao,
2019). Inhibition of ELKI1 inhibited cell cycle and promoted
apoptosis. Thus, hsa_circ_0000515 plays a tumor promoting role
in CC via hsa_circ_0000515/miR-326/ELK1 regulatory axis. Last
but not least, they also suggested that hsa_circ_0000515 may be a
promising target for CC treatment (Table 1).

CircRNAs Suppress Tumor Progression
Currently, several circRNAs have been found to play different
roles in a variety of cancer types. In cancer research, one
of the best studied circRNAs is generated from the tumor
suppressor gene FOXO3, a member of the forkhead family of
transcription factors that has been found to induce apoptosis
of cancer cells through a variety of biological processes.
Circ-FOXO3 indirectly increases the expression of the linear
mRNA of its host gene by binding to p53 and MDM2. The
increase in circ-Foxo3 expression reduces the interaction between
FOXO3 and MDM2, leading to the release of FOXO3, thereby
increasing its activity, ultimately leading to increased apoptosis
(Du et al, 2016; Kong et al., 2020). Hsa_circ_0001445 (also
known as circ-SMARCAS5) acts as a sponge for miR-620 and
inhibits the progression of CC tumors, since its expression
in CC cells is downregulated and its overexpression inhibits
their proliferation, invasion and migration (Dai et al., 2018).
Recently, circ-CLK3 was identified as a new type of circRNA
overexpressed in CC. It has also been shown that inhibiting
miR-320a and preventing its ability to inhibit the expression
of the FoxMI1 transcription factor promote cell proliferation,
epidermal-mesenchymal transformation (EMT) and invasion of
CC cells (211) (Hong et al., 2019) (Table 4).

CircRNAs Promote Tumor Progression

Recently, a reported research study has shown that a new
type of circRNA, namely circ-SLC26A4, is highly expressed
in CC (Ji et al, 2020). Knockout of circ-SLC26A4 in vitro
and in vivo was shown to inhibit tumor proliferation and
invasion. Moreover, circ-SLC26A4 was found to target the 3UTR
of HOXA7 mRNA and sponge miR-1287-5p. Therefore, circ-
SLC26A4 acts as a sponge of miR-1287-5p to promote the
expression of HOXA?7, which may potentially lead to new CC
treatment strategies. In addition, circAMOTLI, which acts as a
sponge for miR-485-5p, was found to enhance the expression of
AMOTLI (Ou et al., 2020). Moreover, Gao et al. (2017) found
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45 upregulated circRNAs by analyzing 35 CC patients. Like other
circRNAs, hsa_circ_0018289 exhibited carcinogenic effects on the
progression of CC (He et al., 2020). Also, hsa_circ_0018289 was
found to act as a sponge for miR-497, leading to increased cell
proliferation of CC cells (He et al., 2020). Additionally, Mao et al.
(2019) found that circ-EIF4G2 is overexpressed in CC cells and
binds to miR-218, and at the same time, both can promote the
expression of HOXAT1 and enhance the progression of CC. Liu J.
et al. (2018) showed that circ_8924 is overexpressed in CC cells
and can bind to members of the miR-518d-5p/519-5p family.
Therefore, they can promote the expression of the chromobox 8
(CBX8) axis (Liu J. et al., 2018) (Table 4).

CIRCULAR RNAs AND OVARIAN
CANCER

Expression of CircRNAs in Ovarian

Cancer

OC was one of the major causes of cancer death in women
worldwide in 2020 (Siegel et al., 2020). Signaling pathways and
dysfunction of cellular mechanisms significantly influence the
progression and invasion of OC. The correlation and association
between the regulation of circRNAs and OC have received
much research interest. Ahmed et al. (2016) was the first to
analyze circRNA expression in clinical ovarian tumors and found
numerous differentially expressed circRNAs in tumor samples.
They also detected differences in the miRNA and circRNA
expression levels between primary and metastatic ovarian
tumors. Regarding RNA exonuclease resistance and circRNAs
stability, primary tumors were distinguished from metastatic
lesions rather than mRNAs. Notably, in ovarian metastases,
signaling pathways, such as STAT, AKT, NF-kB, TGF-B, ILK,
HGE and VEGF are commonly activated to produce linear
RNA and angiogenesis signaling pathways that are negatively
expressed in circRNAs. Hu J. et al. (2018) have demonstrated
that circ-ITCH acts as a sponge for miR-145 to increase RASA1
expression and inhibit progression of OC cells. The miRNA
sponge cycle in cells is a candidate for cancer diagnosis and
treatment based on RNA. In contrast to the downregulated
circ-ITCH expression, studies have indicated that the abnormal
expression of circRNA in OC can play an oncogenic role (Hu J.
et al., 2018). Recently, VPS13C-hsa_circ_001567 was shown to
be able to promote the invasion and migration of OC cells, as
well as enhance their invasion and migration ability. It was also
shown that VPS13C-hsa_circ_001567 is involved in the VPS13C-
has_circ_001567-miR-370- FOXM11 axis playing a role as the
competing endogenous RNA (ceRNA) of the miR-370 sponge,
thereby increasing the level of FOXM11 (Bao et al., 2019). This
finding indicates that different circRNAs play opposite roles in
the regulation of the biological behavior of OC cells by acting as
tumor suppressor genes or oncogenes (Table 2).

CircRNAs Suppress Tumor Progression
Previously, a number of studies showed that CDRlas can
promote cancer in the various human cancer processes. Clinical

TABLE 2 | The expression and mechanisms of circRNAs in ovarian cancer.

Circular RNAs Cancer Clinical Mechanisms References
expression samples or
target gene cell lines
circITCH OC RASA1 20 paired OC  Increases Hu J. etal.,
down tissues and FOXK2 2018
adjacent expression by
normal tissues; sponging
CAQOV3 and miR-93-5p
SKOV-3 cells
VPS13C OC FOXM11 20 paired OC  Increases Bao et al.,
Down - tissues and N-cadherin 2019
has_circ_001567 adjacent expression And
normal decreases
tissues;SKOV-3 E-cadherin
and OV-1063  expression
cells
circ_0061140 OC FOXM1 SKOV-3 and Promotes EMT Chen et al.,
Up A2780 cells by increasing  2018; Zou
FOXM1 etal., 2018
expression via
sponging
miR-370
CircPLEKHM3 BRCA1 5 OC tissues Inactivates the  Zhang et al.,
OC Down DNAJBBKLF4 and 5 normal  PIBK/AKT and 2019
ovarian Wnt/B-catenin
epithelial pathways via
tissues; A2780 promoting
and BRCAT,
MDAH2274 DNAJB6a and
cells KLF4
expression by
sponging
miR-9

studies have indicated that the expression level of CDRlas
has a positive correlation with poor clinical prognosis, and
it is a key prognostic indicator for lung cancer (Chen et al,
2019). However, some studies have shown that CDRlas is
downregulated in OC tissues. In addition, CDR1as inhibits the
function of OC cells by binding to miR-135b-5p. Other studies
have shown that circ_100395 has a lower expression level in
OC tissues than the corresponding non-cancerous tissues (Li
et al., 2020). Furthermore, OC patients with a lower expression
of circ_0078607 are more likely to have better prognosis.
Therefore, circ_0078607 may be a crucial molecular target for
patients with ovarian cancer. Also, circ_0078607 can function
as a molecular sponge for miR-518a-5p, which promotes the
inhibitory effect of miRNA on the expression of Fas, which is
a membrane protein belonging to the tumor necrosis factor
receptor superfamily (Zhang et al., 2020). Fas interacts with
receptor Fas ligand (FasL), which induces a cascade of death
signals and ultimately leads to cell apoptosis. According to
the bioinformatics analysis results, Fas is the direct target of
miR-518a-5p, thus we hypothesize that circ_0078607 acts as a
sponge for miR-518a-5p and can increase the expression of Fas,
thereby inhibiting the proliferation and invasion of OC cells and
promoting their apoptosis. Accordingly, the circ_0078607/miR-
518a5p/Fas axis can promote new aspects of the treatment of
ovarian cancer patients (Zhang et al., 2020). Zhang et al. (2019)
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showed that Circ-PLEKHM3 downregulation can promote the
progression of ovarian cancer cells; EMT induction promotes
tumor metastasis; and CircPLEKHM3 upregulation can play the
opposite role. Circ-PLEKHM3 can as a miR-9 sponge and since
the ceRNA enhances the inhibitory effects of BRCA1, DNAJB6,
and KLF4 on miR-9 target genes. The circ-PLEKHM3-miR-9 axis
promotes the occurrence and metastasis of OC. Circ-PLEKHM3
expression is downregulated in OC. Patients with a low level of
circ-PLEKHM3 have a poor prognosis (Zhang et al., 2019). Chen
etal. (2018) found that hsa_circ_0061140 is overexpressed in OC
cell lines And a Knockout of this gene can inhibit the progression
of OC cells in vivo and in vitro by inhibiting the expression of fork
head box M1 (FOXM1) by sponging miR-370 (Chen et al., 2018;
Zou et al., 2018) (Table 4).

CircRNAs Promote Tumor Progression

Zong et al. (2019) analyzed 79 cases of epithelial ovarian cancer
tissue and 13 cases of normal ovarian tissue and measured the
expression level of circ-WHSCI1. Their results reveal that circ-
WHSCI is significantly overexpressed in OC and is significantly
correlated with the degree of differentiation, which indicates that
circ-WHSC1 may be significantly correlated with the progression
of OC. Moreover, circ-WHSC1 was upregulated, while the
expression of miR-1182 and miR-145 was upregulated in OC. The
high expression of circ-WHSC1 may promote cell proliferation
and inhibit cell apoptosis. Furthermore, circ-WHSC1 act as a
sponge for miR-1182 and miR-145 to enhance the expression
of MUC1 and hTERT. In other words, CircWHSC1 promotes
the occurrence and development of OC through the miR-1182
and miR-145/MUCI and hTERT axis, providing a promising
target for the treatment of OC. Liu et al. (2020a) found that
circ-GFRAL is highly expressed in OC The downregulation of
circ-GFRAL inhibits cell proliferation and invasion and induce
apoptosis. Additionally, circ-GFRA1 can play an important role
by acting as a sponge for miR-449a. Therefore, circ-GFRA1 may
be a potential diagnostic biomarker, and therapeutic target for
OC (Liu et al,, 2019). Finally, Xie et al. (2019) conducted a series
of experiments to demonstrate that circ-EPSTI1 acts as a sponge
for miR-942 to increase the expression of EPSTIL. In addition,
another study showed that circEPSTI1 inhibited the occurrence
and development of cancers, and induced apoptosis in OC, thus
confirming its carcinogenic effect (Xie et al., 2019) (Table 4).

CIRCULAR RNAs AND ENDOMETRIAL
CANCER

Expression of CircRNAs in Endometrial

Cancer

Endometrial cancer (EC) is a common gynecological tumor
in women all over the world. CircRNAs are highly conserved
and stable non-coding RNAs, which have recently attracted
considerable attention due to their potential function in cancer
development (Li et al, 2018). They have multiple miRNA
binding sites, which mediate their activity by competitively
binding to target miRNAs, thereby inhibiting transcription of

downstream genes (Patop and Kadener, 2018). However, the
mechanism by which circRNAs regulate gene expression in
EC remains unclear. Studies have shown that circ_0067835
is significantly increased in EC. Recently, circ_0067835 was
found to be positively correlated with HMGA1 in EC (Liu
et al, 2020a). HMGA1 is predicted to be a downstream
target of miR-324-5p in EC and is identified as an important
prognostic biomarker for EC. Circ_0067835 acts as a sponge for
miR-324-5p to induce the expression of HMGA1.Accordingly,
circ_0067835 can compete with miR-324-5p, leading to the
overexpression of HMGA1, thereby inducing the progression of
EC. In addition, the expression of hsa_circ_0002577 was found to
be significantly upregulated in EC tissues, and its high expression
was associated with advanced FIGO staging, lymph node
metastasis and low overall survival rate of EC patients. Knockout
of hsa_circ_0002577 significantly reduced the proliferation, and
migration of EC cells in vitro, and reduced tumor growth in vivo.
Therefore, hsa_circ_0002577 can play a vital role through the
hsa_circ_0002577/miR-197/CTNND1/Wnt/B-catenin signaling
pathway, which represents a new therapeutic option for
developing EC therapeutics. Increasing evidence shows that by
sequestering miRNAs, circRNAs play a key role in regulating
gene expression (Shen et al., 2019). Circ_0109046 and HMGA2
were upregulated in EC tissues and cells, while miR-136
was downregulated. HMGA2 promotes tumor progression
in gynecological cancers. Shi et al. (2020b) proposed that
circ_0109046 acts as a sponge for miR-136 to enhance the
expression of HMGA2, indicating that circ_0109046 may be a
promising target for EC treatment. In addition, studies have
shown that the expression level of Circ_ PUMI in EC tissues is
significantly higher than that of normal tissues. The upregulation
of circ. PUM1 promotes the proliferation, migration and
invasion of EC cells. After knocking out circ_ PUMI1, the
tumorigenic ability of EC cells is reduced. Circ_PUMI can
compete with miR-136, leading to the up-regulation of NOTCH3,
thereby promoting EC development (Zong et al., 2020) (Table 3).

CircRNAs Promote Tumor Progression

Some previous studies have shown that circWHSC1 is highly
expressed in (EC) and promotes EC. Liu et al. (2020d) collected
a total of 26 normal endometrial tissues and 32 EC tissues, which
were confirmed pathologically. They found that overexpression
of circWHSC1 promoted cell proliferation, migration and
invasion, and inhibited apoptosis (Liu et al., 2020d). In addition,
it has been reported that circ WHSC1 acts as a sponge for miR-136
and targets NPM1 mRNA to negatively regulate the progression
of EC. NPM1 is highly expressed in EC and has a positive
correlation with the clinical stage and histological grade of EC.
A recent study in 28 tumor samples and adjacent normal tissues
of EC patients showed that circTNFRSF21 rescues the MAPK13-
ATF?2 signaling pathway activity by acting as a miR-1227 sponge
in EC cells. The high expression level of circTNFRSF21 promoted
EC cell growth, cell cycle progression and in vivo tumor growth.
Thus, circTNFRSF21-miR-1227-MAPK13/ATF2 axis may be a
promising target in EC treatment (Liu et al., 2020b). Liu et al.
(2020b) showed that hsa_circ_0061140 acts as a sponge for miR-
149-5p and as an oncogenic circRNA in EC. In addition, it has
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TABLE 3 | The expression and mechanisms of circRNAs in ovarian cancer.

Circular RNAs Cancer Clinical Mechanisms References
expression samples or

target gene cell lines

circ_0067835 EC HMGA1 10 Endometrial Increases Liu et al.,
Up cancer tissues HMGA1 2020a
and 10 normal expression by
endometrial sponging
tissues;HEC1- miR-324-5p
B and RL95-2
cells
hsa_circ_0002577 CTNND1 36 paired EC  Increases Shen et al.,
EC Up tissues and Wnt/B-catenin 2019
adjacent pathways via
normal promoting
endometrial CTNND1
tissues; ECC-1 expression by
and HEC-1-A  sponging
cells miR-197
circ_0109046 EC ~ HMGA2 44 Endometrial Increases Shiet al.,
Up cancer tissues HMGA2 2020a
and 44 normal expression by
endometrial sponging
tissues;HEC1- miR-136
A, KLE and
Ishikawa cells
circPUM1 EC Up NOTCH3 69 paired EC  Increases Zong et al.,
tissues and NF-kB/MMP2 2020
adjacent expression by
normal sponging miR-
endometrial 615-5p/miR-
tissues; 6753-5p
HEC-1B
CELLS and
Ishikawa
human
endometrial
carcinoma
cells

also been confirmed that STAT3 is a downstream target of miR-
149-5p. Therefore, hsa-circ_0061140 promotes the progression
and migration of EC by regulating miR-149-5p and STAT3 (Liu
et al., 2020c) (Table 4).

THE BIOMARKERS AND THERAPEUTIC
TARGETS OF CircRNAs IN
GYNECOLOGICAL CANCERS

CircRNAs as Promising Biomarkers of

Cervical Cancer Prognosis

Compared with paired normal tissues, circ_0067934 is highly
expressed in CC tissues and cell lines. The upregulation of
circ_0067934 is also related to positive lymphatic metastasis
of CC patients, which indicates that it can be used as a
promising biomarker for CC metastasis. Compared with adjacent
normal tissues, circ_0018289 is highly expressed in CC tissues,
and is strongly associated with decreased overall survival rate
(He et al, 2020). This suggests that circ_0018289 may be

a promising biomarker for prognostic evaluation. Moreover,
it has been shown that hsa_circ_0023404 is overexpressed in
CC tissues and cell lines (Zhang et al, 2018). This finding
indicates that the overall survival rate of patients with high
expression level of hsa_circ_0023404 is lower than that of patients
with low expression level of hsa_circ_0023404. The possible
related mechanism is that hsa_circ_0023404 sponges miR-136.
Also, hsa_circ_0023404 induces the activation of the related
protein Yes-associated protein (YAP) pathway, which leads to
the progression of CC (Zhang et al, 2018). Recently, Song
et al. (2019) found that hsa_circ_101996 is upregulated in CC
and is related to tumor stage, size, lymph node metastasis and
poor prognosis. Moreover, circ_0067934 sponges miR-545 and
is correlated with advanced cancer, lymph node metastasis and
metastasis, as well as poor prognosis (Hu C. et al., 2018; Song
et al,, 2019). In addition, circ-ATP8A2 is also upregulated in CC
cells, and the circATP8A2/miR-433/EGFR axis plays a critical role
in the progression of CC (Mao et al., 2019) (Figure 3).

CircRNAs as Potential Therapeutic

Targets in Cervical Cancer

A very recent study has shown that has_circ_0000745 is
overexpressed in CC patients, and its high expression is
correlated with poor tumor differentiation and vascular invasion.
Knocking out hsa_circ_0000745, upregulated the expression of
cadherin 1, which can inhibit the progression of CC cells,
indicating that this circRNA could be an ideal target candidate
for the development of CC therapy (Jiao et al., 2019). Other
studies have shown that post-transcriptionally circ-ATP8A2 acts
as a sponge for miR-433 to inhibit the expression of epidermal
growth factor receptor (EGFR). Studies in a nude mouse model
revealed that the knockout of circ_0000285 can clearly inhibit the
occurrence and migration of CC. In other words, circ_0000285
can promote the progression and metastasis of CC (Chen et al,,
2019). Other studies found that the expression of circRNA_8924
in CC tissue samples was significantly higher than that in adjacent
non-tumor tissue samples, and was correlated with FIGO staging,
myometrial invasion, and tumor size (Liu J. et al., 2018). Also,
circRNA_8924 was found to act as a sponge for miR518d-5p/519-
5p to elevate CBX8 expression and inhibit progression of CC cells
and promote apoptosis of CC cells (Figure 3).

CircRNAs as Biomarkers of Ovarian

Cancer Diagnostic and Prognostic

CircRNAs as Novel Serum Biomarkers of Ovarian
Cancer Diagnostic and Prognostic

CircRNAs can reflect the progression of cancer in clinical practice
and can be used to predict the prognosis of OC patients,
thus it has the potential to act as a biomarker. Research on
circulating cell-free circRNA extracted from blood is a hot
topic in the field of diagnostic biomarkers (Chen et al., 2019;
Fan et al,, 2019). For example, Fan et al. (2019) collected 414
serum samples, including samples from 121 healthy controls,
and found that circMAN1A2 was significantly upregulated in
the serum samples of patients with NPC, oral cancer, thyroid
cancer, ovarian cancer, and lung cancer and had good clinical
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TABLE 4 | CircRNAs suppress and promote gynecological tumors progression.

Circular RNAs Gynecological cancers miRNA Cancer expression target gene Function References
hsa_circ_0001445 (circ-SMARCAS5) CC miR-620 — — Dai et al., 2018
circ-CLK3 CC miR-320a FoxM1 - Dai et al., 2018
circ-SLC26A4 CC miR-1287-5p HOXA7 + Jietal., 2020
circAMOTLA CC miR-485-5p AMOTL1 + QOu et al., 2020
circ-EIF4G2 CC miR-218 HOXA1 + Mao et al., 2019
circ_8924 CC miR-518d-5p/519-5p CBX8 + Liu J. etal., 2018
circCDR1as oC miR-135b-5p - Chen et al., 2019
circ_0078607 OoC miR-518a-5p Fas — Zhang et al., 2020
circ-PLEKHM3 OC miR-9 BRCA1, DNAJB6,KLF4 Zhang et al., 2019
hsa_circ_0061140 oC miR-370 FOXMA1 Chen et al., 2018; Zou et al., 2018
circ-WHSC1 oC miR-1182 miR-145 MUC1/hTERT + Zong et al., 2019
circ-GFRA1 OC miR-449a — + Liu et al., 2020a
CircEPSTI OC miR-942 EPSTH + Xie et al., 2019
circWHSC1 EC miR-136 NPM1 + Liu et al., 2020a
circTNFRSF21 EC miR-1227 MAPK13/ATF2 + Liu et al., 2020a
hsa_circ_0061140 EC miR-149-5p STAT3 + Liu et al., 2020a
Promote tumor progression (+); suppress tumor progression (—).
N G
s\ %o
. “QQ"‘ \ \00007
%3‘: C\((‘};c} O(.};'(' ; sol,
QG\ 2O e 0002 (.4?’
Q @Q N4, 385 Ly
RO 2y 42
(003 73 79
o €ry
(@5\0 pel"lc
0 "'?rge
Iy Q Q
N F ‘g
o=
i - 2 o2 §
33 5 5% g3
RS L . s s 2%
QIE ) - Gynecological 1 ;:w: g Q 5
Ean A = Cancer Cly SR
[CRIRT = e BF =
=l L 2  2g=
T & E = 2 t223
- &35 »
=2 8 & .
g|-5 22 endometrial cancer
= 9 <
o ' Q
) s, .
5. 2us, Q,s°& %@ﬁ
. 7 G e
G, s, . 0'00 o
O. 400 ‘?6’1 & ,3'36 4)$ N
Cs. ey, Cy K/ O ovarian cancer
ey, Vo, %, &
Gy 80 = . 5
Zegy b2y Ci "/‘z% A °
L Yep
ey 20, g AN
lree, Q012 o
Cive, iy 78 ©
qu 24
FIGURE 3 | CircRNAs can be used as biomarkers of cervical cancer (CC) metastasis and prognosis as well as potential therapeutic targets. CircRNAs can be used
as biomarkers of ovarian cancer (OC) diagnosis and prognosis, as well as chemoresistance. Expression of CircRNAs are expressed in endometrial cancer (EC) and
are potential biomarkers for endometrial cancer.

diagnostic value. Thus, they suggested that circMAN1A2 could
be a serum biomarker for malignant tumors, providing important
insights into diagnostic approaches for malignant tumors (Fan

et al,, 2019). In addition, the circulating circ-ABCB10 can also
serves as diagnostic biomarkers of OC, based on the finding
that the high expression level of circ-ABCB10 is correlated with
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the lower overall survival rate of OC patients (Chen et al., 2019)
(Figure 3).

CircRNAs as Biomarkers of Ovarian Cancer Tissue
Diagnostic and Prognostic

In addition, Ning et al. (2018) found that the circ-EXOC6B,
circ-N4BP2L2 and circ-CELSRI, are clearly dysregulated in OC
tissues, and thus may represent promising OC biomarkers. It
is of great importance to evaluate the prognosis of doctors
of the OC patients. It has been reported that circ-BNC2 can
distinguish early stage ovarian cancer patients from benign and
healthy subjects, and may be a specific diagnostic biomarker
for OC (Hu et al., 2019). The low expression of circ-EXOC6B
and circ-N4BP2L2 in OC patients is closely related to the
overall survival rate and disease-free survival rate. However,
it has been demonstrated that several circRNAs can suppress
tumors in OC patients and their prognosis evaluated. The Circ-
HIPK3 was found to be overexpressed in OC tissues and its
high expression was significantly correlated with lymph node
infiltration, FIGO stage and poor prognosis in OC patients
(Liu N. et al., 2018). Recent studies have shown that the
expression of circ-LARP4 is significantly downregulated in OC
tissues, and is correlated with FIGO stage, progression and lymph
node metastasis. Therefore, circ-LARP4 may be a promising
marker for predicting the prognosis of OC patients (Zou et al.,
2018) (Figure 3).

CircRNAs in Ovarian Cancer

Chemoresistance

Chemoresistance and recurrence of OC have become a burden
for effective management of the disease. It has been reported
that there are many subtypes of cancer associated with
chemoresistance and a circRNA. Patients with OC often develop
chemotherapy resistance, which makes it unlikely to achieve
satisfactory treatment outcomes with chemotherapy. Wang et al.
(2019) found that the higher circ-SETDBI1 expression level in
serum is significantly correlated with lymph node metastasis
and clinical stages, and can be used as an important indicator
to distinguish patients from healthy subjects. It should be
noted that in that study the circ-SETDB1 serum expression
level of patients with primary chemotherapy resistance was
significantly increased, indicating that serum circ-SETDBI is
likely an important indicator of the OC chemotherapy response
and recurrence. Zhao et al. (2019) compared cisplatin-resistant
and sensitive OC tissues at the expression level of circRNAs
and found that expression level of CDR1as in tissues and cells
from patients with cisplatin resistance was generally low (Zhao
et al,, 2019). In other studies, an inhibitory effect of CDRlas
on OC cells. These studies showed that CDR1las can enhance
the sensitivity of OC to platinum through the miR-1270/SCAI
signaling pathway (Figure 3).

CircRNAs as Potential Biomarker in

Endometrial Cancer
In recent years, circRNAs have been used as a promising
biomarker and the mechanism of action of certain circRNAs

in EC cells and tissues have been studied. Numerous studies
have shown that there are 75,928 dysregulated circRNAs in EC
cells. There are 62,167 circRNAs expressed in EC cells, which
are significantly upregulated or downregulated compared to their
expression in normal endometrial tissue (Ye et al., 2019). Both
Hsa_circ_0039569 and hsa_circ_0001610 are relatively unique
circRNAs., Although their expression levels have nothing to do
with myometrial invasion, grade 1-2 EC, lymph node metastasis,
tumor size, FIGO stage, and patient age, they are closely
correlated with tumor differentiation. Some studies indicate that
the hsa_circ_0039569 interacts with the hsa-miR-542-3p/hsa-
let-7c-5p axis, which has a low expression level in grade 3
EC. In other words, hsa_circ_0039569 inhibits the expression
of hsa-miR-542-3p/hsa-let-7c-5p, which may be a promising
biomarker in EC (Xu et al., 2018). According to reported research,
RP11255H23.4 and HSPG2 are expressed in normal endometrial
tissues, but not in EC tissues (Shi et al., 2020a). Moreover, the
corresponding miRNA expression level is also elevated state in
normal tissues, which indicates that circRNAs can competitively
combine with related miRNAs to promote the progression of
EC. Together the above research results showed that circRNAs
may be promising biomarkers and therapeutic targets for the
diagnosis of EC (Figure 3).

CONCLUSION

In conclusion, as described in this review, dysregulation of
the expression of circRNA genes is considered to be one of
the main mechanisms driving tumorigenesis and progression.
A large amount of research data indicates that circRNAs have
important roles in the progression of various cancers. The latest
research shows that abnormal circRNA expression can have
an important impact on the occurrence and development of
gynecological cancers through a miRNA sponge mechanism.
EIciRNAs are very stable, so they have great potential for
application in the diagnosis or therapeutic intervention of
tumors. Furthermore, certain circRNAs may be ideal for the
treatment of tumors. With the advances and application of high-
throughput sequencing technology, researchers have identified
increasing an increasing number of circRNAs. However, their
role and mechanism in gynecological tumors are still unclear.
Moreover, the recent research sample population usually comes
from a single research center and the number of samples is
relatively small. Furthermore, due to the complexity of the tumor,
not many exact functions have be found. Therefore, the use of
more readily available clinical sample types (such as serum, urine)
will improve the reliability of the research results. At present,
most research focuses on the sponge function of circRNAs, and
to a certain extent, the research on other functions is ignored.
The pathogenesis of tumors is complex and variable, thus, the
mechanisms of action of circRNAs in tumors have not been
thoroughly studied, and further research on this topic is needed.
Based on the conclusions of current clinical and experimental
studies, this article summarized the potential of circRNAs as
new biomarkers of the diagnosis and treatment of gynecological
cancers. However, research on circRNAs in gynecological tumors
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is still in the early stages, further research is needed to broaden
the application potential of circRNAs.

AUTHOR CONTRIBUTIONS

YM, LZ, YG, WZ, QZ, and YX performed literature searches
and selected the studies and reviews discussed in the manuscript.
The first draft of the manuscript was prepared by YM, LZ, YG,
WZ, and QZ made subsequent amendments. YX revised the

REFERENCES

Abe, N., Matsumoto, K., Nishihara, M., Nakano, Y., Shibata, A., Maruyama, H.,
et al. (2015). Rolling circle translation of circular RNA in living human cells.
Sci. Rep. 5:16435. doi: 10.1038/srep16435

Ahmed, I., Karedath, T., Andrews, S. S., Al-Azwani, I. K., and Malek, J. A. (2016).
Altered expression pattern of circular rnas in primary and metastatic sites
of epithelial ovarian carcinoma. Oncotarget 7, 36366-36381. doi: 10.18632/
oncotarget.8917

Ashwal-Fluss, R., Meyer, M., Pamudurti, N. R, Ivanov, A., Bartok, O., Hanan, M.,
et al. (2014). circRNA biogenesis competes with pre-mRNA splicing. Mol. Cell
56, 55-66. doi: 10.1016/j.molcel.2014.08.019

Athanasiadis, A., Rich, A., and Maas, S. (2004). Widespread A-to-I RNA editingof
Alu-containing mRNAs in the human transcriptome. PLoS Biol. 2:¢391. doi:
10.1371/journal.pbio.0020391

Bao, L., Zhong, J., and Pang, L. (2019). Upregulation of circular RNA VPS13C-has-
circ-001567 promotes ovarian cancer cell proliferation and invasion. Cancer
Biother. Radiopharm. 34, 110-118. doi: 10.1089/cbr.2018.2641

Cai, H., Zhang, P., Xu, M., Yan, L., Liu, N., and Wu, X. (2018). Circular RNA
hsa_circ_0000263 participates in cervical cancer development by regulating
target gene of miR—150—5p. J. Cell. Physiol. 234, 11391-11400. doi: 10.1002/
jcp.27796

Capel, B., Swain, A., Nicolis, S., Hacker, A., Walter, M., Koopman, P., et al. (1993).
Circular transcripts of the testis-determining gene Sry in adult-mouse testis.
Cell 73, 1019-1030. doi: 10.1016/0092-8674(93)90279-Y

Chen, H., Mao, M., Jiang, J., Zhu, D., and Li, P. (2019). Circular RNA CDRlas
acts as a sponge of miR-135b-5p to suppress ovarian cancer progression. Onco
Targets Ther. 12, 3869-3879. doi: 10.2147/0tt.s207938

Chen, L.-L. (2016). The biogenesis and emerging roles of circular RNAs. Nat. Rev.
Mol. Cell Biol. 17, 205-211. doi: 10.1038/nrm.2015.32

Chen, M., Ai, G., Zhou, J., Mao, W., Li, H., and Guo, J. (2019). circMTO1
promotes tumorigenesis and chemoresistance of cervical cancer via regulating
miR-6893. Biomed. Pharmacother. 117:109064. doi: 10.1016/j.biopha.2019.10
9064

Chen, Q., Zhang, J., He, Y., and Wang, Y. (2018). hsa_circ_0061140 knockdown
reverses FOXM1-mediated cell growth and metastasis in ovarian cancer
through miR-370 sponge activity. Mol. Ther. Nucleic Acids 13, 55-63. doi:
10.1016/j.0mtn.2018.08.010

Chen, R. X,, Liu, H. L,, Yang, L. L., Kang, F. H., and Wang, Y. L. (2019). Circular
RNA circRNA_0000285 promotes cervical cancer development by regulating
fus. Eur. Rev. Med. Pharmacol. Sci. 23, 8771-8778. doi: 10.26355/eurrev_
201910_19271

Chen, Y., Ye, X,, Xia, X., and Lin, X. (2019). Circular RNA ABCB10 correlates with
advanced clinicopathological features and unfavorable survival, and promotes
cell proliferation while reduces cell apoptosis in epithelial ovarian cancer.
Cancer Biomark. 26, 151-161. doi: 10.3233/cbm-190064

Cohen, P. A, Jhingran, A., Oaknin, A., and Denny, L. (2019). Cervical cancer.
Lancet 393, 169-182. doi: 10.1016/s0140-6736(18)32470-x

Conn, S. J., Pillman, K. A., Toubia, J., Conn, V. M., Salmanidis, M., Phillips,
C. A, et al. (2015). The RNA binding protein quaking regulates formation of
circRNAs. Cell 160, 1125-1134. doi: 10.1016/j.cell.2015.02.014

Cui, C,, Yang, J., Li, X,, Liu, D., Fu, L., and Wang, X. (2020). Functions and
mechanisms of circular RNAs in cancer radiotherapy and chemotherapy
resistance. Mol. Cancer 19:58. doi: 10.1186/s12943-020-01180-y

manuscript. All authors read and approved the final manuscript
and contributed to the conception of this review.

ACKNOWLEDGMENTS

We used the Microsoft PowerPoint software (Microsoft
Corporation, Redmond, WA, United States) to produce
the figures.

Dai, J.-J., Tian, C., and Liang, L. (2018). Involvement of circular RNA
SMARCAS5/microRNA-620 axis in the regulation of cervical cancer cell
proliferation, invasion and migration. Eur. Rev. Med. Pharmacol. Sci. 22,
8589-8598. doi: 10.26355/eurrev_201812_16622

Dong, R., Ma, X.-K., Chen, L.-L,, and Yang, L. (2017). Increased complexity of
circRNA expression during species evolution. RNA Biol. 14, 1064-1074. doi:
10.1080/15476286.2016.1269999

Dong, Y., He, D., Peng, Z., Peng, W., Shi, W., Wang, J., et al. (2017). Circular
RNAsin cancer: an emerging key player. J. Hematol. Oncol. 10:2. doi: 10.1186/
$13045-016-0370-2

Du, W. W,, Fang, L., Yang, W., Wu, N., Awan, F. M,, Yang, Z., et al. (2016).
Induction of tumor apoptosis through a circular RNA enhancing Foxo3 activity.
Cell Death Differ. 24, 357-370. doi: 10.1038/cdd.2016.133

Dudekula, D. B., Panda, A. C., Grammatikakis, I., De, S., Abdelmohsen, K., and
Gorospe, M. (2016). CircInteractome: a web tool for exploring circular RNAs
and their interacting proteins and microRNAs. RNA Biol. 13, 34-42. doi:
10.1080/15476286.2015.1128065

Dun, S., and Gao, L. (2019). Tanshinone I attenuates proliferation and
chemoresistance of cervical cancer in a KRAS-dependent manner. J. Biochem.
Mol. Toxicol. 33:€22267. doi: 10.1002/jbt.22267

Ebbesen, K. K., Kjems, J., and Hansen, T. B. (2016). Circular RNAs: identification,
biogenesis and function. Biochim. Biophys. Acta 1859, 163-168. doi: 10.1016/j.
bbagrm.2015.07.007

Fan, C. M., Wang, J. P,, Tang, Y. Y., Zhao, J., He, S. Y., and Xiong, F. (2019).
circMAN1A2 could serve as a novel serum biomarker for malignant tumors.
Cancer Sci. 110, 2180-2188. doi: 10.1111/cas.14034

Gao, Y. L., Zhang, M. Y., Xu, B., Han, L. J,, and Lan, S. F. (2017). Circular RNA
expression profiles reveal that hsa_circ_0018289 is up-regulated in cervical
cancer and promotes the tumorigenesis. Oncotarget 8, 86625-86633. doi: 10.
18632/oncotarget.21257

Haddad, G., and Lorenzen, J. M. (2019). Biogenesis and function of circular RNAs
in health and in disease. Front. Pharmacol. 10:428. doi: 10.3389/fphar.2019.
00428

Hansen, T. B., Jensen, T. L, Clausen, B. H., Bramsen, J. B., Finsen, B., Damgaard,
C.K,, etal. (2013). Natural RNA circles function as efficient microRNA sponges.
Nature 495, 384-388. doi: 10.1038/nature11993

He, J., Lv, X, and Zeng, Z. (2020). A potential disease monitoring and
prognostic biomarker in cervical cancer patients: the clinical application
of circular RNA_0018289. J. Clin. Lab. Anal. 34:¢23340. doi: 10.1002/jcla.2
3340

Hong, H., Zhu, H., Zhao, S., Wang, K., Zhang, N., Tian, Y., et al. (2019). The
novel circCLK3/miR-320a/FoxM1 axis promotes cervical cancer progression.
Cell Death Dis. 10:950. doi: 10.1038/s41419-019-2183-z

Hsu, M. T., and Coca-Prados, M. (1979). Electron microscopic evidence for the
circular form of RNA in the cytoplasm of eukaryotic cells. Nature 280, 339-340.
doi: 10.1038/280339a0

Hu, C., Wang, Y., Li, A., Zhang, J., Xue, F., and Zhu, L. (2018). Overexpressed
circ_0067934 acts as an oncogene to facilitate cervical cancer progression via
the miR—545/EIF3C axis. J. Cell. Physiol. 234, 9225-9232. doi: 10.1002/jcp.2
7601

Hu, J., Wang, L., Chen, J., Gao, H., Zhao, W., Huang, Y., et al. (2018). The circular
RNA circ-ITCH suppresses ovarian carcinoma progression through targeting
miR-145/RASA1 signaling. Biochem. Biophys. Res. Commun. 505, 222-228. doi:
10.1016/j.bbrc.2018.09.060

Frontiers in Cell and Developmental Biology | www.frontiersin.org

July 2021 | Volume 9 | Article 709512


https://doi.org/10.1038/srep16435
https://doi.org/10.18632/oncotarget.8917
https://doi.org/10.18632/oncotarget.8917
https://doi.org/10.1016/j.molcel.2014.08.019
https://doi.org/10.1371/journal.pbio.0020391
https://doi.org/10.1371/journal.pbio.0020391
https://doi.org/10.1089/cbr.2018.2641
https://doi.org/10.1002/jcp.27796
https://doi.org/10.1002/jcp.27796
https://doi.org/10.1016/0092-8674(93)90279-Y
https://doi.org/10.2147/ott.s207938
https://doi.org/10.1038/nrm.2015.32
https://doi.org/10.1016/j.biopha.2019.109064
https://doi.org/10.1016/j.biopha.2019.109064
https://doi.org/10.1016/j.omtn.2018.08.010
https://doi.org/10.1016/j.omtn.2018.08.010
https://doi.org/10.26355/eurrev_201910_19271
https://doi.org/10.26355/eurrev_201910_19271
https://doi.org/10.3233/cbm-190064
https://doi.org/10.1016/s0140-6736(18)32470-x
https://doi.org/10.1016/j.cell.2015.02.014
https://doi.org/10.1186/s12943-020-01180-y
https://doi.org/10.26355/eurrev_201812_16622
https://doi.org/10.1080/15476286.2016.1269999
https://doi.org/10.1080/15476286.2016.1269999
https://doi.org/10.1186/s13045-016-0370-2
https://doi.org/10.1186/s13045-016-0370-2
https://doi.org/10.1038/cdd.2016.133
https://doi.org/10.1080/15476286.2015.1128065
https://doi.org/10.1080/15476286.2015.1128065
https://doi.org/10.1002/jbt.22267
https://doi.org/10.1016/j.bbagrm.2015.07.007
https://doi.org/10.1016/j.bbagrm.2015.07.007
https://doi.org/10.1111/cas.14034
https://doi.org/10.18632/oncotarget.21257
https://doi.org/10.18632/oncotarget.21257
https://doi.org/10.3389/fphar.2019.00428
https://doi.org/10.3389/fphar.2019.00428
https://doi.org/10.1038/nature11993
https://doi.org/10.1002/jcla.23340
https://doi.org/10.1002/jcla.23340
https://doi.org/10.1038/s41419-019-2183-z
https://doi.org/10.1038/280339a0
https://doi.org/10.1002/jcp.27601
https://doi.org/10.1002/jcp.27601
https://doi.org/10.1016/j.bbrc.2018.09.060
https://doi.org/10.1016/j.bbrc.2018.09.060
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Ma et al.

CircRNAs in Gynecological Cancers

Hu, Y., Zhu, Y., Zhang, W., Lang, J., and Ning, L. (2019). Utility of plasma
circBNC2 as a diagnostic biomarker in epithelial ovarian cancer. Onco Targets
Ther. 12, 9715-9723. doi: 10.2147/ott.s211413

Huang, A., Zheng, H., Wu, Z., Chen, M., and Huang, Y. (2020). Circular RNA-
protein interactions: functions, mechanisms, and identification. Theranostics
10, 3503-3517. doi: 10.7150/thno.42174

Huang, C., Liang, D., Tatomer, D. C., and Wilusz, J. E. (2018). A length-dependent
evolutionarily conserved pathway controls nuclear export of circular RNAs.
Genes Dev. 32, 639-644. doi: 10.1101/gad.314856.118

Huang, G., Zhu, H., Shi, Y., Wu, W,, Cai, H., and Chen, X. (2015). Cir-itch plays
an inhibitory role in colorectal cancer by regulating the wnt/B-catenin pathway.
Plos One 10:e0131225. doi: 10.1371/journal.pone.0131225

Jeck, W.R., Sorrentino, J. A., Wang, K., Slevin, M. K., Burd, C. E., and Liu, J. (2012).
Circular RNAs are abundant, conserved, and associated with ALU repeats. RNA
19, 141-157. doi: 10.1261/rna.035667.112

Ji, F,, Du, R,, Chen, T., Zhang, M., Zhu, Y., Luo, X,, et al. (2020). Circular RNA
circSLC26A4 accelerates cervical cancer progression via miR-1287-5p/HOXA7
axis. Mol. Ther. Nucleic Acids 19, 413-420. doi: 10.1016/j.omtn.2019.11.032

Ji, P., Wu, W,, Chen, S., Zheng, Y., Zhou, L., Zhang, J., et al. (2019). Expanded
expression landscape and prioritization of circular RNAs in mammals. Cell Rep.
26, 3444-3460.e5. doi: 10.1016/j.celrep.2019.02.078

Jiao, J., Zhang, T., Jiao, X., Huang, T., Zhao, L, Ma, D, et al. (2019).
hsa_circ_0000745 promotes cervical cancer by increasing cell proliferation,
migration, and invasion. J. Cell. Physiol. 235, 1287-1295. doi: 10.1002/jcp.29045

Kong, Z., Wan, X,, Lu, Y., Zhang, Y., Huang, Y., Xu, Y., et al. (2020). Circular
RNA circfoxo3 promotes prostate cancer progression through sponging
mir—29a—3p. J. Cell. Mol. Med. 24, 799-813. doi: 10.1111/jcmm.14791

Kristensen, L. S., Andersen, M. S., Stagsted, L. V. W., Ebbesen, K. K., Hansen, T. B.,
and Kjems, J. (2019). The biogenesis, biology and characterization of circular
RNAs. Nat. Rev. Genet. 20, 675-691. doi: 10.1038/s41576-019-0158-7

Kun-Peng, Z., Xiao-Long, M., and Chun-Lin, Z. (2018). Overexpressed circPVT1, a
potential new circular RNA biomarker, contributes to doxorubicin and cisplatin
resistance of osteosarcoma cells by regulating ABCBI. Int. J. Biol. Sci. 14,
321-330. doi: 10.7150/ijbs.24360

Legnini, I, Di Timoteo, G., Rossi, F., Morlando, M., Briganti, F., Sthandier, O., et al.
(2017). Circ-ZNF609 is a circular RNA that can be translated and functions in
myogenesis. Mol. Cell 66, 22-37.€9. doi: 10.1016/j.molcel.2017.02.017

Li, F, Zhang, L., Li, W., Deng, J., Zheng, J., An, M., et al. (2015). Circular rna
itch has inhibitory effect on escc by suppressing the wnt/B-catenin pathway.
Oncotarget 6,6001-6013. doi: 10.18632/oncotarget.3469

Li, P., Chen, S., Chen, H., Mo, X,, Li, T., Shao, Y., et al. (2015). Using circular RNA
as a novel type of biomarker in the screening of gastric cancer. Clin. Chim. Acta
444, 132-136. doi: 10.1016/j.cca.2015.02.018

Li, X, Lin, S., Mo, Z,, Jiang, J., Tang, H., Wu, C,, et al. (2020). CircRNA_100395
inhibits cell proliferation and metastasis in ovarian cancer via regulating miR-
1228/p53/epithelial-mesenchymal transition (EMT) axis. J. Cancer 11, 599-609.
doi: 10.7150/jca.35041

Li, X, Yang, L, and Chen, L.-L. (2018). The biogenesis, functions, and
challenges of circular RNAs. Mol. Cell 71, 428-442. doi: 10.1016/j.molcel.2018.
06.034

Liu, C,, Yao, M.-D,, Li, C.-P., Shan, K., Yang, H., and Wang, J.-J. (2017). Silencing
of circular RNA-ZNF609 ameliorates vascular endothelial dysfunction.
Theranostics 7, 2863-2877. doi: 10.7150/thno.19353

Liu, J., Wang, D., Long, Z., Liu, J, and Li, W. (2018). CircRNA8924
promotes cervical cancer cell proliferation, migration and invasion by
competitively binding to MiR-518d-5p /519-5p family and modulating the
expression of CBX8. Cell. Physiol. Biochem. 48, 173-184. doi: 10.1159/00049
1716

Liu, J., Yu, F., Wang, S., Zhao, X,, Jiang, F., Xie, J., et al. (2019). circGFRA1
promotes ovarian cancer progression by sponging miR-449a. J. Cancer 10,
3908-3913. doi: 10.7150/jca.31615

Liu, N., Zhang, J., Zhang, L. Y., and Wang, L. (2018). Circhipk3 is upregulated
and predicts a poor prognosis in epithelial ovarian cancer. Eur. Rev. Med.
Pharmacol. Sci. 22, 3713-3718. doi: 10.26355/eurrev_201806_15250

Liu, Y., Chang, Y., and Cai, Y. (2020a). Circ_0067835 sponges miR—324—5p to
induce HMGAL expression in endometrial carcinoma cells. J. Cell. Mol. Med.
24, 13927-13937. doi: 10.1111/jcmm.15996

Liu, Y., Chang, Y., and Cai, Y. (2020b). circTNFRSF21, a newly identified circular
RNA promotes endometrial carcinoma pathogenesis through regulating miR-
1227-MAPK13/ATF2 axis. Aging (Albany NY) 12, 6774-6792. doi: 10.18632/
aging.103037

Liu, Y., Chang, Y., and Cai, Y. (2020c). Hsa_circ_0061140 promotes endometrial
carcinoma progression via regulating miR-149-5p/STAT3. Gene 745:144625.
doi: 10.1016/j.gene.2020.14462

Liu, Y., Chen, S., Zong, Z. H., Guan, X,, and Zhao, Y. (2020d). CircRNA
WHSCI1 targets the miR—646/NPM1 pathway to promote the development of
endometrial cancer. J. Cell. Mol. Med. 24, 6898-6907. doi: 10.1111/jcmm.15
346

Mao, Y., Zhang, L., and Li, Y. (2019). circEIF4G2 modulates the malignant features
of cervical cancer via the miR-218/HOXA1 pathway. Mol. Med. Rep. 19,
3714-3722. doi: 10.3892/mmr.2019.10032

Memczak, S., Jens, M., Elefsinioti, A., Torti, F., Krueger, J., and Rybak, A. (2013).
Circular RNAs are a large class of animal RNAs with regulatory potency. Nature
495, 333-338. doi: 10.1038/nature11928

Meng, S., Zhou, H., Feng, Z., Xu, Z., Tang, Y., Li, P., et al. (2017). CircRNA:
functions and properties of a novel potential biomarker for cancer. Mol. Cancer
16:94. doi: 10.1186/s12943-017-0663-2

Nicolet, B. P., Engels, S., Aglialoro, F., van den Akker, E., von Lindern, M., and
Wolkers, M. C. (2018). Circular RNA expression in human hematopoietic
cells is widespread and cell-type specific. Nucleic Acids Res. 46, 8168-8180.
doi: 10.1093/nar/gky721

Ning, L., Long, B., Zhang, W., Yu, M., Wang, S., Cao, D., et al. (2018). Circular RNA
profling reveals circEXOC6B and circN4BP2L2 as novel prognostic biomarkers
in epithelial ovarian cancer. Int. J. Oncol. 53, 2637-2646.

Ou, R, Lv, J., Zhang, Q,, Lin, F.,, Zhu, L., Huang, F,, et al. (2020). circAMOTL1
motivates AMOTLI expression to facilitate cervical cancer growth. Mol. Ther.
Nucleic Acids 19, 50-60. doi: 10.1016/j.omtn

Pamudurti, N. R., Bartok, O., Jens, M., Ashwal-Fluss, R., Stottmeister, C., Ruhe,
L., et al. (2017). Translation of CircRNAs. Mol. Cell 66, 9-21.¢7. doi: 10.1016/j.
molcel.2017.02.021

Patop, I. L., and Kadener, S. (2018). circRNAs in cancer. Curr. Opin. Genet. Dev. 48,
121-127. doi: 10.1016/j.gde.2017.11.007

Patop, I. L., Wiist, S., and Kadener, S. (2019). Past, present, and future of circRNAs.
EMBO J. 38:¢100836. doi: 10.15252/embj.2018100836

Petkovic, S., and Miiller, S. (2015). RNA circularization strategies in vivo and
in vitro. Nucleic Acids Res. 43, 2454-2465. doi: 10.1093/nar/gkv045

Piwecka, M., Glazar, P., Hernandez-Miranda, L. R., Memczak, S., Wolf, S. A.,
Rybak-Wolf, A, et al. (2017). Loss of a mammalian circular RNA locus causes
miRNA deregulation and affffects brain function. Science 357:eaam8526. doi:
10.1126/science.aam8526

Salzman, J., Chen, R. E., Olsen, M. N., Wang, P. L., and Brown, P. O. (2013).
Cell-type specific features of circular RNA expression. PLoS Genet. 9:1003777.
doi: 10.1371/journal.pgen.1003777

Shen, Q., He, T., and Yuan, H. (2019). Hsa_circ_0002577 promotes endometrial
carcinoma progression via regulating miR-197/CTNNDI axis and activating
Wnt/B-catenin pathway. Cell Cycle 18, 1229-1240. doi: 10.1080/15384101.2019.
1617004

Shi, Y., He, R,, Yang, Y., He, Y., Shao, K., Zhan, L., et al. (2020a). Circular RNAs:
novel biomarkers for cervical, ovarian and endometrial cancer (Review). Oncol.
Rep. 44, 1787-1798. doi: 10.3892/0r.2020.7780

Shi, Y., Jia, L., and Wen, H. (2020b). Circ_0109046 promotes the progression of
endometrial cancer via regulating miR-136/HMGA?2 axis. Cancer Manag. Res.
12, 10993-11003. doi: 10.2147/cmar.s274856

Siegel, R. L., Miller, K. D., and Jemal, A. (2020). Cancer statistics, 2020. CA Cancer
J. Clin. 70, 7-30. doi: 10.3322/caac.21590

Smid, M., Wilting, S. M., Uhr, K., Rodriguez-Gonzalez, F. G., de Weerd, V., der
Smissen, W. J. C., et al. (2019). The circular RNome of primary breast cancer.
Genome Res. 29, 356-366.

Song, T., Xu, A., Zhang, Z., Gao, F., Zhao, L., Chen, X,, et al. (2019). CircRNA
hsa_circRNA_101996 increases cervical cancer proliferation and invasion
through activating TPX2 expression by restraining miR—8075. J. Cell. Physiol.
234, 14296-14305. doi: 10.1002/jcp.28128

Suzuki, H., and Tsukahara, T. (2014). A view of pre-mRNA splicing from RNase R
resistant RNAs. Int. J. Mol. Sci. 15, 9331-9342. doi: 10.3390/ijms15069331

Frontiers in Cell and Developmental Biology | www.frontiersin.org

July 2021 | Volume 9 | Article 709512


https://doi.org/10.2147/ott.s211413
https://doi.org/10.7150/thno.42174
https://doi.org/10.1101/gad.314856.118
https://doi.org/10.1371/journal.pone.0131225
https://doi.org/10.1261/rna.035667.112
https://doi.org/10.1016/j.omtn.2019.11.032
https://doi.org/10.1016/j.celrep.2019.02.078
https://doi.org/10.1002/jcp.29045
https://doi.org/10.1111/jcmm.14791
https://doi.org/10.1038/s41576-019-0158-7
https://doi.org/10.7150/ijbs.24360
https://doi.org/10.1016/j.molcel.2017.02.017
https://doi.org/10.18632/oncotarget.3469
https://doi.org/10.1016/j.cca.2015.02.018
https://doi.org/10.7150/jca.35041
https://doi.org/10.1016/j.molcel.2018.06.034
https://doi.org/10.1016/j.molcel.2018.06.034
https://doi.org/10.7150/thno.19353
https://doi.org/10.1159/000491716
https://doi.org/10.1159/000491716
https://doi.org/10.7150/jca.31615
https://doi.org/10.26355/eurrev_201806_15250
https://doi.org/10.1111/jcmm.15996
https://doi.org/10.18632/aging.103037
https://doi.org/10.18632/aging.103037
https://doi.org/10.1016/j.gene.2020.14462
https://doi.org/10.1111/jcmm.15346
https://doi.org/10.1111/jcmm.15346
https://doi.org/10.3892/mmr.2019.10032
https://doi.org/10.1038/nature11928
https://doi.org/10.1186/s12943-017-0663-2
https://doi.org/10.1093/nar/gky721
https://doi.org/10.1016/j.omtn
https://doi.org/10.1016/j.molcel.2017.02.021
https://doi.org/10.1016/j.molcel.2017.02.021
https://doi.org/10.1016/j.gde.2017.11.007
https://doi.org/10.15252/embj.2018100836
https://doi.org/10.1093/nar/gkv045
https://doi.org/10.1126/science.aam8526
https://doi.org/10.1126/science.aam8526
https://doi.org/10.1371/journal.pgen.1003777
https://doi.org/10.1080/15384101.2019.1617004
https://doi.org/10.1080/15384101.2019.1617004
https://doi.org/10.3892/or.2020.7780
https://doi.org/10.2147/cmar.s274856
https://doi.org/10.3322/caac.21590
https://doi.org/10.1002/jcp.28128
https://doi.org/10.3390/ijms15069331
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Ma et al.

CircRNAs in Gynecological Cancers

Tang, Q., Chen, Z., Zhao, L., and Xu, H. (2019). Circular RNA hsa_circ_0000515
acts as a miR-326 sponge to promote cervical cancer progression through up-
regulation of ELK1. Aging (Albany NY) 11, 9982-9999. doi: 10.18632/aging.
102356

Teng, F., Xu, ., Zhang, M., Liu, S., Gu, Y., Zhang, M., et al. (2019). Comprehensive
circular RNA expression profiles and the tumor-suppressive function of
circHIPK3 in ovarian cancer. Int. J. Biochem. Cell Biol. 112, 8-17. doi: 10.1016/
j.biocel.2019.04.011

Wan, L., Lin, Z., Fan, K., Cheng, Z. X., and Wang, J. J. (2016). Circular RNA-itch
suppresses lung cancer proliferation via inhibiting the wnt/B-catenin pathway.
Biomed. Res. Int. 2016:1579490. doi: 10.1155/2016/1579490

Wang, M., Yu, F, Wu, W,, Zhang, Y., Chang, W., Ponnusamy, M., et al.
(2017). Circular RNAs: a novel type of non-coding RNA and their potential
implications in antiviral immunity. Int. J. Biol. Sci. 13, 1497-1506. doi: 10.7150/
ijbs.22531

Wang, W., Wang, J., Zhang, X., and Liu, G. (2019). Serum circSETDBI is a
promising biomarker for predicting response to platinum-taxane-combined
chemotherapy and relapse in high-grade serous ovarian cancer. Onco Targets
Ther. 12, 7451-7457. doi: 10.2147/0tt.s220700

Wang, X., Zhang, Y., Huang, L., Zhang, J., Pan, F., Li, B., et al. (2015). Decreased
expression of hsa_circ_001988 in colorectal cancer and its clinical significances.
Int. J. Clin. Exp. Pathol. 8, 16020-16025.

Wright, N. T., Cannon, B. R., Zimmer, D. B., and Weber, D. J. (2009). S100A1:
structure, function, and therapeutic potential. Curr. Chem. Biol. 3, 138-145.
doi: 10.2174/2212796810903020138

Xie, R, Tang, J., Zhu, X,, and Jiang, H. (2019). Silencing of hsa_circ_0004771
inhibits proliferation and induces apoptosis in breast cancer through activation
of miR-653 by targeting ZEB2 signaling pathway. Biosci. Rep. 39:BSR20181919.
doi: 10.1042/bsr20181919

Xu, H., Gong, Z., Shen, Y., Fang, Y. and Zhong, S. (2018). Circular
RNA expression in extracellular vesicles isolated from serum of patients
with endometrial cancer. Epigenomics 10, 187-197. doi: 10.2217/epi-2017-
0109

Yang, L., Song, C., Chen, Y., Jing, G., and Sun, J. (2019). Circular rna circ_0103552
forecasts dismal prognosis and promotes breast cancer cell proliferation and
invasion by sponging mir—1236. J. Cell. Biochem. 120, 15553-15560. doi: 10.
1002/jcb.28822

Yang, X., Mei, J., Wang, H., Gu, D., Ding, J., and Liu, C. (2020). The emerging
roles of circular RNAs in ovarian cancer. Cancer Cell Int. 20:265. doi: 10.1186/
$12935-020-01367-9

Ye, F., Tang, Q. L., Ma, F,, Cai, L., Chen, M., and Ran, X. X. (2019). Analysis of the
circular RNA transcriptome in the grade 3 endometrial cancer. Cancer Manag.
Res. 11, 6215-6227. doi: 10.2147/cmar.s197343

Ye, L., Zhang, Q., Cheng, Y., Chen, X., Wang, G., Shi, M., et al. (2018). Tumor-
derived exosomal HMGBI fosters hepatocellular carcinoma immune evasion by
promoting TIM-1+ regulatory B cell expansion. J. Immunother. Cancer 6:145.
doi: 10.1186/s40425-018-0451-6

Zeng, Y., Du, W. W., Wu, Y,, Yang, Z., Awan, F. M, Li, X,, et al. (2017). A circular
RNA binds to and activates AKT phosphorylation and nuclear localization
reducing apoptosis and enhancing cardiac repair. Theranostics 7, 3842-3855.
doi: 10.7150/thno.19764

Zhang, J., Zhao, X., Zhang, J., Zheng, X., and Li, F. (2018). Circular RNA
hsa_circ_0023404 exerts an oncogenic role in cervical cancer through
regulating miR-136/TFCP2/YAP pathway. Biochem. Biophys. Res. Commun.
501, 428-433. doi: 10.1016/j.bbrc.2018.05.006

Zhang, L., Zhou, Q. Qiu, Q., Hou, L, Wu, M, Li, J, et al. (2019).
CircPLEKHM3 acts as a tumor suppressor through regulation of the miR-
9/BRCA1/DNAJB6/KLF4/AKT1 axis in ovarian cancer. Mol. Cancer 18:144.
doi: 10.1186/512943-019-1080-5

Zhang, N,, Jin, Y., Hu, Q,, Cheng, S., Wang, C., Yang, Z., et al. (2020). Circular
RNA hsa_circ_0078607 suppresses ovarian cancer progression by regulating
miR-518a-5p/Fas signaling pathway. J. Ovarian Res. 13:64. doi: 10.21203/rs.3.
rs-21388/v1

Zhang, P., Zuo, Z., Shang, W., Wu, A,, Bi, R,, and Wu, J. (2017). Identification of
differentially expressed circular RNAs in human colorectal cancer. Tumor Biol.
39:101042831769454. doi: 10.1177/1010428317694546

Zhang, X.-O., Wang, H.-B., Zhang, Y., Lu, X,, Chen, L.-L., and Yang, L. (2014).
Complementary sequence-mediated exon circularization. Cell 159, 134-147.
doi: 10.1016/j.cell.2014.09.001

Zhang, Y., Zhang, X.-O., Chen, T., Xiang, J.-F., Yin, Q.-F,, Xing, Y.-H., et al.
(2013). Circular intronic long noncoding RNAs. Mol. Cell 51, 792-806. doi:
10.1016/j.molcel.2013.08.017

Zhao, Z., Ji, M., Wang, Q., He, N., and Li, Y. (2019). Circular RNA Cdrlas
upregulates SCAI to suppress cisplatin resistance in ovarian cancer via miR-
1270 suppression. Mol. Ther. Nucleic Acids 18, 24-33. doi: 10.1016/j.omtn.2019.
07.012

Zheng, S. R., Zhang, H. R, Zhang, Z. F., Lai, S. Y., Huang, L. J, Liu, ],
et al. (2018). Human papillomavirus 16 E7 oncoprotein alters the expression
profiles of circular RNAs in Caski cells. Cancer 9, 3755-3764. doi: 10.7150/jca.2
4253

Zheng, X., Chen, L., Zhou, Y., Wang, Q., Zheng, Z., Xu, B, et al. (2019). A
novel protein encoded by a circular RNA circPPP1R12A promotes tumor
pathogenesis and metastasis of colon cancer via Hippo-YAP signaling. Mol.
Cancer 18:47. doi: 10.1186/s12943-019-1010-6

Zhou, Y., Zheng, X., Xu, B., Chen, L., Wang, Q., Deng, H., et al. (2019).
Circular RNA hsa_circ_0004015 regulates the proliferation, invasion, and TKI
drug resistance of non-small cell lung cancer by miR-1183/PDPKI1 signaling
pathway. Biochem. Biophys. Res. Commun. 508, 527-535. doi: 10.1016/j.bbrc.
2018.11.157

Zong, Z.-H., Du, Y.-P., Guan, X., Chen, S., and Zhao, Y. (2019). CircWHSC1
promotes ovarian cancer progression by regulating MUC1 and hTERT through
sponging miR-145 and miR-1182. J. Exp. Clin. Cancer Res. 38:437. doi: 10.1186/
$13046-019-1437-z

Zong, Z. H., Liu, Y., Chen, S., and Zhao, Y. (2020). Circ_PUM1 promotes
the development of endometrial cancer by targeting the miR—136/NOTCH3
pathway. J. Cell. Mol. Med. 24, 4127-4135. doi: 10.1111/jcmm.15069

Zou, T., Wang, P. L., Gao, Y., and Liang, W. T. (2018). Circular rna_larp4 is lower
expressed and serves as a potential biomarker of ovarian cancer prognosis. Eur.
Rev. Med. Pharmacol. Sci. 22, 7178-7182. doi: 10.26355/eurrev_201811_16250

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ma, Zheng, Gao, Zhang, Zhang and Xu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org 13

July 2021 | Volume 9 | Article 709512


https://doi.org/10.18632/aging.102356
https://doi.org/10.18632/aging.102356
https://doi.org/10.1016/j.biocel.2019.04.011
https://doi.org/10.1016/j.biocel.2019.04.011
https://doi.org/10.1155/2016/1579490
https://doi.org/10.7150/ijbs.22531
https://doi.org/10.7150/ijbs.22531
https://doi.org/10.2147/ott.s220700
https://doi.org/10.2174/2212796810903020138
https://doi.org/10.1042/bsr20181919
https://doi.org/10.2217/epi-2017-0109
https://doi.org/10.2217/epi-2017-0109
https://doi.org/10.1002/jcb.28822
https://doi.org/10.1002/jcb.28822
https://doi.org/10.1186/s12935-020-01367-9
https://doi.org/10.1186/s12935-020-01367-9
https://doi.org/10.2147/cmar.s197343
https://doi.org/10.1186/s40425-018-0451-6
https://doi.org/10.7150/thno.19764
https://doi.org/10.1016/j.bbrc.2018.05.006
https://doi.org/10.1186/s12943-019-1080-5
https://doi.org/10.21203/rs.3.rs-21388/v1
https://doi.org/10.21203/rs.3.rs-21388/v1
https://doi.org/10.1177/1010428317694546
https://doi.org/10.1016/j.cell.2014.09.001
https://doi.org/10.1016/j.molcel.2013.08.017
https://doi.org/10.1016/j.molcel.2013.08.017
https://doi.org/10.1016/j.omtn.2019.07.012
https://doi.org/10.1016/j.omtn.2019.07.012
https://doi.org/10.7150/jca.24253
https://doi.org/10.7150/jca.24253
https://doi.org/10.1186/s12943-019-1010-6
https://doi.org/10.1016/j.bbrc.2018.11.157
https://doi.org/10.1016/j.bbrc.2018.11.157
https://doi.org/10.1186/s13046-019-1437-z
https://doi.org/10.1186/s13046-019-1437-z
https://doi.org/10.1111/jcmm.15069
https://doi.org/10.26355/eurrev_201811_16250
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

	A Comprehensive Overview of circRNAs: Emerging Biomarkers and Potential Therapeutics in Gynecological Cancers
	Introduction
	The Characteristics of CircRna
	Biogenesis of CircRnas
	The Functions of CircRnas
	MicroRna (miRna) Sponging
	CircRnas Interact With and Bind to Proteins
	Regulation of Transcription and Alternative Splicing
	Translating Proteins or Peptide
	The Expression, and Related Mechanisms of CircRnas in Gynecological Cancers
	Expression of CircRNAs in Cervical Cancer
	CircRNAs Suppress Tumor Progression
	CircRNAs Promote Tumor Progression

	Circular Rnas and Ovarian Cancer
	Expression of CircRNAs in Ovarian Cancer
	CircRNAs Suppress Tumor Progression
	CircRNAs Promote Tumor Progression

	Circular Rnas and Endometrial Cancer
	Expression of CircRNAs in Endometrial Cancer
	CircRNAs Promote Tumor Progression

	The Biomarkers and Therapeutic Targets of CircRnas in Gynecological Cancers
	CircRNAs as Promising Biomarkers of Cervical Cancer Prognosis
	CircRNAs as Potential Therapeutic Targets in Cervical Cancer
	CircRNAs as Biomarkers of Ovarian Cancer Diagnostic and Prognostic
	CircRNAs as Novel Serum Biomarkers of Ovarian Cancer Diagnostic and Prognostic
	CircRNAs as Biomarkers of Ovarian Cancer Tissue Diagnostic and Prognostic

	CircRNAs in Ovarian Cancer Chemoresistance
	CircRNAs as Potential Biomarker in Endometrial Cancer

	Conclusion
	Author Contributions
	Acknowledgments
	References


