Am J Cancer Res 2019;9(4):630-643
www.ajcr.us /ISSN:2156-6976/ajcr0092809

Review Article
Circular RNAs: an emerging landscape
in tumor metastasis

Baile Shen'®, Zheng Wang?3, Zhuoya Li'*, Haojun Song?, Xiaoyun Ding®

1The Medical School of Ningbo University, Ningbo, Zhejiang, China; °The Medical School of Zhejiang University,
Hangzhou, Zhejiang, China; *The Gastroenterology Department of Ningbo First Hospital, Ningbo, Zhejiang, China

Received February 20, 2019; Accepted March 1, 2019; Epub April 1, 2019; Published April 15, 2019

Abstract: Circular RNAs (CircRNAs), the endogenous long noncoding RNAs, unlike linear RNAs, are structurally con-
tinuous, covalently closed loops without 5’ cap or 3’ polyadenylated tail. High-throughput RNA sequencing has
enabled the discovery of several endogenous circRNAs in different species and tissues. The circRNAs mainly act
as sponges to cytoplasmic microRNA, aid in protein translation, or interact with RNA-binding proteins to generate
RNA-protein complexes which control transcription. Recently, circRNAs have been reported to participate in can-
cer pathogenesis, particularly tumor metastasis in humans, mainly due to their frequent aberrant expression in
cancers. However, the detail molecular mechanism of circRNAs activity in tumor metastasis is still elusive. Some
specifically expressed circRNAs can potentially be used as biomarkers and therapeutic targets for tumor treatment.
Further understanding of the network interactions and regulation of circRNAs is paving the way for the identifica-
tion of better therapeutic strategies in tumor metastasis. In this mini review, we have summarized the current state
of research on functions and mechanisms of novel circRNAs that regulate tumorigenesis and have evaluated the
relationship between dysregulation of circRNAs and tumor metastasis.
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Introduction

A sub class of noncoding RNAs, the circular
RNAs (CircRNAs), form a continuous, covalently
closed loop linking the 3’ and 5’ ends generat-
ed by back-splicing [1]. CircRNAs were first dis-
covered in viruses in 1976 [2] and were subse-
quently observed through an electron micro-
scope in the monkey renal CV-1 cytoplasm [3].
However, circRNAs have remained an under-
studied and neglected junk-RNA until several
years ago. The high-throughput RNA sequenc-
ing technique and bioinformatic tools have pro-
vided several millions of short RNA sequences,
have enabled efficient measurement of cir-
cRNAs in various organisms [4]. These circRNAs
have been recognized as a newly appreciated
class of non-coding RNAs. In humans, the first
circRNAs were discovered by Cocquerelle et al.
in 1993 [5] localized in the cytoplasm. Due to
the closed structure, circRNAs have been
shown to be highly stable [6]. Because of the
stability and specificity of circRNAs [7], they

can act as highly accurate diagnostic biomark-
ers of human disease.

Cancer is an emerging public health problem
globally and remains a major economic and
social burden and a major cause of mortality
[8]. A2018 report states that worldwide, cancer
accounted for more than 18.1 million new
cases and 9.6 million deaths [9]. According to
the GLOBOCAN 2018 estimate, in near future,
almost one-half of cases and over one-half of
the cancer deaths will occur in Asia. Additionally,
tumor metastasis has a key part in the progres-
sion of cancer and has been striking the most in
emerging economies. Most patients with can-
cer die as a result of cancer spreading to other
organs. Accumulating evidence reveals that cir-
cRNAs, once thought to be a transcriptional
error, play a prominent role in the cancer metas-
tasis. While it is known the in the tissues from
patients with tumor metastasis, circRNAs are
highly differentially expressed, the research on
the related mechanisms is still in nascent
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Figure 1. Biosynthesis of circRNAs. Various mechanisms are involved for generating different circRNAs types. A.
Intron-pairing-driven circularization, involves the complementarity between the introns on either side of pre-mRNA.
B. Lariat-driven circularization, involves formation of exonic circRNAs or EIcCiRNAs that does/does not involve intron
removal with skipping of the exon along with RNA folding. C. Binding to the introns at specific sequences to influ-
ence circRNA biogenesis. D. CircRNA biogenesis involves the formation of lariat between conserved motifs at vari-
ous combinations located upstream/downstream of introns. E. Formation of circular RNA (triRNA) by splicing of the
pre-tRNA into two parts, with a 3’-5’ phosphodiester bond bound in one. F. Canonical pre-mRNA splicing and mRNA

biogenesis.

stage. In this review, we briefly summarize the
latest research on circRNAs, including its func-
tions and mechanism, with an emphasis on
their role in tumor metastasis.

Classification and biogenesis of circRNAs

To offer greater insight into the functions of cir-
cRNAs, comprehending their structural fea-
tures is essential. CircRNAs are generated by
splicing events (Figure 1) during the maturation
of the corresponding precursor mRNAs (pre-
MRNA) subject to transcription by RNA poly-
merase |l [10]. Based on the components from
parental genes, circRNAs can be divided into
three subclasses [11]: exonic circRNAs (ecir-
cRNAs), circular intronic RNAs (ciRNAs) and
exon-intron circRNAs (EICiRNAS).

EcircRNAs contain only back-spliced exon
sequences which remain predominantly in the
cytoplasm and function as miRNAs sponge or
RNA-binding protein sponge. Today, the term
‘circRNA’ is commonly applied to describe
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EcircRNAs, in which the downstream donor-
exons splice to upstream acceptor-exons [12].
There are three hypotheses that steer the pro-
cess of circularization during the formation of
circRNAs during back-splicing. The first mecha-
nism is that during the formation of ecircRNAs,
a partial transcription of the pre-mRNA occurs,
and the exon skips with the folding of the pre-
MRNA, thus forming a lariat structure in which
introns are contained along with the exons in
the same segment [12]. The intron sequence is
then removed to form ecircRNA followed by
internal splicing in the lariat structure. Barrett
et al. [13] found that through RNA-Seq and
gPCR, exon skipping may induce the production
of circRNAs. Another theory is that the ecir-
cRNAis formed due to the presence of a reverse
sequence on the introns on either side of the
pre-mRNA [14, 15]. These introns have comple-
mentarity to allow base pairing that mediates
the formation of ecircRNA. Later, Jeck et al. [6]
showed the presence of a tandem repeat of the
ALU sequence in the looped sequence, a phe-
nomenon which is consistent with the comple-
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Figure 2. Multiple functions of circRNAs. A. A section of circRNAs are vitally involved in protein-coding. Encoding of
proteins by circRNAs is also possible with an internal ribosome entry site (IRES). B. A majority of circRNAs function
as microRNA (miRNA) sponges that interact with miRNA-Ago2 complexes to cause inhibition of miRNA functions. C.
CircRNAs bind RBPs to form RNA-protein complexes to affect their functions and translocations. D. Transcriptional
regulation. ElcircRNA and ciRNA can cause induction of transcription of parental genes by binding transcription

complexes at the host promoters.

mentary pairing of the two introns. RBP pairing
of circRNA circularization has also been report-
ed [16]. Quaking (QKI) [17], Muscleblind (MBL)
[14] and adenosine deaminase that act on RNA
1 (ADAR1) [18] participate in regulating the syn-
thesis of circRNA. While QKI and MBL are capa-
ble of enhancing, ADAR1 suppresses the gen-
eration of ecircRNA and EICiRNA respectively.
Hence, subject to conditions, RBPs may func-
tion to activate or inhibit circRNA formation.
Although EcircRNAs are widely present in cells,
the mechanism of their formation is still in the
hypothetical stage, scientists need to further
study related regulation and processing meth-
ods in their formation. Nevertheless, ciRNAs
are diminutively formed by intron sequences
based on a consensus motif which are com-
posed of 11 nucleotide elements rich in C adja-
cent to the branchpoint site and a 7 nucleotide
GU-rich element close to the 5’ splice site [19].
EICiRNAs comprise both exon and intron se-
quences, and in some circumstances, interact
with U1 snRNP. Most ciRNAs and EIcCiRNAs
which act as alternative splicing and gene tran-
scription are located in the nucleus [20]. In
brief, the biogenesis of EICIRNAs is still unclear
on account of some specific component of
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introns that have been not spliced out. How
these factors control the EIciRNAs circulation
remains to be further investigated.

The biological functions of circRNAs

CircRNAs play a key role especially in regulatory
activities of human physiology and pathology.
Several biological functions of circRNAs have
been demonstrated, such as miRNA sponges
that affect downstream target genes of miR-
NAs and encoding proteins, regulate the tran-
scription of parental genes, modulate alterna-
tive splicing, interact with RBPs, and other un-
known functions (Figure 2). In this review, we
attempt to provide an overview of the molecu-
lar mechanisms of circRNAs in regulating vari-
ous processes of biology.

Competitive endogenous RNA or miRNA
sponge

While a small number of ciRNAs cyclized by
introns are predominantly localized in the
nucleus, most of them are based in the cytosol.
In tumor biology, the cirRNA functions like a
sponge to regulate downstream target genes
[21]. It has been found that most of ciRNAs
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carry at least one miRNA binding site. They can
sequester and functionally inactivate miRNA by
acting as a miRNA sponge, thereby regulating
the downstream target gene expression inhib-
ited by miRNA through the competitive endog-
enous RNAs (ceRNAs). The theory of competi-
tive endogenous RNAs was proposed by
Salmena et al. [22] in 2011. It was found that
long non-coding RNAs, pseudogene RNAs, and
circular RNAs contain a common site for bind-
ing to miRNAs. The competitive binding with
miRNAs by bait or sponge allows these differ-
ent types of RNA to form a network of mutual
regulation that is vital for the cell. The strongest
evidence for this ‘sponge’ activity came from
studies of the circRNA ciRS-7. CiRS-7, a highly
conserved, single-exon, also known as cerebel-
lar degeneration-related protein 1 antisense
transcript (CDR1as), which possesses more
than seventy selectively conserved binding
sites for miR-7. CiRS-7 can regulate miR-7 by
adsorption, thereby reducing the inhibitory ef-
fect of miR-7 on its targets [21]. Overexpression
of CiRS-7 can indirectly enhance the expres-
sion of epidermal growth factor receptor (EGFR)
which is a downstream target of miR-7, thereby
affecting cell growth, proliferation, differentia-
tion and signal transduction [23]. Similarly, cir-
cITCH, which spans several exons of the E3
ubiquitinated protein ligase, derived from the
parental gene ITCH, contains the binding site
for miR-7, miR-17 and miR-214 [24]. Thus, the
function of circRNAs as competitive endoge-
nous RNA or miRNA sponge has been con-
firmed, but its specific biological mechanism in
the development of tumors and its role in
improving the tumor molecular targeted thera-
py by intervening in its pathway need further
research.

Participation in protein translation

CircRNAs can function in encoding proteins.
Since the advent of circRNA research, they
have been considered as non-coding RNA, but
advances in the field of high throughput RNA
sequencing as well as computational tools,
have led some scholars to discover that cir-
cRNA contain open reading frames that can be
expressed as polypeptides or proteins [25].
CircRNAs that contain internal ribosome entry
sites (IRES) can cause ribosome recruitment as
well as translation initiation, while circRNAs
lacking IRES do not encode proteins [26]. Zhou
et al. [27] demonstrated for the first time that
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m6A modification is widespread in circRNAs.
The methyl group which is added to the sixth N
element of the A base of the RNA molecule
modifies the circRNA, which can perform pro-
tein translation. Concurrently, Legnini et al. [28]
hypothesized that circZNF609 may be involved
in the process of muscle maturation, directly as
a protein translation tool. Later, Yang et al. [29]
observed that circFBXW7 can translate a novel
protein that inhibits glioma, and is thus critical-
ly involved in comprehending circRNA functions
and glioma development.

Regulation of transcription and alternative
splicing

The expression of parental genes at the tran-
scriptional level is regulated by circRNAs. Al-
most all circRNAs distributed in the cytoplasm
are produced by exons. Intronic circRNAs (ciR-
NAs) originate from introns and cannot serve as
sponges for miRNA on account of the presence
of very few binding sites. Yet, maternal gene
expression is augmented by ciRNAs through
regulation of RNA polymerase Il (RNA Pol 1)
[30]. Exon-intron circRNAs (EIciRNAs), as the
name suggests involves both exons and introns,
form a complex of EICIRNA-UL1 snRNP via RNA-
RNA binding to U1 small nuclear RNA (snRNA).
This can regulate RNA pol Il to boost parental
gene expression [20]. An interaction between
the RNA pol Il complex and Ci-ankrd52 (origi-
nates from the second intron of the ankyrin
repeat domain 52, ankrd52) enhances paren-
tal gene expression [31]. It is speculated that
EcircRNA can modulate the cytoplasm, while
EICIRNA and ciRNA may be involved in the re-
gulation of parental genes in the nucleus.
Furthermore, the cleavage efficiency of certain
genes is inversely related to the levels of cir-
cRNA, suggesting that back spliced circRNAs
can competitively regulate alternative splicing.
The circMBL is produced by the second exon of
the cleavage factor MBL, and that there are
many MBL protein binding sites on the flanking
intron, which can specifically bind to MBL pro-
tein [17]. The complex promotes the production
of circMBL, thereby competitively inhibiting
classical splicing.

Interaction with RBPs

RNA-binding proteins (RBPs) are capable of
binding to circRNA [32]. Transcription of paren-
tal genes is augmented by RNA pol II-U1 snRNP
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complex binding which is facilitated by intron-
exon interaction of circular RNA circEIF3J with
U1 RNA[20]. The progression of the cell cycle is
blocked by a complex of circ-Foxo3, kinase
inhibitor protein (p21) and cell division protein
kinase 2 (CDK2) to inhibit the latter [33]. AGO
(miRNA effector) is ultimately degraded be-
fore its translation is inhibited or subjected to
cleavage by binding to CDR1as [34]. The circ-
Dnmtl can promote the nuclear translation of
P53 and AUF1 by interacting with them, result-
ing in cellular autophagy or reduction of target
mRNA instability [35]. circMBL or circular form
of the RNA splicing factor MBL is formed by
binding to the exon 2 of its parental gene. This
form lowers the overall levels of MBL and also
the circular form, by binding to the factor [17].
Thus, the interactions between circRNAs and
RBPs may link circRNAs to diverse biological
processes.

Role in tumor metastasis

CircRNAs are involved in the regulation of tu-
mor metastasis. The deregulation of circRNAs
influences cell proliferation, epithelial-mesen-
chymal transition, apoptosis, angiogenesis, cell
cycle, and thus, have the potential to serve
as tumor-targeted sites for therapy against tu-
mor metastasis. In this section, we will empha-
size the function of various aberrantly expr-
essed circRNAs in the development of tumor
metastasis (Table 1).

CircRNA and hepatocarcinoma

Among the ubiquitous and aggressive cancers
across the globe, hepatocarcinoma [36] has a
current rate of 10% patient survival over five
years [37]. As the diagnosis in most of the
cases was done when the cancer had metasta-
sized, at advanced stages, there is an urgency
to scour for newer markers to facilitate diagno-
sis at an earlier stage. Zhu et al. [38] showed
that circ_0067934 promotes the invasion and
metastasis of hepatocarcinoma cells by the
miR-1324-inhibition and concomitant FZD5/
Wnt/B-catenin signaling pathway activation.
Likewise, Zhong et al. [39] also discovered that
circC3P1 could promote PCK1 expression
through sponging miR-4641 to dramatically
inhibit the invasion and metastasis of hepato-
carcinoma cells. Yu et al. [40] observed that
there is an up-regulation of circCdrlas expres-
sion and down-regulation of miR-7 expression
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in hepatocarcinoma tissues in comparison to
healthy neighboring tissues. In their study,
circCdrlas-knockdown caused an augmenta-
tion of miR-7 that inhibited the ability of these
cells to invade and metastasize. Hence, there
is a negative association between the amounts
of this circRNA and miR-7 in hepatocarcinoma
tissues.

CircRNA and lung cancer

Globally lung cancer ranks first and second in
cancer-related mortality of men and women,
respectively. In his study, Zhong et al. [41]
reported a significant upregulation of circ_
102231 expression in lung cancer tissues,
which associated with the advanced TNM
stage, lymph node metastasis, and poor overall
survival of lung cancer patients. Later, Yao et
al. [42] revealed that the metastasis to lymph
nodes as well as the non-small cell lung cancer
stage is closely associated with an upregula-
tion of circ_100876. Likewise, Luo et al. [43]
showed a striking increase in circ_0000064 in
lung cancer tissues that is associated with the
TNM stage and metastasis to lymph nodes to
hence may serve as a potential biomarker.

CircRNA and gastric cancer

Gastric cancer ranks second in mortality, often
with low survival rate, low cure rate, high re-
currence rate, and poor prognosis. Zhao et al.
[44] found a negative association between
E-cadherin and insulin-like growth factor 1
receptor (IGF1R). However, miR-7 could inhibit
IGF1R and increased E-cadherin levels to par-
tially reverse epithelial-mesenchymal transi-
tion, thereby inhibiting the ability of the cells to
invade and metastasize. In summary, miR-7
causes inhibition in the ability of these cancer
cells to divide, migrate and invade and pro-
motes apoptosis of gastric cancer cells, while
circR-7 acts as a miR-7 “sponge”, which targets
to miR-7 and inhibits its biological function.
Rong et al. [81] showed circPSMC3 could sup-
press the proliferation and metastasis of gas-
tric cancer by sponging miR-296-5p to regulate
Phosphatase and Tensin Homolog (PTEN). In
this study, they found reduced circPSMC3
expression in gastric cancer and correlated
with higher Tumor Node Metastasis (TNM)
stage and shorter overall survival. They also
demonstrated by measuring the number of
lung metastasis, that overexpression of cir-
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Table 1. CircRNAs involved in tumor metastasis: signaling pathway and function

) Expression _. . . . .
CircRNA Cancer types . P Signaling pathway Function/clinical association Ref.
in tumors
circ_0067934 Hepatocarcinoma High circ_0067934/miR-1324/FZD5/Wnt/B-  Associates with the ability of these cells to divide, migrate and invade to function as a new target in [38]
catenin therapy of HCC
circC3P1 Hepatocarcinoma Low circC3P1/miR-4641/PCK1 Inhibits the ability of these cells to divide, migrate and invade [39]
circCdrlas Hepatocarcinoma High circCdrlas/ miR-7/CCNE1/PIK3CD Suppress the HCC cell proliferation and invasion [40]
circ_102231 Lung cancer High Not mentioned Linked to poor overall survival, as well as the advanced TNM stage and metastasis to the lymph node [41]
circ_100876 Lung cancer High Not mentioned Associated with the stage of tumor as well as metastasis to the lymph node [42]
circPSMC3 Gastric cancer Low CircPSMC3/miR-296-5p /PTEN Suppress the proliferation and metastasis by sponging miR-296-5p with PTEN [81]
circACAP2 Colorectal cancer High circACAP2/miR-21-5p/Tiam1 Vitally involved in progression of the tumor: Affects the ability of these cells to divide, migrate and [46]
invade
¢circCCDC66 Colorectal cancer High Not mentioned Promote tumor growth and metastasis [47]
circ_001569 Colorectal cancer High circ_001569/miR-7/E2F5,BAG4,FMNL2  Positively regulates ability of tumor to divide and invade [48]
circ_100876  Esophageal carcinoma High Not mentioned Contribute to proliferation and metastasis of esophageal squamous cell carcinoma [49]
circ_0067934 Esophageal carcinoma High Not mentioned Promote the motility and migration and affect cell cycle status [50]
circ_0006528 Breast cancer High circ_0006528/miR-7-5p/Raf1/MEK/ERK Promote breast cancer growth, invasion and migration [51]
circ_0137287 Thyroid carcinoma Low Not mentioned Likely role in diagnosis of malignancy, metastasis to the lymph node and extrathyroidal extension [52]
circ_0016347 Osteosarcoma High Not mentioned The ability of these cells to invade and metastasize was promoted [53]
circNT5C2 Osteosarcoma High circNT5C2/miR-448 Act as an oncogene in the ability of these cells to divide and metastasize [54]
Table 2. CircRNA related mechanisms in tumor metastasis
CircRNA Cancer types Regulation Signaling pathway Mechanisms Function/clinical association Ref.
circPRMT5 Urothelial carcinoma of Up circPRMT5/miR-30c EMT Promoting UCB cell's EMT and aggressiveness; Serve as an [59]
the Bladder exploitable therapeutic target
circMTO1 Bladder cancer Down circMTO1/miR-221 EMT Negatively regulate the E-cadherin/N-cadherin; Inhibits EMT as [60]
well as metastasis
circ_0023642 Gastric cancer Up Not mentioned EMT Promote the EMT signaling pathway; Serve as a metastasis [61]
activator and molecular therapeutic target
circSMAD2 Hepatocellular carcinoma Down circSMAD2/miR-629 EMT Impedes ability of HCC cells to migrate and invade as well as EMT [62]
circAMOTL1L Prostate cancer Down P53/RBM25/circAMOTL1L/ EMT Suppress ability of cells to migrate and invade via lowering of [63]
miR193a-5p/Pcdha E-cadherin and increasing vimentin
circANKS 1B Breast cancer. Up circANKS1B/ miR-148a/152-3p/ EMT Invasion and metastasis are promoted by EMT via TGF-B1 induc-  [64]
USF1 tion: however, nothing is observed for growth of breast cancer
circ_0061140 Ovarian Cancer Up circ_0061140/miR-370/FOXM1 EMT Competes with endogenous RNA of miR-370 which allows for [65]
growth of cells and metastasis
circMYLK Bladder cancer Up circMYLK/miR-29a/VEGFA/ EMT Contribute to EMT and the development of bladder cancer via [66]
VEGFR2 activating VEGFA/VEGFR2
circFECR1 Breast cancers Up circFECR1/DNMT1/TET1 DNA demethylation Interact with the FLI1 promoter; regulate metastasis by coordinat- [72]
ing DNA methylation and demethylation
circlARS Pancreatic cancer Up circlARS/miR-122/70-1 Mediated by exosome Regulates the permeability of endothelial monolayer to augment  [79]
the invasion and metastasis
circ-DB Hepatocellular carcinoma Up circ-DB/ miR-34a/ USP7/Cyclin A2 Mediated by adipose-derived exosome Promote the tumorigenesis of HCC [80]
635 Am J Cancer Res 2019;9(4):630-643
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cPSMC3 could inhibit the metastasis of gastric
cancer in mice model.

CircRNA and colorectal cancer

Close to 10% of all cancers are colorectal can-
cer cases that makes it among the ubiquitous
tumors associated with high mortality [45]. The
main reason for the low survival rate of colorec-
tal cancer is the lack of effective tools for early
diagnosis, a high risk of invasion and metasta-
sis. He et al. [46] demonstrated that the up-
regulation of circACAP2 could inhibit the expres-
sion of miR-21-5p, which further promote the
transcription and translation of T lymphoma
invasion and metastasis protein 1 (Tiaml).
Hsiao et al. [47] found that circCCDC66-knock-
down repressed the growth and metastasis of
a tumor in mouse models which are indicative
of a new aspect of circRNA in oncogenesis in
terms of growth and metastasis. Circ_001569
is up-regulated in colorectal cancer, which pro-
motes proliferation, invasion, and metastasis
of cancer cells [48]. The up-regulation of circ_
001569 directly inhibits miR-145 and indirectly
regulates the functions of E2F5, BAG4 and
FMNL2 which have been reported with the
aggressiveness of several cancers. E2F5, BA-
G4 or FMNL2 expression was up-regulated in
CRC tissues in the study [48].

CircRNA and esophageal carcinoma

Esophageal carcinoma is a deadly disease,
ranking the sixth among all cancers leading to
mortality. Despite advances in diagnosis and
therapy, esophageal cancer still has a poor
prognosis. Cao et al. [49] showed that up-regu-
lation of circ_100876 expression leads to
accelerating cell proliferation and metastasis
by epithelial-mesenchymal transition progres-
sion in esophageal squamous cell carcinoma.
Xia et al. [50] showed that circ_0067934 was
significantly up-regulated in esophageal carci-
noma tissues, and siRNA-mediated in vitro
silencing of circ_0067934 confirmed that
circ_0067934 could promote the proliferation
and metastasis of esophageal cancer cells and
affect its cell cycle progression.

CircRNA and breast cancer

Gao et al. [51] reported an increase in the
expression of circ_0006528 in breast cancer
patients (N = 97) in comparison to the neigh-
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boring healthy tissues. This increase showed a
significant association with a poor prognosis as
well as the stage of advanced tumor-node-
metastasis (TNM). The involvement of the
circ_0006528/miR-7-5p/Rafl to activate the
MAPK/ERK circuit was shown, that enhances
the ability of these cells to divide, invade and
migrate.

CircRNA and thyroid carcinoma

The past years have seen a nearly exponential
rise in the cases of thyroid cancer. The unfavor-
able prognosis of thyroid carcinoma is signifi-
cantly associated with several manifestations
like distant metastases, lymph node, and ad-
vanced TNM stage. Lin et al. [52] were first to
report the use of receiver operating character-
istic curves to show that circ_0137287 has a
likely role in the diagnosis of malignancy,
metastasis to the lymph node and extrathyroi-
dal extension.

CircRNA and osteosarcoma

Jin et al. [53] discovered that osteosarcoma
metastasis involves circ_0016347 activity.
Circ-0016347 acts as a natural miR-214
sponge that upregulates the amount of cas-
pase-1 (its target later in the pathway) in these
cells, and its knockdown causes a weakening
of the property to metastasize. Liu et al. [54]
validated an upregulation of circNT5C2 in 52
pairs of osteosarcoma tissue and cell lines.
Thus, circNT5C2 was shown as a potential and
new target for therapeutic intervention in this
cancer through sponging miR-448 to suppress
tumor proliferation and invasion.

Multiple mechanisms of circRNAS

Studies have hypothesized, with emerging evi-
dence that there are three routes involved in
the metastasis of cancer, including regulation
of epithelial-mesenchymal transition, coordina-
tion of DNA methylation and demethylation and
mediation by exosomes (Table 2, Figure 3).

Control of EMT

Epithelial-mesenchymal transition (EMT) invo-
Ives the loss of intercellular adhesion and polar-
ity that exacerbates the process of invasion
and metastasis of many cell types [55]. EMT
facilitates tissue remodeling and is rendered as
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Figure 3. Mechanism of circRNAs activity in tumor metastasis. A. CircRNAs function as miRNA sponges to promote
the EMT signaling pathway via lowering of E-cadherin and increasing N-cadherin and vimentin. B. CircRNAs could
recruit demethylase and induce DNA demethylation in the CpG islands to promote tumor cell metastasis. C. The
presence of circRNAs in exosomes might promote tumor metastasis by promoting cancer cell’'s EMT.

a prerequisite in tumor metastasis and infiltra-
tion [56]. It has recently been proposed that
there are distinct and intermediate states in
this pathway rather than being a binary pro-
cess, from primordially epithelial to completely
mesenchymal states, involving several hybrid
or transitional states [57]. The different sub-
populations of EMT are associated with plastic-
ity of cells, the ability to invade and metasta-
size. Several factors are involved in the regula-
tion of EMT such as vimentin, with an important
role, E-cadherin, N-cadherin and non-coding
RNAs [58].

CircRNAs potentially contribute to tumor me-
tastasis by activating the EMT pathway. Chen et
al. [59] found through a circRNA microarray
that circ PRMT5 was overexpressed in urotheli-
al carcinoma of the bladder (UCB) in compari-
son to surrounding healthy normal tissue. cir-
cPRMT5-knockdown of in a UCB model showed
an increase in E-cadherin which acts as the epi-
thelial marker, whereas N-cadherin and vimen-
tin were lowered, which act as the mesenchy-
mal markers in Western blot analysis. They fur-
ther identified that circPRMT5 could enhance
UCB cell's EMT by sponging miR-30c which sig-
nificantly correlated with tumor metastasis.
Instead, Li et al. [60] revealed that EMT regu-
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lated negatively by circMTO1, which competed
with miR-221 and metastasis in bladder cancer
cells. Zhou et al. [61] showed that circRNA_
0023642 could regulate the EMT signaling
pathway to promote the ability of gastric can-
cer to proliferate, migrate and invade. Simi-
larly, the expression of vimentin snail and
N-cadherin increased, whereas that of E-cad-
herin decreased. Zhang et al. [62] reported of
miR-29 being targeted by circSMAD2 in he-
patocellular carcinoma cells that inhibited EMT
as well as the ability of these cells to migrate.
Furthermore, they also confirmed that these
inhibitory effects of circSMAD2 could be
reversed through cotransfection of miR-629
mimics.

Yang et al. [63] showed that circAMOTL1L regu-
lated metastatic progression of prostate can-
cer by modulating the expression level of vi-
mentin snail, N-cadherin, and E-cadherin via
the circAMOTL1L-miR-193a-5p-Pcdha pathway.
Targeting this novel regulatory axis can yield a
putative strategy in the therapy of aggressive
prostate cancer. Furthermore, Zeng et al. [64]
discovered that circANKS1B, traced back to
exons 5 to 8 of ANKS1B, inducing EMT by acti-
vating the TGF-B1 signaling pathway, thereby
promoting the invasion and metastasis of
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breast cancer and providing a new strategy
for the treatment of breast cancer metastasis.
Chen et al. [65] confirmed that circ_0061140
functioned as a ceRNA of miR-370 which boost-
ed ovarian cancer metastasis. These findings
have been linked to circ_0061140-miR-370-
FOXM1 regulatory axis along with to EMT in the
metastasis of this cancer. Zhong et al. [66]
showed that an upregulated circMYLK in blad-
der cancer can induce EMT and activate
VEGFA/VEGFR2 signaling pathway that pro-
motes the metastasis and angiogenesis of
bladder cancer. They also showed that circ-
MYLK knockdown induced apoptosis and de-
creased cell proliferation. These findings sug-
gest that circRNA-miRNA-target genes signal
axis might be a potential molecular target for
the treatment of tumor metastasis.

Coordinating DNA methylation and demethyl-
ation

The critical role of DNA methylation in control-
ling the structure of chromosomes and regulat-
ing expression of genes has been established
[67]. This process involves the catalysis by
enzyme DNA methyltransferase (DNMT) that
adds a methyl group to cytosine-phosphate-
guanine (CpG) and non-CpG dinucleotide sites
[68]. Over the last decade, it has been further
confirmed that aberrant DNA methylation
closely participates in the tumorigenesis via
covalent modification of the genetic code [69].
All the steps of tumor formation involve altera-
tions across the genome as well as methylation
at distinct locations [70]. There is hardly any
report that highlights the probability of methyla-
tion in loci that are responsible for circRNAs
origin, until several months ago. Then, Ferreira
et al. [71] found that there is silencing of cir-
cRNA in human cancer due to excessive meth-
ylation at CpG islands of their promoters; this
point out at the involvement of loss of circRNA
due to methylation. Meanwhile, Chen et al. [72]
demonstrated on that FECR1 circRNA, is com-
posed of Friend leukemia virus integration 1
(FLI1) exons, belongs to the family of ETS tran-
scription factors and enhances breast cancer
metastasis through DNA methylating and
demethylating enzymes.

The role of exosomes

Exosomes are a type of nano-vesicles of
50-140 nm in size, evolved by multivesicular
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endosomes (MVEs) [73]. They are involved in
intercellular communication through transport-
ing abundant bioactive substances, including
microRNAs, LncRNAs, mRNA and protein pro-
tected by a lipid bilayer [74, 75]. Therefore,
there is a close association between exosom-
es and immunity, tumor metastasis, chemo-
therapy resistance and angiogenesis of tumors
through different molecular mechanisms. Ha-
kulinen et al. [76] have confirmed that Mem-
brane type 1 matrix metalloproteinase (MT1-
MMP) released by exosomes of melanoma and
fibrosarcoma can degrade collagen and pro-
mote cancer invasion and metastasis. More-
over, exosomes derived from highly invasive
Hs578Ts(i) triple-negative breast cancer cells
(TNBT) can significantly increase the prolifera-
tion, migration and invasion capacity of all
recipient cell lines [77]. Recent studies have
shown that circRNAs are stable in exosomes
[78]. Whether these exosome-delivered cir-
cRNAs associate with tumor metastasis by exo-
somes was unclear for the past few years. Li et
al. [79] revealed that circular RNA_IARS locat-
ed in exosomes of pancreatic cancer cells is
able to promote tumor metastasis by regulating
endothelial monolayer permeability. The exp-
ression levels of circular RNA_IARS in plasma
exosomes of 85 pancreatic ductal adenocarci-
noma (PDAC) was up-regulated which correlat-
ed with the tumor-node-metastasis stage, as
well as postoperative survival time. Zhang et al.
[80] also reported that deubiquitination of
hepatocellular carcinoma (HCC) could be regu-
lated by adipocytes that synthesize exosome
circRNA_DB and promote cell proliferation and
tumor metastasis by suppressing miR-34a,
leading to the activation of the USP7/Cyclin A2
signaling pathway. This finding provided an
insight into a comprehensive understanding of
the association between exosome circRNA
and tumor metastasis. Therefore, exosomal cir-
cRNA is highly anticipated as future therapeutic
targets for tumor metastasis for clinical
applications.

Conclusion and future perspectives

In the past decade, circRNAs were regarded
as non-functional. Advances in the realms of
genomics, especially in high-throughput RNA
sequencing, have proved that circRNAs actas a
“sponge” for miRNAs. Due to the special loop
structure, circRNAs are highly stable and widely
distributed in various tissues and organs. The
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expression of circRNAs is spatially and tempo-
rally different, which can regulate the prolifera-
tion and metastasis of cancer cells. Therefore,
circRNAs are expected to be used as biomark-
ers for early diagnosis of tumors. CircRNAs act
as a stable and efficient miRNA inhibitors,
mMiRNA sponge, and may become a novel meth-
od to replace gene knockout, which can simul-
taneously inhibit the expression of other paral-
ogous miRNAs.

Tumor metastasis is a crucial factor which
accounts for high mortality of patients with
cancer. The main therapeutic purpose for can-
cer patients is to block tumor metastasis and
enhance the survival rate. At present, the clini-
cal judgment of whether tumor metastasis has
occurred is mainly confirmed by imaging tests
and pathological biopsy, which are not robust
enough, leading to a poor understanding of
tumor metastasis mechanism. The tumor envi-
ronment, including the cell status, blood sup-
plement, cell-extracellular matrix are altered
before the tumor cells reach the metastatic
site, thereby adapting to the malignant clonal
proliferation of the metastatic cell. Additionally,
the genetic instability is thought to be the driv-
ing force for tumor metastasis. Although it is
still a hypothesis, most experts agree with this
statement. Concurrently, the current interpreta-
tion of the mechanism of tumor metastasis is
not comprehensive and needs to be explored
from a new perspective.

Recent research has shown that there is a cir-
cRNA network that functions as a regulator of
tumor metastasis. This review is a summary of
circRNAs implicated in modulating the meta-
static potential of tumor and seeks to illumi-
nate the mechanisms, including control of epi-
thelial-mesenchymal transition, regulation of
DNA methylation mediated by exosomes. Me-
anwhile, the involvement of circRNAs in the
metastasis of common malignancies are also
briefly discussed to facilitate the study in
tumorigenesis.

To summarize, circRNAs are closely associated
with tumor metastasis. Continued research on
the role of circRNAs in tumor metastasis will
have a deeper understanding of the transfer
mechanism of the cells. CircRNAs can be used
as independent prognostic factors and are
expected to develop into a diagnostic factor for
tumor metastasis. Further evaluation of the

639

role of circRNAs metastasis will lay the founda-
tion for the final identification of the tumor
metastasis mechanism.
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