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Abstract. Circular RNAs are abundant and conserved endog-
enous RNAs that are formed by exon skipping or back‑splicing 
events and occur in all forms of life. They have been proven to 
exhibit tissue‑ or cell‑type specificity and to be able to regulate 
cell behavior through multiple pathways. In cancer research, 
numerous studies have indicated that circular RNAs serve as 
potential biomarkers and therapeutic targets. Furthermore, 
differential expression of certain circular RNAs clearly 
predicts the clinical outcomes of cancer patients. Circular 
RNAs regulate carcinogenesis and cancer progression by 
acting as a microRNA sponge, coding for proteins and inter-
acting with proteins. The present review mainly focuses on the 
recent literature regarding the role of circular RNAs in cancer, 
which may suggest novel strategies for cancer prognosis, 
diagnosis and clinical treatment.
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1. Introduction

Genomic expression and regulation depends on the canonical 
cooperation of coding and non‑coding genes. Aberrant 
activity of either directly leads to biological dysfunction or 
even to disease, e.g. cancer. Considering the processes of 
carcinogenesis, numerous mechanisms are capable of regu-
lating cancer development. Among them, non‑coding RNA 
has been gradually recognized over the past few decades as 

having a significant role in cancer (1). In contrast to the genes 
that code for proteins, non‑coding RNA may regulate gene 
expression during or after transcription as well as during 
translation. Sharing common features with non‑coding RNA, 
circular RNA has recently been identified as a novel marker 
for cancer (2). 

Circular RNAs are a large class of endogenous RNA occur-
ring in all forms of life, including eukaryotes, prokaryotes, 
microbes and viruses. Circular RNA is a type of RNA that is 
formed by exon skipping or back‑splicing events (3,4). Unlike 
the well‑known linear RNA, circular RNA is formed with a 
covalently closed loop. This loop is formed by binding between 
the 3' and 5' ends in an RNA molecule. This circular feature 
confers multiple properties to circular RNAs, several of which 
have only been recently identified. In eukaryotic cells, circular 
RNA was first identified in the cytoplasm by using electron 
microscopy in 1979 by Hsu and Coca‑Prados (5). However, this 
observation attracted little attention at the time, as the circular 
RNA form was assumed to be a type of transcriptional junk 
produced by mRNA splicing. In the early 1990s, circular RNA 
was observed in higher eukaryotic cells (6). It was identified 
that the DCC netrin 1 receptor, a tumor suppressor gene, was 
transcribed into a lower expression of the non‑polyadenylated 
component of cytoplasmic RNA. In addition, this transcript 
was indicated to be formed by exons joining accurately at a 
consensus splice site in human cells. Nigro et al (6) put forward 
the term ‘exon scrambling’ for the first time, which means that 
RNA splicing does not always follow the order predicted from 
the positions of exons in the genome but may be spliced at any 
position once there is a consensus splice site. Since then, an 
increasing number of circular RNAs have been identified in 
eukaryotic cells, with the mouse sex‑determining region Y 
(SRY) gene being one of the most commonly reported genes (7). 
SRY is a gene for male determination with only one intron. 
During mouse development, SRY genes may be translated into 
protein whilst keeping their linear form, and in mature testes, 
the reverse sequence located on the 2 sides of the SRY genes 
enable the circularization of SRY, which is then stored with a 
non‑coding pattern in the cytoplasm.

With the wide use of high‑throughput RNA‑sequencing 
technology and bioinformatics tools, an increasing number of 
circular RNAs have been identified and characterized. Thus, 
the stable expression of this RNA type in cells people has 
been increasingly recognized and research now focuses on 
its role in controlling or regulating physical and pathological 
processes. It has been identified that circular RNA mainly 
exists in the cytoplasm and that most circular RNAs are 
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derived from exons, with only a few are generated from introns. 
In 2012, Salzman et al (8) started to develop an algorithm in 
pediatric acute lymphoblastic leukemia patients via using 
high‑throughput RNA sequencing. They identified 1,232 genes 
that were transcribed with exon scrambling. In addition, those 
identified gene transcripts were also identified in peripheral 
blood samples of patients, which further supported the general 
feature of circular RNA expression patterns in human cells. 
Of note, this group also identified that the expression of 
circular RNA is highly evolutionarily conserved, although the 
circular RNA expressed varies among different cell types or 
species. In addition, circular RNA expression profiles, the ratio 
between circular and linear RNA and the pattern of spliced 
isoforms is cell‑specific (9). Later, Jeck and Sharpless (4) and 
Jeck et al (10) identified >25,000 circular isoforms that are 
transcribed from 14% of the actively expressed genes in fibro-
blasts. Due to the RNA splicing pattern, one heterogeneous 
nuclear RNA may be spliced into numerous circular isoforms. 
Due to the lack of 5' and 3' ends, circular RNAs are more 
resistant to exonuclease‑mediated degradation and are more 
stable than most linear RNAs in cells. Hence, the circular 
RNAs are theoretically expressed at higher levels than their 
associated linear RNAs. The abundance of circular RNA has 
been reported to be >10‑fold of that of the associated linear 
RNA (4,10). These results indicate that circular RNAs may 
serve as novel biomarkers for various diseases.

The cell is the basic unit of life. While cell behavior relies on 
reasonable genomic control, aberrant gene regulation directly 
leads to cellular disorder. Cancer is a disease of genomic insta-
bility. While numerous treatments are available, cancer is a 
disease class comprising a cell system with dynamic genomic 
changes and the ability to evade immune surveillance, which 
enables cancer to survive. In addition, this system may evolu-
tionarily evolve in order to sustain and progress its malignant 
phenotype. Circular RNA has been indicated to be involved 
in numerous types of cancer. Circular RNA is highly stable 
and evolutionarily conserved. Regarding cancer, numerous 
studies have reported that circular RNA may be differentially 
spatiotemporally expressed according to the different status 
of cells. High‑throughput RNA sequencing suggested that 
a variety of circular RNAs are significantly dysregulated in 
cancer tissues when compared with those in adjacent tissues. 
For instance, circHIPK3 expression is decreased by ~79.5% 
in bladder cancer tissues when compared with that in normal 
bladder tissues  (11). Furthermore, circMTO1 expression 
was decreased by 87.4% in hepatocellular carcinoma tissue 
compared with that in matching non‑tumorous tissues (12). 
At the same time, the level of circHIPK3 in bladder cancer 
patients and that of circMTO1 in hepatocellular carcinoma 
patients was highly correlated with the pathological stage and 
prognosis. In addition, it has been determined that circular 
RNAs are more abundant in exosomes than in cells, which 
suggests that circular RNAs may serve as promising cancer 
biomarkers (13). Li et al (14) identified >1,000 circular RNAs 
in human serum exosomes. Circular RNAs originating from 
human cancer cells may enter the circulation via participating 
in exosome packing, which may be readily measured. Of note, 
those circRNAs measured in exosomes may be used to differ-
entiate between colon cancer patients and healthy individuals. 
In addition, several studies have proven that circular RNAs 

may be used as biomarkers in cancer (2,15‑17). It is therefore 
indicated that circular RNAs may be used as biomarkers 
in cancer diagnosis and prognosis. Furthermore, several 
circular RNAs have been proven to be ultimately important 
in controlling cancer cell fate, e.g. overexpressed ciRS‑7, 
which promotes colon cancer carcinogenesis via activating 
the epidermal growth factor receptor/RAF1/mitogen‑activated 
protein kinase pathway (18,19), while circMYLK promotes 
bladder cancer progression through modulation of the vascular 
endothelial growth factor A (VEGFA)/VEGF receptor 
2 (VEGFR2) signaling pathway (20). These results suggest 
that certain circular RNAs may be regarded as potential thera-
peutic targets in cancer. Hence, the present review not only 
focused on the role of circular RNA as a biomarker in cancer 
but also discussed its biological roles in cancer. 

2. Biogenesis of circular RNAs

Compared with the prokaryotic genes, eukaryotic genes are 
split by a series of non‑coding sequences known as introns. 
In eukaryotes, when the gene is transcribed from DNA into 
mature mRNA, the introns are removed, leaving just the exons 
in the mature mRNA. Subsequently, the remaining exons are 
translated into proteins (21). The intron removal procedure 
during this process is known as canonical splicing. With the 
discovery of circular RNA, it has become apparent that it 
may be formed via gene splicing, but in a non‑canonical way. 
During non‑canonical splicing, circular RNA is synthesized 
by canonical splicing combined with back‑splicing (22,23). 

Similar to linear RNA, circular RNA is also derived 
from pre‑mRNA. The actual mechanisms of its biogenesis 
are presented in Fig. 1. According to the constituent sections, 
circular RNA may be classified into four types, including 
exonic circular RNA, intronic circular RNA, exon‑intron 
circular RNA and tRNA intronic circular RNA (22). During 
pre‑mRNA splicing, RNA binding proteins or the ALU 
reverse complementary sequence bridge the two flanking 
introns, joining them together and allowing the downstream 
5' end (the splice donor) to be connected to the upstream 3' 
end (the splice acceptor) (10,24,25). Later, by back‑splicing 
in combination with canonical splicing, the exonic circular 
RNA is formed. Furthermore, if only back‑splicing occurs 
with an intron retained, an exon‑intron circular RNA is gener-
ated. In addition, exonic and exon‑intron circular RNA may 
also be generated by exon skipping (25). A partially folded 
pre‑mRNA brings the original and non‑adjacent exon close 
to another exon. Subsequently, exon skipping occurs, during 
which flanking regions (containing ALU paring) at the ends 
of the 2 exons are joined by canonical splicing, thus forming 
exonic circular RNA. Similarly, if an intron is still retained, 
exon‑intron circular RNA is generated. Intronic circular RNA 
is derived from the lariat intron that is excised from pre‑mRNA 
by the canonical splicing machinery (26). The excised lariat 
intron containing a 7‑nt GU‑rich element near the 5' splice site 
and an 11‑nt C‑rich element near the 3' tail of the branchpoint 
site may undergo circularization. While this structure enables 
the formation of intronic circular RNA, it also helps the 
excised lariat intron to escape debranching and exonucleolytic 
degradation. tRNA intronic circular RNAs are generated from 
the excised tRNA introns that are removed by tRNA splicing 
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enzymes (27). The 3',5'‑phosphodiester linkage between the 
two termini of those excised tRNA introns generates the tRNA 
intronic circular RNA.

3. Function of circular RNAs in cancer 

Hundreds of thousands of circular RNAs have been iden-
tified through the widespread use of high‑throughput 
RNA‑sequencing technology. As mentioned above, endog-
enous circular RNAs may be classified into 4 types, and each 
type has different functions to regulate gene expression. In 
general, the functions may be divided into 4 categories: Protein 
binding, microRNA sponging, and regulation of transcription 
and protein translation. Among the four types of circular 
RNA, those with exons mainly exist in the cytoplasm, where 
they exert post‑transcriptional and translational effects, while 
circular RNAs with introns are predominantly retained in the 
nucleus, where they regulate gene transcription and splicing. 
In this chapter, the role of circular RNA in cancer with regard 
to the different functions of circular RNA is highlighted 
(Table I). 

Circular RNA sequesters micro (mi)RNA to regulate cancer 
cells. miRNAs are small non‑coding RNAs of ~21 nt in length. 
They repress the translation of mRNA via directly targeting 
their 3'‑untranslated region by base‑pairing and then triggering 
mRNA cleavage, relying on the degree of complementarity. It 
has been identified that circular RNA contains a region with a 
miRNA response element, which may act as competing endog-
enous RNA to reduce the binding between miRNA and target 
genes. The first sponge circular RNA to be characterized was 
ciRS‑7. It was determined that ciRS‑7 shares >73 binding sites 

with miRNA‑7  (28). Their binding strongly decreased the 
suppression of the downstream genes of miRNA‑7. Ectopic 
expression of ciRS‑7 significantly mimics the phenotype of 
miRNA‑7 knockdown. Therefore, it has been suggested that 
circular RNA may serve as a miRNA antagonist or miRNA 
sponge. Since then, an increasing number of circular RNA have 
been identified as having roles as miRNA sponges, including 
circHIPK3, which has been observed to bind to 9 miRNAs 
with 18 potential binding sites. Silencing of circHIPK3 but not 
HIPK3 mRNA significantly inhibits human cell growth (29). 
It may be concluded that recent evidence supports that circular 
RNA regulates various processes in cancer cells via sponging 
of miRNAs. 

The abovementioned miRNA‑7 is a well‑known tumor 
suppressor, while ciRS‑7 is able to act as a sponge for miRNA‑7 
and impair the tumor suppressive role of miRNA‑7. In gastric 
cancer, it has been identified that miRNA‑7‑induced tumor 
suppression in MGC‑803 and HGC‑27 cells may be blocked 
by ciRS‑7, leading to a more aggressive oncogenic phenotype 
via antagonizing the inactivation of miRNA‑7 mediated 
by the phosphatase and tensin homologue (PTEN)/phos-
phoinositide‑3 kinase (PI3K)/AKT pathway (30). CircPVT1 is 
a transcript that is derived from the PVT1 gene. It is upregu-
lated in gastric cancer tissue. Chen et al (31) reported that this 
transcript may promote cell proliferation by acting as a sponge 
for members of the miRNA‑125 family. CircLARP4 was 
identified to suppress the proliferation and invasion of gastric 
cancer cells. It has been indicated that circLARP4 may act as 
a sponge for miRNA‑424‑5p, which usually targets the large 
tumor suppressor kinase 1, a core part of the Hippo signaling 
pathway, which functions as a tumor suppressor in gastric 
cancer (32). 

Figure 1. Biogenesis of circular RNA. Circular RNA may be classified into four types: EcircRNA, ciRNA, eiciRNA and tricRNA. Furthermore, there are four 
mechanisms of circular RNA biogenesis: i) In pre‑mRNA splicing, RNA‑binding proteins or the ALU reverse complementary sequence bridge the two 
flanking introns and join them together, which allows the downstream 5' end to be connected to the upstream 3' end. ii) A partially folded pre‑mRNA brings 
flanking regions (contains ALU paring) of the original and non‑adjacent exon close to another exon. Subsequently, exon skipping occurs to join the ends of 
the 2 exons. iii) ciRNA is derived from the lariat intron that is excised from pre‑mRNA by the canonical splicing machinery. iv) tricRNA are generated from 
the excised tRNA introns that are removed by tRNA splicing enzymes. The 3',5'‑phosphodiester linkage between the two termini of those excised tRNA 
introns generates the tricRNA. ecircRNA, exonic circular RNA; ciRNA, intronic circular RNA; exon‑intron circular RNA, eiciRNA; tricRNA, tRNA intronic 
circular RNA.
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Table I. Potential circular RNAs in cancer therapy and determination of their functions and roles.

Circular RNA	 Cancer type	 Dysregulation	 Action	 Role	 (Refs.)

ciRS‑7	 Gastric cancer	 Upregulated	 Sponge for miR‑7	 Oncogene	 (30)
circPVT1	 Gastric cancer	 Downregulated	 Sponge for miR‑125	 Inhibits invasion, migration	 (31)
				    and angiogenesis
circLARP4	 Gastric cancer	 Downregulated	 Sponge for miR‑425‑5p	 Suppresses migration and	 (32)
				    growth
hsa_circ_0006528	 Breast cancer	 Downregulated	 Sponge for miR‑7‑5p	 Drug resistance	 (33)
circABCB10	 Breast cancer	 Upregulated	 Sponge for miR‑1271	 Promotes proliferation and	 (34)
				    suppresses apoptosis
circTCF25	 Bladder cancer	 Upregulated	 Sponge for	 Promotes proliferation and 	 (35)
			   miR‑103a‑3p/miR‑107	 migration
circHIPK3 	 Bladder cancer	 Downregulated	 Sponge for miR‑558	 Inhibits invasion, migration,	 (11)
				    and angiogenesis
circMYLK	 Bladder cancer	 Upregulated	 Sponge for miR‑29a	 Promotes tumor growth and	 (20)
				    metastasis
hsa_circ_0001564	 Osteosarcoma	 Upregulated	 Sponge for miR‑29c‑3p	 Promotes tumorigenicity	 (36)
hsa_circ_0016347	 Osteosarcoma	 Upregulated	 Sponge for miR‑214	 Promotes proliferation, 	 (37)
				    invasion and metastasis
circUBAP2	 Osteosarcoma	 Upregulated	 Sponge for miR‑2143	 Promotes growth and inhibit	 (38)
				    apoptosis
circGLI2	 Osteosarcoma	 Upregulated	 Sponge for miR‑125b‑5p	 Promotes proliferation,	 (39)
				    migration and invasion
hsa_circ_0005986	 Hepatocellular	 Downregulated	 Sponge for miR‑129‑5p	 Impedes progression	 (40)
	 carcinoma
hsa_circRNA_100338	 Hepatocellular	 Upregulated	 Sponge for miR‑141‑3p	 Promotes the metastasis of	 (42)
	 carcinoma			   hepatocellular carcinoma
				    cells
ciRS‑7	 Hepatocellular	 Upregulated	 Sponge for miR‑7	 Promotes proliferation and	 (41)
	 carcinoma			   invasion
circMTO1	 Hepatocellular	 Downregulated	 Sponge for miR‑9	 Suppresses proliferation 	 (12)
	 carcinoma			   and invasion
hsa_circ_000839 	 Hepatocellular	 Downregulated	 Probably sponge	 Suppresses proliferation 	 (43)
	 carcinoma		  for miR‑200b	 and invasion
circITCH	 Colorectal cancer	 Upregulated	 Sponge for miR‑7,  	 Promotes cancer	 (44)
			   miR‑17 and miR‑214	 progression
ciRS‑7	 Colorectal cancer	 Upregulated	 Sponge for miR‑7	 Promotes proliferation	 (19)
				    and invasion
hsa_circ_0020397	 Colorectal cancer	 Upregulated	 Sponge for miR‑138	 Promotes cancer progression	 (45)
hsa_circ_001569	 Colorectal cancer	 Upregulated	 Sponge for miR‑145	 Promotes proliferation and	 (46)
				    invasion
circCCDC66	 Colorectal cancer	 Upregulated	 Sponge for miR‑33b, 	 Promotes proliferation, 	 (47)
			   miR‑93 and miR‑185	 migration and invasion
hsa_circ_0013958 	 Lung	 Upregulated	 Sponge for miR‑134 	 Promotes proliferation and	 (48)
	 adenocarcinoma			   invasion, and inhibits
				    apoptosis
circITCH	 Lung cancer	 Upregulated	 Sponge for miR‑7, 	 Promotes cancer progression	 (49)
			   miR‑17 and miR‑214	
hsa_circ_100290	 Oral cancer	 Upregulated	 Sponge for miR‑29	 Promotes cell growth	 (50)
circTTBK2 	 Glioma	 Upregulated	 Sponge for miR‑217	 Promotes proliferation, 	 (51)
				    migration and invasion; 
				    inhibits apoptosis
hsa_circRNA_100395	 Papillary thyroid	 Upregulated	 Sponge for	 Promotes cancer progression	 (52)
	 carcinoma		  miR‑141‑3p/miR‑200a‑3p		



INTERNATIONAL JOURNAL OF MOlecular medicine  42:  1786-1798,  20181790

In breast cancer, Gao et al (33) have detected 3,093 circular 
RNAs, 18 of which are differentially expressed in adriamycin 
(ADM)‑resistant and native MCF‑7 cells. By performing quan-
titative real‑time polymerase chain reaction (qPCR) analysis, 
they identified that Homo  sapiens (hsa)_circ_0006528 is 
significantly upregulated in ADM‑resistant cancer cells. When 
the expression of hsa_circ_0006528 was interfered with by 
small inhibitory RNA, the sensitivity of breast cancer cells to 
ADM decreased significantly. At the same time, downregula-
tion of hsa_circ_0006528 was associated with an increased 
expression of miRNA‑7‑5p. This suggests a regulatory role for 
the hsa_circ_0006528/miR‑7‑5p/RAF1 axis in ADM‑resistant 
breast cancer (33). In addition, circABCB10 was reported to 
promote breast cancer proliferation and suppress apoptosis via 
acting as a sponge for miRNA‑1271 (34).

The first circular RNA defined in bladder cancer was 
circTCF25. By performing microarrays with bladder 
carcinoma, 469  circular transcripts were identified to be 
dysregulated compared with the levels in adjacent normal 
tissue. Multiple bioinformatic approaches were used to 
select circular RNAs that are involved in cancer‑associated 
pathways via interactions with miRNA. Among those dysreg-
ulated circular RNAs, circTCF25 was indicated to sequester 
miRNA‑103a‑3p/miRNA‑107. Overexpression of circTCF25 
was associated with downregulation of miRNA‑103a‑3p and 
miRNA‑107, increased expression of cyclin (CCN)‑dependent 
kinase 6 (CDK6) and increased cell proliferation and migra-
tion in vitro and in vivo. Zhong et al  (35) was the first to 
explore the interactions between circular RNA and miRNA 
in bladder cancer. Since then, further circular RNAs have 
been identified to have a regulatory role in bladder cancer 

via acting as a sponge for miRNAs. In bladder cancer tissues 
and cell lines, circHIPK3 is significantly downregulated and 
negatively correlates with the tumor grade and tumor cell 
invasion as well as lymph node metastasis. Overexpression of 
circHIPK3 effectively inhibits invasion, migration and angio-
genesis of bladder cancer cells in vitro, and suppresses bladder 
cancer growth and metastasis in vivo. In addition, it has been 
identified that circHIPK3 contains two critical binding sites 
for miRNA‑558, which are able to abundantly sequester 
miRNA‑558 and suppress the expression of the miRNA‑558 
target heparanase (11). CircMYLK and VEGFA were reported 
to be significantly upregulated in bladder cancer. Upregulation 
of circMYLK accelerated cell proliferation, migration and 
tube formation, and caused a rearrangement of the cytoskel-
eton of bladder cancer cells, while at the same time promoting 
the growth, angiogenesis and metastasis of bladder cancer 
xenografts in vitro and in vivo. By contrast, knockdown of circ-
MYLK decreased cell proliferation and motility, and induced 
apoptosis. Furthermore, upregulation of circMYLK promoted 
epithelial‑mesenchymal transition. These results suggest that 
circMYLK has an important role in bladder carcinogenesis. 
To further elucidate the underlying mechanism, it has been 
indicated that circMYLK directly binds to miRNA‑29a and 
attenuate the suppression of its target VEGFA, which promotes 
cancer progression through activation of VEGFA/VEGFR2 
and the downstream Ras/extracellular signal‑regulated kinase 
pathway (20). 

One of the most significantly overexpressed circular RNAs 
in osteosarcoma is hsa_circ_001564. It has been reported 
that knockdown of hsa_circ_001564 expression significantly 
suppressed the cell proliferation, induced cell‑cycle arrest 

Table I. Continued.

Circular RNA	 Cancer type	 Dysregulation	 Action	 Role	 (Refs.)

circHIAT1	 Renal cancer	 Upregulated	 Sponge for 	 Enhances migration and	 (53)
			   miR‑195‑5p/29a‑3p/29c‑3p	 invasion
circITCH	 Esophageal squamous	 Upregulated	 Sponge for miR‑7, 	 Promotes cancer progression	 (54)
	 cell carcinoma		  miR‑17 and miR‑214
circFBXW7	 Glioma	 Downregulated	 Protein coding	 Impedes proliferation and	 (57)
				    induces cell cycle arrest
circFoxo3	 Cancer, especially	 Downregulated	 Interaction with p53, 	 Triggers apoptosis and	 (59)
	 breast cancer		  MDM2 and Foxo3	 promotes tumorigenesis
circZKSCAN1	 Hepatocellular	 Downregulated	 Cooperation with	 Represses cancer progression 	 (60)
	 carcinoma		  ZKSCAN1 mRNA
hsa_circ_0067934	 Esophageal squamous	 Upregulated	 Unknown	 Promotes cell growth	 (61)
	 cell carcinoma			 
circZNF292	 Glioma	 Upregulated	 Unknown	 Promotes proliferation,	 (62)
				    migration and invasion; 
				    inhibits apoptosis
circAmotl1 	 Cancer 	 Upregulated	 Induction of c‑Myc	 Promotes tumorigenesis	 (63)
			   nuclear translocation
circBANP	 Colorectal cancer	 Upregulated	 Unknown	 Promotes gastric cancer cell	 (65)
				    growth and migration	

Foxo3, forkhead box O3; ZKSCAN1, zinc finger with KRAB and SCAN domains 1; miR, microRNA; hsa, Homo sapiens.
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in G0/G1 phase and promoted apoptosis in osteosarcoma 
cell lines  (36). A bioinformatics analysis indicated that 
hsa_circ_0001564 shares 7 complementary binding regions 
with miRNA‑29c‑3p. Ectopic expression of miRNA‑29c‑3p 
expression significantly reversed the oncogenic effect of 
hsa_circ_001564. This result indicates that hsa_circ_0001564 
acts as a miRNA‑29c‑3p sponge to mediate tumorigenicity in 
osteosarcoma (36). In addition, hsa_circ_0016347, circUBAP2 
and circGLI2 all have oncogenic roles in osteosarcoma. It 
has been demonstrated that hsa_circ_0016347 promotes 
proliferation, invasion and metastasis of osteosarcoma cells 
via sponging miRNA‑214 and upregulating the expression of 
caspase‑1 (37). CircUBAP2 promotes the growth and reduces 
the apoptotic rate of osteosarcoma cells via inhibiting the 
expression of miRNA‑143, thus enhancing the expression and 
function of anti‑apoptotic B‑cell lymphoma 2 (Bcl‑2), which is 
a direct target of miR‑143 (38). In addition, circGLI2 promotes 
osteosarcoma cell proliferation, migration and invasion by 
targeting miRNA‑125b‑5p (39). 

In hepatocellular carcinoma, hsa_circ_0005986 functions 
as a miRNA sponge to repress tumorigenesis. The expression 
levels of hsa_circ_0005986 in hepatocellular carcinoma tissues 
were reported to be significantly lower than those in adjacent 
non‑tumorous tissues. Furthermore, downregulation of 
hsa_circ_0005986 liberates miRNA‑129‑5p and decreases the 
expression levels of the miRNA‑129‑5p‑targeted gene Notch1, 
thus accelerating cell proliferation by promoting the G0/G1 to 
S phase transition (40). ciRS‑7 expression is also upregulated 
in hepatocellular carcinoma. It has been reported that circ‑7 
promotes the proliferation and invasion of hepatocellular 
carcinoma cells through targeting miRNA‑7, which directly 
increases CCNE1 and PI3K catalytic subunit δ expression. 
These data suggested that circ‑7 acts as an oncogene partly 
through targeting miRNA‑7 in hepatocellular carcinoma (41). 
hsa_circRNA_100338 has also been indicated to be upregu-
lated in hepatocellular carcinoma. It acts as an endogenous 
sponge for miRNA‑141‑3p to promote the metastasis of hepa-
tocellular carcinoma cells (42). By contrast, circMTO1 acts as 
a sponge for miRNA‑9 to suppress hepatocellular carcinoma 
proliferation and invasion via promoting p21 expression (12). 
hsa_circ_000839 is another circular RNA that has been 
identified to be expressed at high levels in hepatocellular carci-
noma, but its function remains elusive. Ras homolog family 
member A (RhoA) is a direct target of miRNA‑200b. Binding 
with miRNA‑200b impacts the invasion and migration of 
hepatocellular carcinoma cells, which is initiated by RhoA. 
RhoA is positively correlated with hsa_circ_000839, but 
inversely correlated with miRNA‑200b. However, the correla-
tion between hsa_circ_000839 and miRNA‑200b is negative. 
This suggests that miRNA‑200b mediates the association 
between the RhoA gene and hsa_circ_000839 through endog-
enous competition (43). Further study is required to validate 
the role of hsa_circ_000839 in hepatocellular carcinoma and 
to verify the sponging function of hsa_circ_000839. 

In colorectal cancer, circITCH expression is usually low 
compared with that in the peritumoral tissue. CircITCH has 
a sponging action on miRNA‑7, miRNA‑17 and miRNA‑214, 
which in turn increases the level of the target of these miRNAs, 
ITCH. ITCH is a major protein in the Wnt/β‑catenin pathway 
that has a significant role in cancer progression. While 

phosphorylation of dishevelled segment polarity protein 2 
(Dvl2) is required for Wnt signaling stabilization, hyperex-
pression of ITCH promotes the ubiquitination and degradation 
of phosphorylated Dvl2, thereby inhibiting the Wnt/β‑catenin 
pathway. Hence, these results indicate that circITCH may have 
an inhibitory effect on colorectal cancer by regulating the Wnt 
pathway (44). Similarly, Weng et al (19) reported that ciRS‑7 
may be a potential miRNA‑7 sponge in colorectal cancer. It has 
been indicated that elevated ciRS‑7 levels in colorectal cancer 
may act as a sponge for miRNA‑7, thus directly impairing the 
tumor‑suppressive effect of miRNA‑7. Sponging of miRNA‑7 
then leads to the activation of the genes downstream of its 
target, including as EGFR and RAF1 oncogenes, which finally 
contribute to a more malignant phenotype  (19). Another 
circular RNA, hsa_circ_0020397, is upregulated in colorectal 
cancer cells and promotes cancer progression via sponging of 
certain miRNAs. It has been indicated that hsa_circ_0020397 
promotes the cell viability and invasion of colorectal cancer 
cells and inhibits their apoptosis by enhancing the expression 
of the miRNA‑138 targets telomerase reverse transcriptase and 
programmed death ligand 1 (45). hsa_circ_001569 was also 
reported to be upregulated in colorectal cancer, acting as a 
positive regulator in cell proliferation and invasion of colorectal 
cancer cells by acting as a sponge for miRNA‑145, which in 
turn upregulates functional targets of miRNA‑145, namely 
E2F5, Bcl2‑associated athanogene 4 and formin‑like 2 (46). 
circCCDC66 has also been proven to control multiple patho-
logical processes in colon cancer, including cell proliferation, 
migration, invasion and anchorage‑independent growth. It 
has been indicated that circCCDC66 acts as a sponge on 
miRNA‑33b, miRNA‑93 and miRNA‑185 via 93 binding 
sites. In addition, it protects oncogenes, including DNA meth-
yltransferase 3 β, enhancer of zeste 2 polycomb repressive 
complex 2 subunit, MYC and Yes‑associated protein 1 from 
miRNA attack (47). Taken together, these results highlight the 
potential oncogenic role of circular RNA in cancer progres-
sion and metastasis. 

In addition, in other types of cancer, circular RNA has also 
been indicated to have a significant role. In lung adenocar-
cinoma, hsa_circ_0013958 is upregulated and promotes cell 
proliferation and invasion, while inhibiting cell apoptosis. It 
has been indicated that hsa_circ_0013958 acts as a sponge 
on miRNA‑134, and thus upregulates CCND1, a target of 
the oncogenic miRNA‑134 that has a pivotal role in the 
development of lung adenocarcinoma (48). Furthermore, as in 
colorectal cancer, circITCH has also been proven to have a 
tumor suppressor role in lung cancer. A previous study indi-
cated that circITCH acts as sponge for oncogenic miRNA‑7 
and miRNA‑214 to enhance the expression of Itchy E3 ubiq-
uitin protein ligase (ITCH) and thus suppress the activation of 
Wnt/β‑catenin signalling (49). In oral cancer, hsa_circ_100290 
promoted cell growth via sponging of miRNA‑29, which 
liberated CDK6 expression (50). CircTTBK2 is upregulated 
in glioma tissues and cell lines. Enhanced expression of 
circTTBK2 promotes cell proliferation, migration and inva-
sion, while inhibiting apoptosis. miRNA‑217 is downregulated 
in glioma tissues and cell lines. It has been reported that 
circTTBK2 acts as a miRNA‑217 sponge, thus downregu-
lating the expression of HNF1 homeobox B, a direct target of 
miRNA‑217. This suggests that circTTBK2 has an oncogenic 
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role in glioma cells (51). In human papillary thyroid carcinoma, 
hsa_circRNA_100395 is one of the downregulated circular 
RNAs. It has been identified that hsa_circRNA_100395 targets 
miRNA‑141‑3p/miRNA‑200a‑3p, thus leading to dysregulation 
of 7 cancer‑associated genes: E2F3, glutaminase, CCND2, 
PTEN, CCNG1, cell division cycle (CDC)25B and zinc 
finger protein, FOG family member 2. These results indicate 
that hsa_circRNA_100395 is important in the pathogenesis 
of human papillary thyroid carcinoma, but further study is 
required to elucidate its function and mechanism of action 
on miRNA‑141‑3p/miRNA‑200a‑3p  (52). In renal cancer, 
circHIAT1 is downregulated. Wang et al (53) indicated that 
circHIAT1 participates in androgen receptor (AR)‑mediated 
tumor progression. In clear‑cell renal cell carcinoma, AR 
suppressed circHIAT1 expression via regulating the expression 
of HIAT1, the host of circHIAT1, at the transcriptional level. 
CircHIAT1 acts as a sponge for miRNA‑195‑5p/29a‑3p/29c‑3p 
and increases the expression of the miRNA‑targeted gene 
CDC42 to enhance the migration and invasion of clear‑cell 
renal cell carcinoma cells. Targeting AR directly leads to 
the activation of circHIAT1, which ultimately suppresses 
cancer progression. Taken together, these results suggest that 
circHIAT1 serves as an inhibitor of metastasis via suppressing 
AR‑mediated migration and invasion of clear‑cell renal cell 
carcinoma cells. In esophageal squamous cell carcinoma, 
circITCH has been proven to suppress cancer progression 
via the same mechanisms as in colorectal and lung cancer. 
CircITCH acts as a sponge for oncogenic miRNA‑7 and 
miRNA‑214 to enhance ITCH expression and thus suppress 
the activation of Wnt/β‑catenin signalling (54).

Circular RNAs that may be translated into proteins to 
regulate cancer cells. Most circular RNAs arise from the 
protein‑coding regions of genes. Although circular RNAs have 
been categorized as a non‑coding RNAs, recent studies have 
indicated that certain circular RNAs may be translated into 
proteins in eukaryotic cells. Wang et al (55) first reported on 
the presence of consensus N6‑methyladenosine (m6A) motifs 
that are enriched in circular RNA. In addition, only a single 
m6A site is sufficient to initiate translation in human cells. 
Two years later, a study by the same group demonstrated that 
the m6A‑driven translation of circular RNAs is extensive and 
that circular RNA translation requires the participation of the 
m6A reader YTH N6‑methyladenosine RNA binding protein 
3 and the translation initiation factors eukaryotic translation 
initiation factor (eIF) 4 γ 2 and eIF 3 subunit A (56). This 
discovery extends the current awareness of the functions of 
circular RNAs and suggests their potential role in regulating 
gene expression. In human cancer, circFBXW7 was the first 
circular RNA to be defined as encoding for protein. It has 
been reported that circFBXW7 is abundantly expressed in the 
normal human brain and encodes for a 21‑kDa protein termed 
F‑box and WD repeat domain containing 7 (FBXW7)‑185aa. 
It has been indicated that the levels of circ‑FBXW7 and 
FBXW7‑185aa were significantly reduced in glioblastoma 
compared with the levels in paired tumor‑adjacent samples. 
Upregulation of FBXW7‑185aa impedes cell proliferation and 
induces cell cycle arrest, while FBXW7‑185aa knockdown 
contributes to more malignant phenotypes in vivo and in vitro. 
Furthermore, FBXW7‑185aa is able to reduce the half‑life 

of c‑Myc via antagonizing ubiquitin‑specific peptidase 
28‑induced c‑Myc stabilization (57). This research further 
validates the phenomenon that endogenous circular RNA may 
be translated into protein in human cells. 

Circular RNAs that regulate cancer via protein‑binding 
patterns. Despite the above studies demonstrating that circular 
RNAs act as microRNA sponges and are able to encode for 
proteins, other biological functions of circular RNAs in cancer 
remain largely elusive. Previously, circFoxo3 was reported to 
cause cell cycle arrest by binding with cell cycle protein CDK2 
and CDK inhibitor 1 or p21, resulting in the formation of a 
ternary complex. In general, CDK2 facilitates cell cycle entry 
via interacting with CCNA and CCNE, while p21 inhibits 
these interactions and induces cell cycle arrest. Hence, the 
ternary complex formed by the circFoxo3‑p21‑CDK2 inter-
action interrupts the function of CDK2 and then blocks cell 
cycle progression. This result, for the first time, put forward 
the protein‑binding potential of circular RNA (58). Later, a 
similar protein‑binding pattern was also identified in human 
cancer. Du et al (59) demonstrated this in a panel of human 
cancer samples and cancer cells. They reported that circFoxo3 
was minimally expressed in human cancer, particularly breast 
cancer. During cancer cell apoptosis, circFoxo3 expression 
was significantly elevated. Silencing of endogenous circ‑Foxo3 
expression enhanced cancer cell viability, whereas induction 
of ectopic circ‑Foxo3 triggered stress‑induced apoptosis and 
inhibited tumor xenograft growth. Furthermore, it has been 
indicated that circFoxo3 increased the level of forkhead 
box (Fox)o3 protein but repressed that of p53. MDM2 has a 
significant role in repressing apoptosis via repression of the 
expression of Foxo3, p53 and the Foxo3 downstream molecule 
p53 upregulated modulator of apoptosis (Puma). In addition, 
circFoxo3 has been identified to exert its function through 
binding with MDM2, p53 or their complex. By binding to 
MDM2 and p53 together, circFoxo3 promotes the ubiquitina-
tion of p53 induced by MDM2 and subsequently leads to p53 
degradation. In addition, due to the lower binding affinity 
between Foxo3 and circFoxo3, circFoxo3 prevents Foxo3 
ubiquitination and degradation induced by MDM2 binding, 
resulting in increased levels of Foxo3 protein and expression 
of its downstream molecule Puma. This in turn promotes cell 
apoptosis (59).

Roles of other circular RNAs in cancer. hsa_circ_0067934 is 
upregulated in esophageal squamous cell carcinoma. In vitro 
silencing of hsa_circ_0067934 inhibits the proliferation and 
migration of esophageal squamous cell carcinoma cells and 
blocks cell cycle progression (60). CircZNF292 has a critical 
role in the progression of human glioma. It has been identi-
fied that silencing of circZNF292 significantly suppresses 
tube formation by inhibiting cell proliferation and inducing 
cell cycle arrest (61). Yang et al (62) reported that circAmotl1 
promotes tumorigenesis by inducing the nuclear translocation 
of c‑Myc. CircAmotl1 is highly expressed in cancer. Ectopic 
expression of circAmotl1 increases the retention of nuclear 
c‑Myc, which is then able to enhance the stability of c‑Myc 
and upregulate the targets of c‑Myc by increasing the affinity 
between c‑Myc and the promoter of its targets. CircBANP 
is overexpressed in colorectal cancer tissues. Knockdown 
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of circBANP significantly attenuates colorectal cancer cell 
proliferation (63). Furthermore, hsa_circ_0000096 is signifi-
cantly downregulated in gastric cancer tissues and cell lines, 
and is able to promote gastric cancer cell growth and migra-
tion by regulating CCND1, CDK6, matrix metalloproteinase 
(MMP)‑2 and MMP‑9 (64). In hepatocellular carcinoma, circ-
ZKSCAN1 expression is significantly lower compared with 
that in matched adjacent normal tissues. It has been indicated 
that decreased levels of CircZKSCAN1 are only associated 
with tumor size. Silencing of zinc finger with KRAB and 
SCAN domains 1 (ZKSCAN1) mRNA and circZKSCAN1 
together promotes the proliferation, migration and invasion 
of hepatocellular carcinoma cells, while overexpression of 
ZKSCAN1 mRNA and circZKSCAN1 represses the progres-
sion of hepatocellular carcinoma cells in vivo and in vitro. 
However, these effects were not present if only one of the two 
molecules was silenced. In addition, circZKSCAN1 is thought 
to mediate several cancer‑associated signaling pathways, while 
ZKSCAN1 mRNA mainly regulates cellular metabolism. 
Hence, these results revealed that the two post‑translational 
products (ZKSCAN1 mRNA and circZKSCAN1) may coop-
erate closely to regulate the growth, migration and invasion of 
hepatocellular carcinoma cells (65). It is therefore suggested 
that circular RNAs hold the potential to be applied as novel 
therapeutic targets in cancer. 

4. Circular RNAs as potential biomarkers in cancer

Except for the above biological function of circular RNAs 
in cancer, an increasing number of circular RNAs have 
been identified as potential biomarkers in cancer. Certain 
biomarkers are present in plasma, while others are detected in 
tissues. To further clarify the role of circular RNAs in cancer, 
studies indicating that circular RNAs may be able to serve as 
biomarkers in cancer are further discussed below (Table II).

Plasma‑based diagnostic biomarkers. Based on data from 
plasma samples from gastric cancer patients, hsa_circ_0000745 
is downregulated in patients with gastric cancer compared with 
that in healthy control individuals. It has been reported that 
the plasma levels of hsa_circ_0000745 are correlated with the 
tumor‑node‑metastasis stage with an area under the receiver 
operating characteristic curve (AUC) of 0.683. At the same 
time, combination of the plasma hsa_circ_0000745 levels with 
the carcinoembryonic antigen (CEA) levels increased the AUC 
to 0.775. These results suggest that hsa_circ_0000745 may be 
used as a potential diagnostic biomarker for gastric cancer (66). 
In addition, hsa_circ_0001649 is significantly downregulated 
in gastric cancer tissues compared with that in paired adja-
cent normal tissues. However, in serum, hsa_circ_0001649 is 
significantly upregulated after surgery. The AUC in the study 
was 0.834, which suggests that hsa_circ_0001649 holds poten-
tial value as a diagnostic biomarker (67). hsa_circ_0000190 
is also downregulated in gastric cancer tissues and plasma 
samples. The expression levels of hsa_circ_0000190 are 
significantly correlated with the tumor diameter, lymphatic 
metastasis, distal metastasis, tumor‑nodes‑metastasis (TNM) 
stage and carbohydrate antigen (CA)19‑9 levels in gastric 
cancer. The AUC for hsa_circ_0000190 in tissues and plasma 
reached 0.75 and 0.60, respectively. When combining tissue 

and plasma levels, the sensitivity and specificity reached 
0.712 and 0.750, respectively, and at the same time, the AUC 
increased to 0.775 (68). Furthermore, hsa_circ_0014717 was 
reported to be significantly downregulated in 77.2% of gastric 
cancer tissues. Its levels in gastric cancer tissues are associated 
with the tumor stage, distal metastasis, and the tissue levels 
of CEA and CA19‑9. More importantly, hsa_circ_0014717 
may stably exist in human gastric juice, which suggests that 
it may serve as a potential human fluid biomarker. Hence, 
further study is urgently required to elucidate the role of 
hsa_circ_0014717 in gastric juice in predicting the clinical 
features of gastric cancer (16).

Tissue‑based diagnostic biomarkers. The hsa_circ_0004018 
levels in hepatocellular carcinoma tissue are significantly 
lower than those in para‑tumorous tissue. It has been suggested 
that hsa_circ_0004018 levels are correlated with the serum 
α‑fetoprotein (AFP) levels, tumor diameter, differentiation, 
the Barcelona Clinic Liver Cancer (BCLC) stage and the 
TNM stage. At the same time, comparison of the levels of 
hsa_circ_0004018 among hepatocellular carcinoma and 
para‑tumorous tissues, as well as liver tissues from patients 
with chronic hepatitis, indicates a diagnostic value for 
hsa_circ_0004018 with an AUC of 0.848 and a sensitivity and 
specificity of 0.716 and 0.815, respectively (69). Similarly, hsa_
circ_0005986 is downregulated in hepatocellular carcinoma. 
Its low expression has been proven to be correlated with a family 
history of chronic hepatitis B, tumor diameter, microvascular 
invasion and BCLC stage (40). By contrast, hsa_circ_0005075 
has been reported to be significantly upregulated in hepato-
cellular carcinoma. Elevated hsa_circ_0005075 expression 
correlates with the tumor size of hepatocellular carcinoma 
and has a good diagnostic potential, with an AUC  of 0.94 (70). 
CiRS‑7 is significantly elevated in hepatocellular carcinoma. 
In patients with ‘an age of <40 years, serum AFP ≥400 ng/µl 
and hepatic microvascular invasion’, a high correlation with 
the expression of ciRS‑7 was identified with a cut‑off value of 
0.135 ng/ml (71). In addition, hsa_circ_0001649 expression is 
also significantly downregulated in hepatocellular carcinoma 
with an AUC of 0.63. Its expression is correlated with tumor 
size and the occurrence of tumor embolus (72).

In colorectal cancer, Zhang  et  al  (73) reported that 
hsa_circRNA_103809 and hsa_circRNA_104700 levels 
were significantly decreased compared with those in normal 
tissues. Lower expression of hsa_circRNA_103809 was 
identified as a significant predictive factor of lymph node 
metastasis, TNM stage and distal metastasis. The AUCs 
for hsa_circRNA_103809 and hsa_circRNA_104700 were 
0.699 and 0.616, respectively. Although their AUCs appear 
not to be very good currently, the above data does indicate 
that hsa_circRNA_104700 and hsa_circRNA_103809 could 
serve as biomarkers for the diagnosis of colorectal cancer (73). 
Therefore, enlarging the testing samples is required to 
furtherly evaluate the potential role of hsa_circRNA_104700 
and hsa_circRNA in cancer diagnosis. 

In acute myeloid leukemia (AML), hsa_circ_0004277 
is downregulated, and its levels may be used to distinguish 
individuals with AML from healthy individuals with an AUC 
of 0.957. In addition, hsa_circ_0004277 displays dynamic 
expressional changes according to the progressive stage of 
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Table II. Circular RNAs with potential as biomarkers in cancer.

Circular RNA	 Cancer type	 Dysregulation	 Utility	 Correlated or predicted parameter	 Sample	 (Refs.)

hsa_circ_0000745	 Gastric cancer	 Downregulated	 Diagnosis	 Node metastasis	 Plasma	 (66)
hsa_circ_0001649	 Gastric cancer	 Downregulated	 Diagnosis		  Plasma	 (67)
hsa_circ_0000190 	 Gastric cancer	 Downregulated	 Diagnosis	 Tumor diameter, lymphatic	 Plasma	 (68)
				    metastasis, distal metastasis, 
				    TNM stage and CA19‑9 levels
hsa_circ_0014717	 Gastric cancer	 Downregulated	 Diagnosis	 Tumor stage, distal metastasis, 	 Gastric	 (16)
				    tissue carcinoembryonic antigen	 juice
				    and CA19‑9 expression
hsa_circ_0004018	 Hepatocellular 	 Downregulated	 Diagnosis	 Serum AFP level, tumor diameter, 	 Tissue	 (69)
	 carcinoma			   differentiation, BCLC stage and
				    TNM stage
hsa_circ_0005986	 Hepatocellular 	 Upregulated	 Diagnosis	 Chronic hepatitis B family history, 	 Tissue	 (40)
	 carcinoma			   tumor diameter, microvascular
				    invasion and BCLC stage
 hsa_circ_0005075	 Hepatocellular 	 Downregulated	 Diagnosis	 Tumor size	 Tissue	 (70)
	 carcinoma		
ciRS‑7	 Hepatocellular 	 Upregulated	 Diagnosis	 Age <40 years, serum AFP	 Tissue	 (71)
	 carcinoma			   ≥400 ng/µl and hepatic
				    microvascular invasion
hsa_circ_0001649	 Hepatocellular 	 Downregulated	 Diagnosis	 Tumor size and occurrence of 	 Tissue	 (72)
	 carcinoma			   tumor embolus	
hsa_circRNA_103809	 Colorectal cancer	 Downregulated	 Diagnosis	 Lymph node metastasis, 	 Tissue	 (73)
				    TNM stage and distal metastasis
hsa_circRNA_104700	 Colorectal cancer	 Downregulated	 Diagnosis	 Lymph node metastasis, TNM	 Tissue	 (73)
				    stage and distal metastasis
hsa_circ_0004277	 Acute myeloid	 Downregulated	 Diagnosis	 Distinguishing individuals with	 Tissue	 (74)
	 leukemia			   cancer from healthy individuals
hsa_circ_0013958	 Lung	 Upregulated	 Diagnosis	 Distinguishing TNM III‑IV 	 Tissue	 (48)
	 adenocarcinoma			   vs. TNM I‑II
hsa_circ_0067934	 Esophageal	 Upregulated	 Diagnosis	 Poor differentiation	 Tissue	 (61)
	 squamous cell				  
	 carcinoma
hsa_circ_006054, 	 Breast cancer	 Upregulated	 Diagnosis	 Combined together to	 Tissue	 (75)
hsa_circ_100219 and				    distinguish individuals with cancer
hsa_circ_406697				    from healthy individuals
circMTO1	 Hepatocellular	 Downregulated	 Prognosis	 Poor overall survival	 Tissue	 (12)
	 carcinoma		
circFBXW7	 Glioblastoma	 Downregulated	 Prognosis	 Increased overall survival	 Tissue	 (57)
circRNA_100338	 Hepatocellular	 Downregulated	 Prognosis	 Increased overall survival, 	 Tissue	 (42)
	 carcinoma			   determination of metastasis and	
				    tumor grades
hsa_circ_0006633	 Gastric cancer	 Upregulated	 Diagnosis	 Distal metastasis and tissue	 Tissue	 (76)
				    carcinoembryonic antigen level
hsa_circ_0058246 	 Cancer	 Upregulated	 Diagnosis	 Lymph node metastasis and	 Tissue	 (77)
				    recurrence
circPVT1	 Gastric cancer	 Upregulated	 Prognosis	 Late T‑stage (T4) tumors and 	 Tissue	 (31)
				    positive neural invasion, shorter
				    overall survival
ciRS‑7 	 Colorectal cancer	 Upregulated	 Prognosis	 Poorer overall survival	 Tissue	 (19)

hsa, Homo sapiens; BCLC, Barcelona Clinic Liver Cancer; AFP, α‑fetoprotein; CA19‑9, carbohydrate antigen 19‑9; TNM, tumor‑nodes‑metastasis. 
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AML. Compared with the levels in healthy controls, lower 
levels of hsa_circ_0004277 have been identified in newly 
diagnosed AML patients without prior treatment. No signifi-
cant differences in hsa_circ_0004277 levels were detected 
between those patients who achieved complete remission 
and the healthy controls, which indicates that the treatment 
restores hsa_circ_0004277 expression. However, in relapsed 
or refractory patients, downregulated hsa_circ_0004277 
expression is observed again. Hence, these results suggest that 
hsa_circ_0004277 has a promising potential to assist with the 
diagnosis and follow‑up of AML patients (74).

Circular RNA also has a promising role as a diagnostic 
biomarker in other types of cancer. In lung adenocarcinoma, 
it has been indicated that the expression of hsa_circ_0013958 
is highly associated with TNM stage III/IV compared with 
TNM stage I/II, with an AUC of 0.874 and with a sensitivity 
and specificity of 0.762 and 0.857, respectively. In addition, in 
plasma, the AUC is 0.794, and the sensitivity and specificity 
are 0.667 and 0.933, respectively. These results indicate a 
promising potential for hsa_circ_0013958 in the diagnosis 
of lung adenocarcinoma (48). In esophageal squamous cell 
carcinoma, hsa_circ_0067934 is significantly overexpressed 
compared with its levels in paired adjacent normal tissues. It 
has been reported that higher levels of hsa_circ_0067934 are 
significantly associated with poor differentiation of esopha-
geal squamous cell carcinoma patients, which suggests that 
hsa_circ_0067934 represents a novel potential diagnostic 
biomarker for esophageal squamous cell carcinoma (60). In 
breast cancer, hsa_circ_006054, hsa_circ_100219 and hsa_
circ_406697 are downregulated compared with those in the 
adjacent non‑tumorous tissue. The combined expression levels 
of hsa_circ_006054, hsa_circ_100219 and hsa_circ_406697 
have a distinguished potential for breast cancer diagnosis, with 
an AUC of 0.82 (75). 

Tissue‑based prognostic biomarkers. The expression of 
circMTO1 is significantly decreased in hepatocellular 
carcinoma tissues when compared with that in matched 
non‑tumorous tissues. A Kaplan‑Meier survival curve 
analysis suggested that a decreased circMTO1 expression is 
correlated with a shortened survival of patients. In addition, 
76.89 ng/ml the cut‑off value of circMTO1 may be used as 
an efficient prognostic indicator of poor survival in hepatocel-
lular carcinoma patients (12). The ability of circFBXW7 to 
encode for protein was mentioned above. Compared with the 
levels in adjacent normal brain tissues, circ‑FBXW7 expres-
sion is significantly lower in glioblastoma tissues. However, 
in glioblastoma patients, it has been indicated that elevated 
levels of circFBXW7 are associated with an increased total 
survival time compared with lower circ‑FBXW7 expression. 
The median survival time in the higher circFBXW7 expres-
sion group was 24.2 months, compared with 11.7 months in the 
group with lower circFBXW7 expression (57). This suggests a 
novel potential role for circFBXW7 in the prognosis of glio-
blastoma. CircRNA_100338 is upregulated in hepatocellular 
carcinoma. As mentioned above, circRNA_100338 promotes 
cancer metastasis via sequestering miRNA‑141. A clinical 
study has identified that hepatocellular carcinoma patients 
with lower circRNA_100338 levels had survival rates of 72.0% 
compared with 42.9% in patients with higher circRNA_100338 

levels. Furthermore, they also indicated that the expression of 
circRNA_100338 was not associated with age or sex but was 
significantly correlated with numerous clinicopathological 
parameters of metastasis, including the TNM stage, vascular 
invasion and lung metastasis. These results indicate that 
circRNA_100338 affects the survival rate of hepatocellular 
carcinoma patients by regulating cancer metastasis (42).

sa_circ_0006633 is downregulated in 79.2% of gastric 
cancer tissues compared with those in adjacent non‑tumorous 
tissues. Downregulation of hsa_circ_0006633 is positively 
associated with distal metastasis and tissue CEA levels (76). 
hsa_circ_0058246 is elevated in tumor specimens from 
patients, particularly those with lymph node metastasis and 
recurrence  (77). As mentioned above, circPVT1 acts as a 
sponge for miRNA‑125 to promote cell proliferation in gastric 
cancer. Chen et al (31) indicated that lower levels of circPVT1 
are a significant predictive factor for late T‑stage (T4) tumors 
and neural invasion. In addition, compared with the patients 
with higher levels of circPVT1, patients with lower levels of 
circPVT1 exhibited significantly shorter overall survival, with 
a median survival of 20 vs. 46 months, and shorter progres-
sion‑free survival, with a median survival of 17 vs. 36 months. 
In colorectal cancer, ciRS‑7 has emerged as an independent 
risk factor for overall survival. Overexpression of ciRS‑7 was 
associated with poorer patient survival (P=0.0224 and 0.0061 
in the training and validation cohorts, respectively), which 
suggest that higher ciRS‑7 levels in colorectal cancer predict 
poorer overall survival (19).

In a word, circular RNAs serve as novel biomarkers 
that may be used in cancer screening based on non‑invasive 
biomarker detection. Unlike other biomarkers, circular RNAs 
have advantages including greater specificity and sensitivity 
and higher abundance, while they are just as accessible for 
detection. Of note, some studies have reported that the AUC 
and the specificity/sensitivity for circular RNA as a biomarker 
in cancer were quite poor, however, with regard to its highly 
stability, circular RNAs could be used in addition to or in 
combination with other markers to enhance the accuracy 
and/or capacity of diagnosis and prognosis. 

5. Perspectives

Although circular RNA has been known for 3 decades, it 
was not until the last 3 years that researchers have begun 
to focus on this type of RNA. Circular RNAs are abundant 
and conserved endogenous RNAs. Despite being transcribed 
from the same gene locus, circular RNA is expressed more 
abundantly in cells than the linear form. Circular RNAs have 
been proven to exhibit tissue or cell type specificity and may 
regulate cell behavior through multiple pathways. In cancer, 
numerous studies have indicated that circular RNA may serve 
as a potential biomarker and therapeutic target. 

It has been demonstrated that differential expression of 
certain circular RNA has the capacity to predict the clinical 
outcomes of cancer patients. For instance, ciRS‑7 and circHIPK3 
are able to predict the tumor grade, metastasis and drug resis-
tance of cancer patients, while other circular RNAs, including 
circFBXW7, circMTO1 and ciRS‑7 are prognostic indicators 
with the ability to predict parameters including overall survival 
and recurrence. In spite of the numerous advantages of circular 
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RNAs as biomarkers in cancer, several drawbacks, which make 
the application of circular RNA difficult at present, still require 
addressing. First, studies regarding circular RNA as biomarkers 
in cancer have mostly assessed one single circular RNA with 
hundreds rather than thousands of samples. Thus, it is more 
difficult to estimate the potential of certain circular RNAs to 
serve as biomarkers in cancer. To improve this, studies on the 
ability of multiple circular RNAs to comprehensively analyze 
the general situation in human patients are required. In future 
studies, an increased sample size is also desirable. Furthermore, 
most studies performed qPCR to compare the expression of 
circular RNAs between cancerous and normal tissue. Tissue 
is a complex and consists of multiple cell types; hence, qPCR 
on tissue samples may not accurately reflect the expression of 
circular RNA in cancer cells or normal cells, as cancer cells 
with decreased expression of circular RNA may be diluted by 
adjacent cells with an increased expression to thereby falsify 
the results. In situ hybridization is a procedure that intuitively 
reflects the real level of circular RNA expression in cancer cells 
within a tissue. Hence, in situ hybridization experiments are 
urgently required to further verify the differential expression of 
further circular RNAs in cancer. 

Furthermore, circular RNA has 4  major functions in 
cancer: Protein binding, microRNA sponging, and regulation 
of transcription and protein translation. It has been suggested 
that circular RNA regulates carcinogenesis and cancer 
progression via these 3 processes. Aberrant expression of 
circular RNA directly interferes with the biological features of 
cancer cells, including their proliferation, cell cycle, apoptosis 
and metastasis. Hence, these results indicate that circular RNA 
may serve as a potential therapeutic target in cancer. However, 
as only few circular RNAs have been identified, targeting 
the known circular RNAs is not sufficient to control the 
entire intracellular change. In addition, interference with one 
circular RNA may potentially cause cellular changes beyond 
the intended one. Therefore, prior to using circular RNA as 
a therapeutic target in cancer, further studies are required 
elucidate their role in cancer and to identify additional circular 
RNAs with a role in cancer. 
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