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Abstract. Circular RNAs (circRNAs) are a class of non‑coding 
RNAs that are generated via alternative back‑splicing, which 
connects the terminal 5' and 3'ends. Due to their unique 
loop structure, circRNAs are resistant to ribonucleases 
and more stable than linear RNAs. In vivo, they are usually 
highly conserved and stably expressed in tissue/develop-
mental‑stage‑specific manners. Generally, circRNAs function 
as microRNA sponges and splicing regulators, as well as in 
protein binding and transcription. Some circRNAs contain 
open reading frames with internal ribosomal entry site 
elements and can thus encode specific proteins. Previously, 
circRNAs were thought to be erroneous splicing products 
or by‑products of mRNA splicing. With the development of 
the next‑generation sequencing techniques, it has become 
increasingly clear that circRNAs are abundantly widespread 
in eukaryotes and that they play significant roles in malignant 
tumor progression. The present review briefly introduces the 
biogenesis and functions of circRNAs, as well as summarizes 
recent research in several common malignancies. The present 
review also addresses the prospects of circRNAs in clinical 
applications.
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1. Background

Non‑coding RNAs (ncRNAs) are a large group of RNA families 
that are derived from different genomes but are not translated 
into proteins (1). Based on their length, they are divided into 
two categories: Long ncRNAs, which contain >200 nucleotides, 
and short ncRNAs, which contain <200 nucleotides; the latter 
group consists mainly of piwi‑interacting RNAs, microRNAs 
(miRNAs/miRs) and small nucleolar RNAs (2). Accumulating 
evidence indicated that ncRNAs play crucial roles in a wide 
variety of vital biological processes, including tumorigenesis, 
neurological functions, cardiovascular functions and devel-
opment  (3). As a new species of ncRNAs, circular RNAs 
(circRNAs) are stable, abundant and highly conserved RNA 
molecules in mammalian cells  (4). As previously reported, 
linear mRNAs are usually more highly expressed in most 
tissues than circRNAs, while circRNAs are more abundant in 
brain tissue than linear mRNAs (5). Compared with the expres-
sion levels of corresponding linear mRNAs, the expression 
levels of circRNAs may be up to ten times higher (4). Although 
circRNAs were first identified in early 1976 (6), they were 
initially thought to be errors of the splicing process or by‑prod-
ucts of mRNA splicing (7). In 2012, Salzman et al (8) first 
reported that numerous human genes could express circRNAs 
based on the results of high‑throughput sequencing (RNA‑seq) 
analysis (4,7). Later, Jeck et al (4) detected >25,000 distinct 
circRNAs in human fibroblasts by performing RNA‑seq 
experiments with libraries prepared from ribosome‑depleted 
RNA (4). In the same year, Memczak et al (7) developed and 
published a new computational pipeline that can find circRNAs 
in any genomic region, and they subsequently identified 
~2,000 human, 700 nematode and 1,900 mouse circRNAs. 

Circular RNAs: A novel target among non‑coding RNAs 
with potential roles in malignant tumors (Review)

WEISONG ZHAO1*,  MAN DONG2*,  JINRU PAN1,  YAJIE WANG1,  
JINGYI ZHOU1,  JIANJUN MA1  and  SHAOYANG LIU3

1Human Anatomy Laboratory, School of Basic Medicine, Xinxiang Medical University; 
2Department of Medicine, The Third Affiliated Hospital of Xinxiang Medical University, Xinxiang, Henan 453003; 

3Department of Orthopedics, Shanghai Putuo District Central Hospital, Shanghai 200062, P.R. China

Received January 2, 2019;  Accepted June 24, 2019

DOI:  10.3892/mmr.2019.10637

Correspondence to: Mr. Jianjun Ma, Human Anatomy Laboratory, 
School of Basic Medicine, Xinxiang Medical University, 601 Jinsui 
Avenue, Xinxiang, Henan 453003, P.R. China
E‑mail: mjj19631030@163.com

Mr. Shaoyang Liu, Department of Orthopedics, Shanghai Putuo 
District Central Hospital, 146 Lanxi Road, Shanghai 200062, 
P.R. China
E‑mail: shaoyang7817@126.com

*Contributed equally

Key words: circular RNAs, microRNA, malignant tumor, 
biomarker, therapy

https://www.spandidos-publications.com/10.3892/mmr.2019.10637


ZHAO et al:  ROLE OF CIRCULAR RNAS IN MALIGNANT TUMORS3464

Since then, circRNAs have attracted increasing attention, 
providing novel insight on circRNAs.

circRNAs are mainly generated by alternative splicing 
of pre‑mRNAs (7). Typically, an upstream splice acceptor is 
joined to a downstream splice donor, thus forming a covalently 
closed continuous loop structure (7,9,10). Notably, circRNAs 
can differ greatly in length. Some consist of exonic or intronic 
sequences and are <200 nt or even <100 nt. However, most 
reported circRNAs are >200  nt  (11). In the last decade, 
many previous studies have found several characteristics of 
circRNAs (7‑10): i) Abundance and diversity, by taking advan-
tage of RNA‑seq technology, thousands of different circRNAs 
have been identified in eukaryotes, and the complicated mech-
anism by which circRNAs are generated leads to diversity in 
the circRNAs formed; ii) stability, due to their unique loop 
structure, circRNAs are resistant to ribonucleases, rendering 
them more stable than linear RNAs; iii) conservation, the 
expression patterns of circRNA are highly conserved in 
different species, such as plants, mice, zebrafish and humans; 
and iv) specificity, circRNAs are usually specifically expressed 
in tissue/developmental‑stage‑specific manners.

The identification and validation of the presence of partic-
ular circRNAs requires specific biochemical approaches. At 
present, reverse transcription‑quantitative PCR (RT‑qPCR), 
one of the most basic detection tools, has been used to detect 
the relative abundances of circRNAs in biological samples (12). 
Furthermore, some algorithms, including KNIFE, PTESFinder, 
CIRCexplorer and CIRI, have been designed based on the 
identification of special junction‑spanning sequences from 
transcriptome deep‑sequencing samples (13). Many circRNAs 
derived from exonic, intergenic and intronic sequences have 
been identified using these approaches. At present, there are 
several circRNA databases that summarize and integrate the 
information obtained from large‑scale circRNA identification 
studies, and among them, CIRCpedia and circBase are repre-
sentative examples. CIRCpedia is an integrative database that 
has now been updated to CIRCpedia v2; this database contains 
comprehensive information, including circRNA annotations, 
expression patterns and conservation across six different 
species (14). For each of these species, CIRCpedia v2 enables 
users to search, browse and download circRNA sequences and 
details of alternative back‑splicing events along with informa-
tion about their expression patterns in various cell types and 
tissues, including disease samples  (14). Another database, 
CircBase, contains the circRNAs identified in humans, mice, 
fruit flies and nematodes. Using CircBase, researchers can 
directly download the relevant sequences and annotation 
information of circRNAs of interest (15).

In recent years, hundreds of circRNAs have been confirmed 
to be dysregulated in specific malignant tumors, including 
gastric cancer (GC), hepatocellular carcinoma (HCC), 
breast cancer, osteosarcoma (OS) and tumors of the central 
nervous system (16‑18). These previous studies indicated that 
circRNAs may potentially play powerful roles in tumor patho-
genesis (19‑21). Importantly, some circRNAs can be detected 
in saliva, plasma and exosomes, suggesting that they might 
be useful as biomarkers for tumor diagnosis (22‑26). In the 
present review, the current knowledge on the biogenesis, clas-
sification and functions of circRNAs are briefly introduced, 
and their potential roles in malignant tumors are described. 

The prospects of using circRNAs in clinical applications are 
also discussed.

2. Biogenesis and classification of circRNAs

In the canonical splicing process, introns are removed from 
precursor mRNAs (pre‑mRNAs) and the exons are then cova-
lently connected, thus forming a linear RNA molecule that can 
encode proteins (Fig. 1A) (27). However, circRNAs usually 
result from a noncanonical form of alternative splicing that 
connects the 5'caps and 3'polyadenylated tails (27‑29). Initially, 
the circRNAs detected in human cells mainly originated 
from exons. However, via more in‑depth studies, researchers 
found that various gene structures can generate a variety of 
circRNAs. The circRNA splicing mechanisms are much more 
complex than previously thought (30). Furthermore, alternative 
back‑splicing selectively acts on different splice donors at the 
downstream 5'end or splice acceptors at the upstream 3'end; 
thus, the same region of a gene can also produce different types 
of circRNAs (30). In summary, the complexity in the variety 
of circRNAs is further expanded via alternative back‑splicing.

Although there are many diverse forms of circular RNAs, 
they are mainly divided into three categories, according to 
their constituent sections (31). The first type is known as exonic 
circRNAs (ecRNAs), and they originate from single or several 
exons in pre‑mRNAs. The second type, intron circRNAs 
(ciRNAs), only contain introns. Finally, exon‑intron circRNAs 
(EIciRNAs) are a recently discovered type of circRNA that 
contain both exons and introns (31,32). Among the three types, 
both ciRNAs and EIciRNAs are mainly localized to the nucleus, 
while ecRNAs are mainly present in the cytoplasm (4,8,32,33). 
Although the mechanism of circRNA biogenesis is not yet fully 
understood, previous studies have revealed that back‑splicing 
is catalyzed by the canonical spliceosome machinery, while 
both protein factors and cis complementary sequences, 
ALU repeats in particular, can modulate the process (4). In 
2013, Jeck et al (4) first proposed two models to explain the 
formation of circRNAs: Lariat‑driven circularization (exon 
skipping) and intron‑pairing driven circularization (direct 
back‑splicing). In the first model (Fig. 1B), an exon‑containing 
lariat is created from pre‑mRNA, and the introns contained 
in the lariat are then removed, thus generating an exonic 
circRNA (ecircRNA) (4,33). In the second model (Fig. 1C), 
ALU complementarity‑dependent base‑pairing supports 
the connection of a downstream splice donor pair having a 
non‑spliced upstream splice acceptor, and the contributing 
RNA are covalently closed (33). The introns are then removed 
to form ecircRNAs  (32), and, under some circumstances, 
these introns can be retained as EIciRNAs (33). Furthermore, 
accumulating evidence has verified that the second model 
might occur more frequently than the first (34). It has also 
been demonstrated that some RNA binding proteins (RBPs), 
such as protein muscleblind (MBL, a protein encoded by the 
mbl gene) and protein quaking (QKI, a splicing factor that 
promotes myelination and oligodendrocyte differentiation), 
can serve as bridges between the flanking introns to support 
the connection of the splice donor and acceptor to form 
intronic‑paired RNAs, thereby facilitating circRNA produc-
tion (Fig. 1D) (35,36). Another model for ciRNA biogenesis 
(Fig. 1E) was reported by Zhang et al (37). They proposed that 
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the process of generating ciRNAs depends on a consensus motif 
containing a 7‑nt GU‑rich element near the 5'splice site and an 
11‑nt C‑rich element near close to the branchpoint site (37). 
Furthermore, Wang et al (38) revealed that ciRNAs can also 
be formed by partial degradation of lariat RNAs. Currently, 
nuclear factor 90, encoded by the interleukin enhancer binding 
factor 3 gene, and its 110 isoform NF110 have been confirmed 
to promote circRNA generation in the nucleus by stabilizing 
intronic RNA pairs (35). Another RBP, RNA‑binding protein 
FUS, has particularly interesting functions, as several FUS 
genetic mutations may be associated with amyotrophic lateral 
sclerosis (ALS)  (39,40). Errichelli et  al  (41) revealed that 
FUS promotes circRNA production via involvement in the 
control of back‑splicing events, which has been linked to ALS 
pathology. Notably, the use of Csy4 (a cas‑9 homolog in the 
CRISPR protein family) to activate RNA circularization could 
improve the efficiency and specificity of circRNA expres-
sion, and reduce the levels of the corresponding linear RNA 
by‑products (42).

3. Biological functions of circRNAs

miRNA sponges. miRNAs are ~23‑nt ncRNAs that have 
essential functions in genetic regulatory networks and are 
closely associated with many biological processes, such 
as cell apoptosis, proliferation, immune responses and 
tumorigenesis (43‑45). In general, miRNAs can inhibit the 

function of target mRNAs by binding to their 3'untranslated 
regions (46). As a new classification of competing endogenous 
RNA (ceRNA), circRNAs with miRNA response element 
can affect the stability or the translation of target mRNAs 
by competitively binding to the same miRNA (Fig. 2A) (46). 
Furthermore, circRNAs are more effective at miRNA 
binding than other ceRNAs because of their abundance and 
stability (31). The earliest experimental support for the sponge 
function of circRNAs was provided by work on circular RNA 
sponge for miR‑7 (ciRS‑7), which originates from an antisense 
long ncRNA; in fact, ciRS‑7 contains >70 miRNA‑binding 
sites for miR‑7 itself and has functions that affect brain devel-
opment (47). Therefore, miR‑7 can be inhibited from binding 
to other target sites by binding to ciRS‑7. As a result, the levels 
of miR‑7 target mRNAs can be increased (7,8). Additionally, 
circ‑sry derived from the sex‑determining region Y that 
harbors many miR‑138 binding sites, functions as an miR‑138 
sponge (7,48). Chen et al (49) determined via RT‑qPCR that 
the expression of circ‑anaphase‑promoting complex subunit 
7 (ANAPC7) was significantly upregulated in acute myeloid 
leukemia (AML)  (49). Bioinformatics analysis predicted 
that circ‑ANAPC7 could bind to miR‑181 family members, 
which are closely associated with AML pathogenesis and 
prognosis (49).

With advances in circRNA research, increasing evidence 
suggested that the miRNA sponge activity may be a 
general function of circRNAs and, more importantly, that 

Figure 1. Biogenesis of linear RNA and different types of circRNAs. (A) A linear RNA molecule is derived from pre‑mRNA via the canonical splicing process. 
(B) Lariat‑driven circularization (exon skipping): An exon‑containing lariat is first formed from a pre‑mRNA. Next, intron removal results in the formation of 
an ecircRNA, intron lariat, and linear mRNA. (C) Intron pairing‑driven circularization: The introns flanking inverted repeats or ALU elements promote the 
circularization of the exon/exons via direct base pairing. Next, EIciRNAs or ecircRNAs are formed via intron retention of removal. (D) RBP binding: RBPs act 
as bridges to connect specific sequence motifs of the flanking introns of linear pre‑mRNAs, thus promoting back‑splicing and exon circularization. (E) ciRNA 
biogenesis: Some lariats removed from pre‑mRNAs via the canonical splicing machinery can form ciRNA molecules. This process depends on a consensus 
motif containing a 7‑nt GU‑rich element close to the 5'splice site and an 11‑nt C‑rich element close to the branchpoint site. circRNA, circular RNA; pre‑mRNA, 
precursor mRNA; ecircRNA, exonic circRNA; EIciRNAs, exon‑intron circRNAs; RBP, RNA binding protein. 
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circRNA/miRNA/mRNA coexpression networks have wide-
spread involvement in the development of diverse types of 
malignant tumors. It should also be noted that the binding of 
miRNAs to circRNAs might not always lead to the suppres-
sion of the target miRNAs. In some situations, circRNAs can 
temporarily store or transport miRNAs, thus regulating the 
expression levels of the miRNA target mRNAs. For instance, 
ciRS‑7 contains a near perfect complementary region to the 
miR‑671 molecule (50). A complex of ciRS‑7 and miR‑671 can 
trigger the cleavage of ciRS‑7 by protein argonaute‑2 (AGO2) 
in an miR‑671‑dependent manner, thus releasing the bond to 
miR‑7 (50).

Protein binding. In addition to serving as microRNA sponges, 
circRNAs can also directly bind proteins to participate in 
various biological processes (Fig. 2B). A typical example is 
circMbl, which is derived from the human muscleblind like 
splicing regulator 1 gene or the mbl gene in flies. circMbl 
has been reported to contain many conserved MBL binding 
sites (28,51). Strong and specific binding of excess MBL to 
circMbl can regulate the production balance of MBL and 
circMbl  (28,51). Another circRNA, circ‑Foxo3, which is 
derived from the forkhead box 03 gene, can bind to some 
proteins involved in the cell cycle, thus affecting cell cycle 
progression (52,53). Du et al (53) found that circ‑Foxo3 is 
highly expressed in non‑cancerous cells and is associated 
with cell cycle progression. Through a series of experiments, 
they revealed that circ‑Foxo3 can interact with the cell cycle 

proteins cyclin‑dependent kinase 2 (CDK2) and cyclin‑depen-
dent kinase inhibitor 1 (p21) to form a circ‑Foxo3‑p21‑CDK2 
ternary complex, thereby inhibiting progression from G1 to S 
phase (53). However, some circRNAs influence posttransla-
tional regulation by interacting with RBPs, such as argonaute, 
QKI and Hu‑antigen R (HuR) (8,34,50). For example, ciRS‑7 
interacts strongly with miR‑7 and AGO2 proteins, both of 
which can reduce the expression and activity of mature 
miRNAs, and the specific miR‑7‑AGO2 interaction can inhibit 
miR‑7 activity (8). In addition, CircPABPN1, at high levels, 
binds to HuR, an extensively studied RBP that influences gene 
expression programs by associating with hundreds of coding 
and non‑coding linear RNAs, thus suppressing its binding to 
its cognate mRNA (polyadenylate‑binding nuclear protein 1 
mRNA) (54).

circRNA translation. In total, >80% of the identified circRNAs 
originate from exons (ecRNAs) and are mainly located in the 
cytoplasm (4,7,8). As is well known, exons can be translated 
into proteins during protein biosynthesis  (55). Therefore, 
whether circRNAs have the potential to encode polypeptides 
or proteins requires investigation. Indeed, convincing evidence 
has demonstrated that some circRNAs containing open reading 
frames (ORFs) and internal ribosomal entry site (IRES) 
elements encode proteins via a cap‑independent mechanism 
(Fig. 2C) (55). One of the first studies supporting the notion 
that natural circRNA can be translated into a protein investi-
gated hepatitis δ virus (HDV). Wang and Wang (56) found a 

Figure 2. Functions of circRNAs. (A) circRNAs act as miRNA sponges. (B) circRNAs bind to proteins, such as RBP and MBL. (C) circRNAs act as translation 
templates. (D) circRNAs regulate transcription. (E) circRNAs regulate protein expression. circRNA, circular RNA; miRNA, microRNA; RBP, RNA binding 
protein; MBL, protein muscleblind; AGO2, argonaute‑2; UTR, untranslated region; EIcirRNA, exon‑intron circRNA; snRNP, small nuclear ribonucleoproteins; 
ciRNA, intron circRNA; IRES, internal ribosomal entry site; tRNA, transfer RNA.
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circular single stranded RNA with an OFR and a TGA stop 
codon presented in HDV that could behave as a translational 
template to express a single viral protein of 122 amino acids, in 
a non‑canonical manner. Subsequently, scientists engineered 
an IRES into synthetic circRNAs and demonstrated that these 
IRES‑containing circRNAs can be translated into green fluo-
rescent proteins (56). For example, previous study have reported 
that eukaryotic ribosomes can initiate translation on circRNAs 
containing an IRES (57). Recent studies have also suggested 
that specific endogenous eukaryotic circRNAs can be trans-
lated into proteins (41,58,59). For example, Circ‑ZNF609, a 
circRNA derived from the circularization of the second exon 
of the zinc finger protein 609 (ZNF609) gene, is involved in 
controlling myoblast proliferation. Researchers identified a 
753‑nt ORF via analysis of the circZNF609 sequence (58,59). 
Importantly, this ORF, which spans from a start codon to a 
stop codon, encodes a novel protein whose expression is driven 
by an IRES (58,59). Another previous study by Yang et al (59) 
showed that circ‑FBXW7 encodes a novel 185‑amino acid 
protein, which they termed FBXW7‑185aa. Downregulation 
of FBXW7‑185aa promoted malignancy phenotypes, while 
upregulation of FBXW7‑185aa inhibited cancer cell prolifera-
tion (59). Recently, Zhao et al (60) developed a new powerful 
bioinformatics tool, IRESfinder, that can be used to identify 
and analyze IRES components. Furthermore, Yang et al (61) 
discovered that some ‘negative control’ sequences (without 
IRES elements) can also be translated. The authors examined 
the sequences near the translation start site to try to explain 
this strange phenomenon (61). Their results showed that all of 
the relevant ‘negative control’ sequences contained an RRACH 
fragment (R=G or A; H=A, C or U) near the start codon, which 
resembles the consensus motif for N6‑methyladenosine (m6A) 
modification (the RRACH motif) (61). Further experiments 
showed that m6A motifs were enriched in many circRNAs 
and that they can drive protein translation in human cells (61).

Transcription and splicing regulators. Unlike ecRNAs, 
circRNAs containing intron sequences (such as ciRNA 
EIciRNA) are predominantly localized to the nucleus, where 
they may interfere with the transcription of parental genes or 
regulate the splicing process (Fig. 2D). It has been reported that 
ciRNAs can interact with eukaryotic Pol II to participate in the 
efficient transcription of their parental genes (37). Ci‑ankrd52, 
which is derived from the second intron of ankyrin repeat 
domain 52 (ANKRD52) and is enriched in the nucleus, can 
promote the transcription of the ANKRD52 gene by interacting 
with the Pol II elongation complex (37). Likewise, U1 snRNA 
is associated with some factors that participate in transcrip-
tion initiation, elongation or termination (62). The interaction 
between EIciRNAs and U1 snRNA can also play a transcrip-
tional regulatory role in the cell nucleus (31,62,63). EIciRNAs 
containing U1 snRNA‑binding sites in the retained introns, 
such as EIciPAIP2 and EIciEIF3J, have been confirmed to 
bind to U1 snRNA to enhance the transcription of EIF3J 
and PAIP2 in cis (32). Use of a U1 snRNA‑specific antisense 
morpholino to knockdown U1 snRNA expression abolishes 
the regulatory effect of EIciRNA on the transcription of its 
parental gene (63).

Some circRNAs can act as splicing regulators to influence 
the process of linear splicing. As mentioned earlier, circMbl 

can regulate the production balance of MBL and circMbl by 
binding to surplus MBL. In addition, there are many MBL 
binding sites in the intronic sequences flanking the second 
exon of mbl. Some MBL isoforms can interact with the 
flanking introns to promote exon circularization. Therefore, 
circMbl might function in gene regulation by competing with 
canonical pre‑mRNA splicing (28). In fact, for the majority 
of host genes, there is a negative interaction between circular 
and linear splicing. The formation of circRNAs can compete 
with canonical pre‑mRNA splicing to reduce the levels of 
linear mRNAs. In this way, the levels of the proteins encoded 
by the linear mRNAs can be reduced (28,64). Notably, some 
circRNAs containing translation start sites can directly 
sequester target mRNAs to regulate the translation of the 
remaining truncated linear mRNA (Fig. 2E) (34).

Other functions. Oncogenic ‘fusion proteins’ resulting from 
chromosomal translocations are involved in tumorigen-
esis  (65). Interestingly, recent studies have also revealed 
that chromosomal translocations can lead to the produc-
tion of fusion circRNAs (f‑circRNA) that exert unique 
biological functions in tumor cells. For instance, protein PML 
(PML)/retinoic acid receptor α (RARα) translocation is most 
recurrent in acute promyelocytic leukemia (APL), and aber-
rant MLL/AF9 translocation usually occurs in AML (66). 
Guarnerio et al (66) identified two types of f‑circRNA that 
correspond to different exons associated with PML/RARα 
and MLL/AF9 fusion genes: One is termed f‑circPR and the 
other is termed f‑circM9_1 (66). Both of these f‑circRNAs can 
activate the PI3K and MAPK signaling transduction pathways, 
thus exerting pro‑proliferative and proto‑oncogenic effects. 
Furthermore, these f‑circRNAs may also protect tumor cells 
from drug‑induced apoptosis (66). Recently, Tan et al (67) 
reported a fusion circRNA(F‑circEA) that originates from 
the EML4‑ALK fusion gene and is mainly located in the 
cytoplasm. The results of Transwell assays and wound healing 
experiments showed that F‑circEA can promote cell migra-
tion and invasion. Most importantly, F‑circEA is not only 
present in non‑small cell lung cancer (NSCLC) tissues but 
also specifically present in the plasma of patients carrying the 
EML4‑ALK translocation (67). However, no F‑circEA was 
detected in the patients lacking the fusion gene. These findings 
suggested that F‑circEA could be a novel biomarker to monitor 
the EML4‑ALK fusion gene status in NSCLC and to guide 
EML4‑ALK‑targeted NSCLC therapy (67).

4. circRNAs in malignant tumors

Many circRNAs have been demonstrated to be involved in 
cancer‑related processes, including epithelial‑mesenchymal 
transition (EMT), tumor immunity and exosome‑mediated 
cell communication, in various tumor types. As one of the 
most important signaling pathways, EMT plays a crucial role 
in tumor metastasis. In GC, inhibiting circRNA_0023642 
expression promoted E‑cadherin expression, but decreased 
the expression of N‑cadherin, vimentin and snail, suggesting 
that circRNA_0023642 could modulate the activity of the 
EMT signaling pathway  (68). In another previous study, 
Zeng et al (69) revealed that circANKS1B can promote breast 
cancer metastasis by sponging miR‑148a‑3p and miR‑152‑3p 
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to increase the expression of upstream transcription factor 1, 
which could transcriptionally upregulate TGF‑β1 expression to 
promote EMT via activation of TGF‑β1/Smad signaling (69). 
An increasing number of previous studies have shown that 
circRNAs may play complicated and significant roles in 
tumor immunity by interacting with miRNAs or proteins. 
As previously reported, hsa_circ_0020397 was upregulated 
in colorectal cancer and antagonizes miR‑138 to subse-
quently enhance the expression of miR‑138 targets, including 
programmed cell death 1 ligand 1 (PD‑L1) and telomerase 
reverse transcriptase (70). Upon PD‑L1 upregulation, it can 
interact with programmed cell death protein 1 specifically on 
tumor cell surfaces to exhaust the immunocytes and induce 
cancer immune escape. CircFoxo3 can form complexes with 
E3 ubiquitin‑protein ligase Mdm2, thus causing degradation 
of p53, a key protein involved in immune responses during 
tumorigenesis  (53,71). circRNAs can also participate in 
exosome‑mediated cell communication. CiRS‑133, which is 
significantly upregulated in GC, can be delivered into preadipo-
cytes via exosomes, where it plays a crucial role in aggravating 
tumor cachexia (72). In 2018, Zhang et al (69) showed that 
adipose‑derived exosomes mediate the delivery of circ‑DB 
(a circRNA involved deubiquitylation), thus promoting HCC 
tumorigenesis via inhibition of miR‑34a expression and acti-
vation of the ubiquitin carboxyl‑terminal hydrolase 7/Cyclin 
A2 signaling pathway (18). A recent study by Wang et al (73) 
identified a number of dysregulated circRNAs in exosomes 
from the serum of patients with breast cancer. Previous studies 
of circRNAs in several common malignancies are discussed 
and detailed information is presented in Table I.

In GC. GC is a malignant tumor originating from the gastric 
mucosal epithelium and has the third highest cancer‑related 
mortality rate worldwide (16). Sun et al (74) collected and 
screened a total of 5 GC tissue and adjacent non‑tumorous 
tissue samples via a human circRNA microarray. By 
analyzing the t‑test data from the screened patient samples, 
713 candidate circRNAs were identified, among which 191 
were upregulated and 522 were downregulated. RT‑qPCR and 
bioinformatics‑based predictions were used to analyze the 10 
most significantly up‑ and downregulated circRNAs, and the 
results showed that the expression level of circPVRL3 was 
significantly decreased, suggesting that it might have an impor-
tant biological function. Finally, a previous study revealed a 
molecular mechanism through which circPVRL3 could act as 
a sponge for 9 miRNAs to regulate the proliferation and migra-
tion of GC (74). Another circRNA, hsa_circ_0000096, which 
is frequently downregulated in GC tissue, might suppress GC 
cell growth and migration by interfering with the expression 
of cell cycle‑related proteins (e.g., cyclin D1 and CDK6) and 
migration‑related proteins [e.g., matrix metalloproteinase 
(MMP)‑2 and MMP‑9] (75). Inhibition of hsa_circ_0000096 
expression suppressed GC cell proliferation  (75). In addi-
tion, the level of hsa_circ_0000096 in GC was significantly 
correlated with sex, invasion and TNM stage, suggesting 
that hsa_circ_0000096 may be a potential biomarker for GC 
diagnosis (75).

In HCC. HCC is the most common primary malignancy of the 
liver (76). An increasing number of studies have demonstrated 

that aberrant circRNA expression can affect HCC develop-
ment. For instance, circC3P1 is a circRNA derived from exons 
of the complement component 3 precursor pseudogene (C3P1), 
and it contains miR‑4641 binding sites (77). Zhong et al (77) 
reported that circC3P1 expression was typically downregu-
lated in HCC tissue compared with adjacent normal tissue. 
It was identified that the circC3P1 level was negatively 
correlated with tumor size, TNM stage and vascular invasion 
in HCC (77). Overexpression of circC3P1 was shown to be 
an inhibitory factor for HCC growth and metastasis (77). In 
another study, Jiang et al (78) identified a circRNA named 
hsa_circ_0000673 that was upregulated in HCC patient 
samples. High hsa_circ_0000673 expression was correlated 
with HCC progression, and it was shown to promote HCC 
proliferation and invasion by regulating the miR‑767‑3p/SET 
axis (78).

In breast cancer. Breast cancer is a malignant tumor that 
originates from the glandular epithelium of the breast and 
mainly occurs in women (79). Tang et al (80) used circRNA 
microarray assays to detect the circRNA expression profiles 
in breast cancer tissue samples, and they found that 1,705 
circRNAs were abnormally expressed. Further screening 
clearly showed that among those circRNAs, 15 circRNAs 
were upregulated and 16 were downregulated (fold changes 
>4.0 and P‑values <0.05) (80). More recently, a circular RNA 
named circ‑Dnmt1 was shown to enhance the proliferation and 
survival of breast cancer cells by activating autophagy (81). 
Overexpressed circ‑Dnmt1 can bind to p53 and AU‑rich 
element RNA‑binding protein 1 to promote their nuclear trans-
location, thereby inducing cellular autophagy and increasing 
DNA (cytosine‑5)‑methyltransferase 1 expression (81).

In lung cancer. Lung cancer is an important malignant tumor 
with high morbidity and mortality rates worldwide. cir‑ITCH 
is a circRNA that plays an inhibitory role in lung cancer. 
Wan et al (82) found that cir‑ITCH expression was significantly 
decreased in lung cancer tissue samples and that its expres-
sion level was associated with age (but not sex), tumor type 
and TNM stage. Aberrant cir‑ITCH expression can suppress 
the activation of the Wnt/β‑catenin pathway, as cir‑ITCH 
can act as a sponge for miR‑7 and miR‑214, thus leading to 
suppression of lung cancer progression (82). Another regula-
tory network involving circMAN2B2/miR‑1275/forkhead box 
protein K1 (FOXK1) has also been reported in lung cancer. 
There is a negative correlation between circMAN2B2 and 
miR‑1275 expression levels in lung cancer tissue. FOXK1 is 
a direct target of miR‑1275, and overexpression of FOXK1 
could reverse the inhibition of cell proliferation caused by 
circMAN2B2 knockdown. Experiments demonstrated that 
circMAN2B2 could promote lung cancer cell proliferation 
and invasion by modulating miR‑1275‑FOXK1 signaling (83). 
In another previous study, Zhang et al (84) studied 46 patients 
(11 females and 35 males) and ultimately focused on a 
circRNA termed hsa_circ_0014130 (84). This circRNA was 
upregulated in NSCLC tissue samples compared with paired 
adjacent lung tissue samples, and was significantly associ-
ated with TNM stage and lymphatic metastasis, suggesting 
that hsa_circ_0014130 may be a potential biomarker for 
NSCLC (84).
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In In glioma. Yang et al (59) analyzed RNA‑seq data from 
10 glioblastoma and adjacent nontumorous tissue samples 
and identified ~31,000 circRNA candidates. Interestingly, 
circ‑FBXW7, a circRNA derived from the F‑box and WD 
repeat domain containing 7 (FBXW7) gene, which is a 
well‑characterized tumor suppressive E3 ligase, was found 
to encode a novel 21‑kDa protein termed FBXW7‑185aa. 
FBXW7‑185aa can antagonize ubiquitin carboxyl‑terminal 
hydrolase 28‑induced c‑Myc stabilization to reduce the 
half‑life of c‑Myc, inhibiting cell proliferation (59). Similarly, 
Zhang et al (85) identified a protein encoded by circ‑SHPRH 
that is downregulated in glioblastoma and acts as a tumor 
suppressor in glioblastoma. Jin et al (86) found that the expres-
sion of circHIPK3 was significantly increased in glioma tissues. 
circHIPK3 can mediate tumorigenesis as a miR‑654 sponge to 
promote insulin‑like growth factor 2 mRNA‑binding protein 3 
(IGF2BP3) expression, and IGF2BP3 has been reported as an 
oncogene in many cancer types.

In esophageal squamous cell carcinoma (ESCC). ESCC is 
one of the most prevalent cancer types worldwide with a high 
mortality rate. Using RT‑qPCR, Xia et al (87). found that the 
expression of has_circ_0067934 was markedly upregulated 
in ESCC. Hsa_circ_0067934 expression was significantly 
correlated with TNM stage and T stage. Moreover, the 
proliferation and migration of ESCC cells can be inhibited by 
knocking down hsa_circ_0067934 expression. These previous 
results suggested that hsa_circ_0067934 might represent a 
novel potential biomarker for ESCC (87). Another circRNA, 
ciRS‑7, participates in the pathogenesis of diverse tumors (84). 
Li et al (88) found that ciRS‑7 expression is also upregulated 
in ESCC. They further characterized a molecular mechanism 
through which ciRS‑7 could as an miR‑7 sponge to activate 
homeobox protein Hox‑B13 downstream of the NF‑kB/p65 
pathway, thereby promoting ESCC growth and metastasis.

In OS. The involvement of hsa_circ_0002052 in impairing OS 
progression has been recently demonstrated. Hsa_circ_0002052 
was significantly downregulated in OS tissue and cell lines 
compared with normal cell lines and adjacent normal tissues, 
respectively, and its overexpression was negatively correlated 
with OS cell proliferation, migration and invasion  (17). A 
previous study revealed that hsa_circ_0002052 can modulate 
the miR‑1205/adenomatous polyposis coli protein 2 axis to 
suppress the activation of the Wnt/β‑catenin pathway, leading 
to the inhibition of OS cell growth (17). Similarly, circHIPK3 
was also poorly expressed in OS tissue, and its expression 
level was correlated with shorter overall survival time and 
poor prognosis (89). In contrast, Hsa_circ_0001564 and circ-
NASP are upregulated in OS tissue, and knockdown of their 
expression markedly suppressed OS cell proliferation (90,91).

In leukemia. Xia et al (92) analyzed RNA‑seq data from 47 
patients with chronic lymphocytic leukemia (CLL) and discov-
ered that circ‑CBFB expression was significantly upregulated 
in CLL tissue. circ‑CBFB overexpression enhanced the 
proliferation and induced apoptosis of CLL cells by regulating 
the miR‑607/frizzled‑3/Wnt/β‑catenin axis (92). Li et al (93) 
discovered that numerous circRNAs are aberrantly expressed 
in APL samples compared with their levels in normal blood 
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samples and other non‑APL AML samples. Among these, 
circ‑HIPK2, which is significantly downregulated in patients 
with APL, was shown to be a potential APL‑associated 
biomarker (93). In another previous study by Wu et al (94), 
circRNA‑DLEU2 was found to be associated with the 
inhibition and proliferation of AML cells.

In cervical cancer (CC). circRNA‑000284 is one of the upregu-
lated circRNAs in cervical cancer (CC) cells. circRNA‑000284 
upregulation promotes CC cell proliferation and invasion (95). 
Likewise, circRNA8924 is also highly expressed in CC. 
In vitro experiments verified that circRNA8924 overexpres-
sion increases chromobox protein homology 8 expression 
by sponging miR‑518d‑5p/519‑5p family members, thereby 
enhancing the proliferation, invasion and metastasis of CC 
cells (96).

In bladder cancer (BC). In BC, 469 circRNAs that were 
differentially expressed between bladder carcinomas and 
matched para‑carcinomas tissue were identified via micro-
array analysis, among which 285 were upregulated and 184 
were downregulated. Furthermore, 4,416 mRNAs were also 
significantly differentially expressed (including 2,472 upregu-
lated and 1,944 downregulated) (97). Among all circRNAs, 
circRNA‑MYLK is abnormally upregulated in bladder 
cancer tissue, and its expression level is positively correlated 
with vascular endothelial growth factor A (VEGFA) mRNA 
levels. An interaction between circRNA‑MYLK, miR‑29a 
and VEGFA has been demonstrated via luciferase reporter 
assays. circRNA‑MYLK can bind to miR‑29a to modulate 
VEGFA expression, thereby inducing EMT and activating the 
Ras/ERK signaling cascade (97). In another previous study, 
Yang et al (98) identified 14 upregulated and 42 downregulated 
circRNAs between cancerous samples and non‑cancerous 
samples (98). Similar to lung cancer, the circ‑ITCH expres-
sion level was also found to be downregulated in BC tissue. 
Furthermore, it was found that circ‑ITCH could induce G1 cell 
cycle arrest by sponging miR‑17 and miR‑224, thus leading to 
the proliferation, invasion and migration of bladder cancer (99).

5. Clinical applications of circRNAs

As potential biomarkers. It is well known that early detection 
and prompt treatment are very important determinants in 
the prognoses of malignant tumors. Many tumor diagnostic 
markers and tools, including computerized tomographic 
scanning, magnetic resonance imaging and histopathology 
are already used in the clinical setting (31). However, some of 
these approaches are invasive and very expensive; thus, less 
expensive and minimally invasive or noninvasive approaches 
are preferred for tumor diagnosis. Dysregulation of circRNAs 
between tumor tissues and matched non‑tumorous tissues 
is common, and such dysregulation is correlated with 
clinical pathological features, including tumor size and 
TNM stage  (100). circRNAs are generally expressed in a 
tissue/developmental‑stage‑specific manner (64). Due to their 
loop structure, lacking terminal 5' and 3'ends, circRNAs 
are resistant to ribonucleases, such as exonuclease or RNase 
R  (4). Therefore, they are more stable and have longer 
half‑lives compared with linear mRNAs. Previous studies 

demonstrated that some circRNAs can be detected in saliva 
and plasma (22,23). In addition, Li et al (101) first reported that 
circRNAs are abundant in human serum exosomes and that 
they are highly stable. By employing a xenograft mouse model, 
they demonstrated that tumor‑derived exosomal circRNAs 
could enter circulation and then be measured for cancer 
detection (64,101). Dou et al (22) found a global downregu-
lation of circRNAs in colon cancer cell lines that depended 
only on their KRAS mutation status. Interestingly, circRNA 
molecules can be transferred to exosomes and can be more 
abundant in exosomes than in cells, suggesting that they may 
serve as promising cancer biomarkers. By analyzing RNA‑seq 
samples, Alhasan et al (102) found that circRNAs are 17‑ to 
188‑fold enriched in human platelets relative to their levels in 
nucleated tissues (102). In addition, a recent study also showed 
that circRNAs are enriched in human hematopoietic cells and 
that their expression is widespread and cell‑type specific (103). 
Importantly, the use of RT‑qPCR and in situ hybridization for 
circRNA detection is more specific and sensitive compared 
with the detection of proteins via antigen‑antibody reac-
tions (31). Collectively, it was demonstrated that circRNAs 
have great potential for use as non‑invasive diagnostic and 
prognostic biomarkers for malignant tumors.

As potential therapeutic targets and vectors. Based on all 
the information, it was determined that that circRNAs play 
different roles in diverse tumor types. Some circRNAs act 
as oncogenic factors to promote tumor development, while 
others act as tumor‑suppressor factors to suppress tumor 
proliferation and growth. Moreover, that circRNAs function 
as miRNA sponges is currently the main mechanism for 
circRNAs participating in tumor progression. At present, 
some RNA‑targeting drugs have been approved by The Food 
and Drug Administration. Therefore, the use of circRNAs as 
novel therapeutic targets or therapeutic vectors is an option 
for tumor treatment. There are different therapeutic strategies 
for circRNAs with different functions. In therapeutic strate-
gies against carcinogenic circRNAs, a feasible approach is to 
deliver small interfering RNAs (siRNAs) that are perfectly 
complementary to the back‑splice junction (31,104). Another 
method is to use antisense oligonucleotides (ASOs) to bind the 
pre‑mRNA of the target circRNAs via complementary base 
pairing (31,104). Both methods can suppress the expression 
of oncogenic‑circRNAs. In therapeutic strategies involving 
tumor suppressor circRNAs, a viable approach is to introduce 
exogenous genes to induce expression of the tumor‑suppressor 
circRNA (104). However, this approach represents a new field 
and there are still many problems to be solved. For example, 
it is necessary to reduce the side effects associated with the 
siRNAs and to avoid the off‑target gene silencing (104,105). 
The designed ASOs also require stringent quality control 
to ensure that the target circRNAs can be specifically 
antagonized, thereby avoiding off‑target effects due to cognate 
parental gene inhibition  (31,106). However, circRNAs are 
highly stable and have a superior ability to sponge proteins and 
miRNAs, suggesting that they may be a promising therapeutic 
vector. Introduction of specific circRNAs containing multiple 
binding sites for oncogenic miRNAs or proteins into tumor 
cells could restore normal regulatory networks, thus inhibiting 
tumor cell proliferation or inducing apoptosis.
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6. Conclusions and perspectives

The powerful functions and unique characters of circRNAs 
have attracted increasing attention from researchers world-
wide. Due to a number of research advances, more information 
on circRNAs has been uncovered. Numerous dysregulated 
circRNAs have been identified in various malignant tumors. 
Meanwhile, new functions of circRNAs are continually 
providing new insight. For instance, circRNAs can act as 
ceRNAs to regulate and control tumor progression. They 
may also serve as targets for tumor treatment. Unusual for 
ncRNAs, some circRNAs can actually encode polypeptides 
or proteins. However, much remains to be learned about 
circRNAs, and some essential aspects of circRNA biology 
are not yet fully understood. At present, a systematic method 
for naming circRNAs is lacking. Additionally, how circRNAs 
are transported and degraded in vivo requires elucidation. 
The mechanisms that regulate the production of circRNAs 
are not fully understood. The exact molecular mechanisms 
underlying the involvement of circRNAs in tumor develop-
ment also remain unclear. Further studies on these aspects 
will help to provide insight to better understand circRNA 
biology, thus further identifying potential clinical applications 
for circRNAs.
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