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Circular RNAs (circRNAs) are recently regarded as a naturally forming family of widespread
and diverse endogenous noncoding RNAs (ncRNAs) that may regulate gene expression in
mammals. At present, above 30000 circRNAs have already been found, with their unique
structures to maintain stability more easily than linear RNAs. Several previous literatures
stressed on the important role of circRNAs, whose expression was relatively correlated with
patients’ clinical characteristics and grade, in the carcinogenesis of cancer. CircRNAs are
involved in many regulatory bioprocesses of malignance, including cell cycle, tumorigene-
sis, invasion, metastasis, apoptosis, vascularization, through adsorbing RNA as a sponge,
binding to RNA-binding protein (RBP), modulating transcription, or influencing translation.
Therefore, it is inevitable to further study the interactions between circRNAs and tumors
and to develop novel circRNAs as molecular markers or potential targets, which will provide
promising applications in early diagnosis, therapeutic evaluation, prognosis prediction of
tumors and even gene therapy for tumors.

Introduction
Besides the conventional coding mRNA, tRNA, and rRNAs, there is a tremendous diversity of noncoding
attached RNA genres which exist in the cells, such as miRNAs, lncRNAs, piRNAs, siRNAs, tmRNAs, sR-
NAs, tiRNAs, eRNAs, snoRNAs, snRNAs, and other noncoding RNAs (ncRNAs). While an indispensable
compose of this diverse RNA molecules family is the circular RNAs (circRNAs) whose detected amounts
and types is increasing at an accrescent rate.

CircRNAs are a wide category of ncRNAs that are verified to participate in regulating transcriptional
and post-transcriptional gene expression [1]. In 1976, Sanger et al. [2] who first presented the concept
of ‘circular RNA’ found that viroids are single-stranded covalently closed circRNA molecules pathogenic
to certain higher plants. Subsequently, circRNAs were clearly observed in the eukaryotes by electron mi-
croscopy in 1979 [3]. Even so, circRNAs were regarded as a by-product of errant splicing due to their low
abundance and lack of known functions [4-6]. With the development of high-throughput RNA sequenc-
ing and bioinformatics analysis, more and more circRNAs have been discovered and identified [7-9]. Be-
yond gene regulation, circRNAs can represent as potential biomarkers which may play new roles in cancer
diagnosis and targetted therapy.

Characteristics of circRNAs
Many researches indicated that circRNAs were of great diversities for its generation originated from any
region of the genome subsequence [9-14]. Amongst them, a large proportion of circRNAs arise from only
one exon or multiple amounts of exons [15-18] (Figure 1). The exonic circRNAs predominantly remain in
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Figure 1. Schematic representation of splicing events and biological functions of circRNAs

(a) Linear mRNA is generated conventionally through canonical splicing machinery. (b) Exonic circRNA is formed through backsplic-

ing of the 5′ splice site (donor site) to a 3′ splice site (acceptor site) which is called head-to-tail joining. (c) Reverse complementary

sequences of lariat intron excised from pre-mRNA can pair to produce close loop structure named as ciRNA. (d) The intron2 is then

removed and brings the 5′ splice site of Exon3 close to 3′ splice site of Exon2, to form a circRNA, which contains multiple exons.

(e) Also, intron3 will be retained, with Exon3 and Exon4, forming an EIciRNA. (f) The stable ciRNA binds to elongating RNA Pol II

and promotes transcription. (g) EIciRNAs can enhance gene transcription via interacting with U1 snRNP and RNA polymerase II in

the promoter region of the host gene.

the cytoplasm [19,20]. Another subset of circRNAs known as EIciRNAs (exon–intron circRNAs) exists, which con-
tains both exons and introns [13,21]. Moreover, lariat intron’s failure to debranch at the branch point site and the trim-
ming of the lariat tail lead to the formation of circular intronic RNAs (ciRNAs), mainly found in the nucleus [13,22]
(Figure 1). Unlike linear RNAs, which are directly terminated with 5′ caps and 3′ tails, circRNAs are formed as a co-
valently closed continuous loop by 5′ splice site (the splice donor) joined to a 3′ splice site (the splice acceptor) which
is called backsplicing [23,18,24,14,5] (Figure 1). Hence, without 5′–3′ polarity and polyadenylated tail, circRNAs are
more stable than liner RNA and can resist degradation by RNA exonuclease or RNase R [7,25] (Figure 2). In recent
decades, many studies revealed that circRNAs were abundant in mammals with accumulation in a tissue-specific
manner, especially enriched in synaptoneurosomes [7,19,8,26,27]. Furthermore, a research showed that circRNAs
were enriched in exosomes compared with the producer cells [28]. Extracellular vesicles can carry plenty of cellular
components, including RNA, DNA, proteins, and lipids, then release the endocytosed contents to the external en-
vironment or distant target cells [29-31] (Figure 2). In another words, due to the vesicle’s insolated role from outer
conditions in compliance with its resistance to major mRNA degrading enzymes, the release of extracellular vesicles
may be one of the ways for cells to eliminate circRNAs or to transfer biological signals through one cell to another
[32] (Figure 2).

So, there are approximately three types of circRNAs, and they are more stable than linear RNAs. Their capacity in
tumor cells could be modulated by exosome transportations or some kinds of other ways.

The function of circRNAs
Currently, the circRNA has become a hotspot in the field of biology on account of its huge capabilities. Studies have
found that circRNAs can bind to miRNA as RNA sponge and increase downstream gene expression by regulating
miRNA activities, thus contributing to tumor progression [33,34,1,21] (Figure 3). For example, the earliest circRNA
CiRS-7 contains more than 70 miR-7 binding sites and acts as an miR-7 sponge, reducing the impact of miR-7 on tar-
get mRNAs in turn [35,36,1]. Lately, a report demonstrated that cir-ZNF609 might act as a sponge for miR-150-5p to
modulate the expression of AKT3 [37]. In addition, circRNAs are also involved in transcription, translation, splicing,
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Figure 2. The expulsion and transport of circRNAs

(a) Without 5′ caps and 3′ tails, circRNAs which can resist degradat by RNase R, are highly stable. (b,c) Extracellular vesicles

can carry a myriad of cellular components, including proteins, lipids, and RNA, despite their small size. Also, extracellular vesicle

release may be one of the ways for cells to eliminate circRNAs. (d,e) Exosomes release the endocytosed contents to the external

environment or distant target cells, to transfer biological signals through one cell to another.

Figure 3. The biological functions of circRNA

(a) CircRNAs act as miRNA sponge to compete endogenous RNA and sequester miRNAs from binding mRNA targets to influence

the protein translation. (b) CircRNAs can also work as RBP sponge to interact with RBPs, forming RNA–protein complex (RPC). (c)

The synthetic circRNA which contains an internal ribosome entry site (IRES) can be translated to produce proteins in vitro.

and RNA-binding proteins (RBPs) [17,38,39,12] (Figures 1 and 3). Interestingly, circRNAs may interact with other
RNA molecules such as mRNAs and lncRNAs, or even with DNA directly [40,41]. In addition, ciRNA binds to elon-
gating RNA Pol II and promotes transcription in turn. EIciRNAs can interact with U1 snRNP and RNA Polymerase
II in the promoter region of the host gene to enhance gene transcription as well [12] (Figure 1).

Moreover, some studies have reported that circRNAs were concerned with many kinds of human diseases, and were
widely involved in numerous physiological and pathological processes, for instance promoting insulin biosynthesis
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Table 1 The connection between circRNAs and human cancers

Type of cancer circRNA Bind target Function(s) References

Gastric cancer Hsa circ 002059 [47]

hsa circ 0000096 Regulating cyclin D1, CDK6,
MMP-2, and MMP-9

Cell growth and migration [48]

circPVT1 miR-125 Promotes cell proliferation [49]

hsa circ 0001649 [50]

hsa circ 0000069 [51]

Colorectal cancer hsa circ 001569 miR-145 Cell proliferation and invasion,
differentiation and invasion
facilitates proliferation

[52]

hsa circ 001988 [53]

circ-BANP [54]

CiRS-7 miR-7 [55]

Hepatocellular carcinoma hsa circ 0005075 miR-23b-5p, miR-93-3p,
miR-581, miR-23a-5p

Cell adhesion [57]

CircZKSCAN1 ZKSCAN1 mRNA Inhibits growth, migration,
invasion

[58]

Bladder carcinoma circTCF25 miR-103a-3p/miR-107 Increases CDK6 expression [74]

Esophageal cancer hsa circ 0067934 Promotes the proliferation [60]

cir-ITCH miR-7, miR-17, miR-214 Stimulates ITCH and suppresses [61]

Wnt/β-catenin pathway

Cervical carcinoma hsa circ 0031288 HuR sequester HuR from PABPN1
mRNA and reduce translation

[62]

Breast cancer circ-Foxo3 p21 and CDK2 Inhibits cell proliferation and cell
cycle progression

[38]

Laryngeal cancer hsa circRNA 104912 Participates in the tumorigenesis [66]

Abbreviations: CDK2, cyclin-dependent kinases2; CDK6, cyclin-dependent kinases2; circ-BANP, circular BANP; Foxo3, forkhead box O3; HuR,
ELAV-like RBP 1; ITCH, itchy E3 ubiquitin protein ligase; MMP-2, matrix metalloprotein-2; MMP-9, matrix metalloprotein-9; PABPN1, poly(A) binding
protein nuclear 1; TCF25, transcription factor 25; ZKSCAN1, a zinc finger family gene.

and secretion through the CDR1as/miR-7 pathway, and dysregulation in Alzheimer’s disease (AD), Parkinson’s dis-
ease, and cardiovascular diseases [36,42-44]. Importantly, some findings indicated that dysregulated circRNAs had
been verified to be associated with the development of many cancers [45,46] (Table 1).

In conclusion, circRNAs take part in the biological functions of tumors mainly by kinds of approaches to react with
other RNA genres or genes.

Gastric cancer
Hsa circ 002059, a typical circRNA, was first found to be significantly down-regulated in gastric cancer (GC) tissues
compared with paired adjacent nontumorous tissues [47]. Lately, hsa circ 0000096 was also found to be markedly
down-regulated in both GC tissues and GC cell lines relative to the control paired adjacent nontumorous tissues
and normal gastric epithelial cells, which may attenuate GC cell growth and migration by regulating cyclin D1,
cyclin-dependent kinases6 (CDK6), matrix metalloprotein-2 (MMP-2), and matrix metalloprotein-9 (MMP-9) [48].
The expression of circPVT1 in GC tissues was often up-regulated, and functional assays revealed that circPVT1 could
promote cell proliferation by sponging members of miR-125 family. It can be also an independent prognostic marker
for survival in patients with Gc [49]. Another circRNA called hsa circ 0001649 presented a lower expression in GC
tissue than the control normal tissues. Besides, the expression level of hsa circ 0001649 in patients’ serum samples
would be meaningfully increased after the tumor resected surgery [50]. It suggested that many circRNAs possessed
significantly differential expressions between GC tissues and normal tissues, and the circRNA may become a novel
potential and stable biomarker in the diagnosis of gastric carcinoma.

Colorectal cancer
He et al. found that hsa circ 0000069 had a significantly high expression in colorectal cancer (CRC) tissues and
that it correlated positively with the degree of clinical features, such as the TNM stage [51]. A high expression of
hsa circ 001569 was also observed in CRC tissues, which could act as a sponge to bind to miR-145, and resulted in
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the up-regulation of target genes of miR-145, including E2F transcription factor 5 (E2F5), BCL2-associated athano-
gene 4 (BAG4), and formin like 2 (FMNL2), thus playing as a positive regulator in cell proliferation and invasion of the
CRC [52]. Even more, it has also been suggested that the expression of hsa circ 001988 was meaningfully decreased
in tumor tissues analyzed from 31 matched CRC tissue and normal colon mucosa by quantitative real-time PCR
(qRT-PCR). Moreover, it significantly connected with differentiation and perineural invasion [53]. Also, evidence
detected that circular BANP (circ-BANP) differential expressions by analyzing circRNA array of both CRC cancer-
ous tissues and adjacent normal tissues, which confirmed the facilitation of the proliferation in CRC cells. Meanwhile,
the growth of cancer cells will be significantly deadened after knockdown of circ-BANP with siRNA [54]. Thus, it can
be seen that the dysregulation of circRNAs may participate in cell proliferation, differentiation, and invasion in CRC.

Hepatocellular carcinoma
As we all know, miR-7 is able to inhibit tumor growth and metastasis by targetting the phosphoinositide 3-kinase/Akt
(PI3k/AKT) pathway in hepatocellular carcinoma (HCC) [55]. While CiRS-7 may play a significant role in the de-
velopment of HCC by acting as a sponge to bind to miR-7 [56]. Furthermore, Shang et al. [57] discovered that
hsa circ 0005075 exhibited a significant difference in expressions between HCC and normal tissues through us-
ing real-time qRT-PCR. Then, they structured a network of hsa circ 0005075-targetted miRNA–gene interactions,
including miR-23b-5p, miR-93-3p, miR-581, miR-23a-5p, and their corresponding targetted mRNAs. Gene on-
cology analysis revealed that hsa circ 0005075 could participate in cell adhesion during HCC development [57].
CircZKSCAN1, originated from a zinc finger family gene (ZKSCAN1), was discovered with significantly lower ex-
pression in 102 HCC patients by RT-PCR, and the levels influenced in patients by different tumor numbers, cirrhosis,
vascular invasion, or microscopic vascular invasion (MVI), as well as the tumor grade, which could co-operate closely
with ZKSCAN1 mRNA to inhibit growth, migration, and invasion of HCC [58]. In conclusion, circRNAs could reg-
ulate directed mRNAs via adsorbing correlative miRNAs or both work in co-ordination to control the growth, mi-
gration, and invasion of HCC.

Bladder carcinoma
Zhong et al. detected circRNAs with prominent differential expression using microarray analysis in samples of blad-
der cancer. Compared with the normal tissues, 469 dysregulated circular transcripts are found in total. Six circRNAs,
including circTCF25 (transcription factor 25) (hsa circ 0041103), were confirmed to have signifcant differences by
qRT-PCR. Furthermore, it was verified that overexpression of circTCF25 could sequester miR-103a-3p/miR-107 to
suppress miRNA biological activity, consequently increase CDK6 expression, and promote proliferation and migra-
tion in bladder cancer [59]. As we have noticed, circRNAs are possibly involved in the pathogenesis and development
of bladder cancer.

Esophageal cancer
In 51 pairs of cancerous tissues and adjacent noncancerous tissues derived from esophageal cancer patients,
hsa circ 0067934 was detected to be conspicuously overexpressed in esophageal squamous cell carcinoma (ESCC)
tissues and was associated with poor differentiation, T stage and TNM stage through qRT-PCR. Afterward, the
siRNA designed to inhibit hsa circ 0067934 was treated with ESCC cells, resulting in restraining the proliferation
and migration of ESCC cells. Therefore, we hypothesized that hsa circ 0067934 could promote the proliferation of
ECSS cells by regulating the cell cycle [60]. Another circRNA named cir-ITCH (itchy E3 ubiquitin protein ligase),
acquired from a total of 684 ESCC and paired adjacent nontumor tissue samples via RT-PCR, which could act as
a sponge for miR-7, miR-17, and miR-214, had an inhibitory effect on ESCC by stimulating ITCH levels to pro-
mote an ubiquitin-mediated dishevelled segment polarity protein 2 (Dvl2) degradation, suppressing the canonical
Wnt/β-catenin [61]. These results indicate that hsa circ 0067934 may work as an emerging potential tumor marker
and therapeutic target of ESCC and cir-ITCH can inhibit the evolution of ESCC by regulating the Wnt pathway.

Cervical carcinoma
It was demonstrated that hsa circ 0031288, renamed circPABPN1 (poly(A) binding protein nuclear 1) as it rose from
the PABPN1 pre-mRNA, could bond with ELAV-like RBP 1 (HuR) to prevent HuR binding to PABPN1 mRNA and
reduce PABPN1 translation in human cervical carcinoma HeLa cells. While HuR influences gene expression programs
and hence cellular phenotypes by binding to hundreds of coding and noncoding linear RNAs [62]. In other words,
circPABPN1 could affect translation through combining with RBPs to sequester it from mRNA in HeLa cells.
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Breast cancer
Remarkably, a study has manifested that the overexpression of circ-Foxo3 (forkhead box O3) in MDA-MB-231 cells
could restrain tumor growth in vivo as well as cancer cell proliferation and survival in vitro [63]. Further stud-
ies showed that circ-Foxo3 inhibited cell proliferation and repressed cell cycle progression by binding to p21 and
cyclin-dependent kinases2 (CDK2), forming a ternary circ–Foxo3–p21–CDK2 complex [38]. Recently, a new data
analysis of 885 breast cancer samples provided by The Cancer Genome Atlas (TCGA) revealed that the number of
circRNAs had a relation to breast cancer subtypes, which in estrogen receptor positive (ER+) subtype of normal ad-
jacent tissues was higher than tumor tissues using CircRNA-Seq, and was connected with gene proliferation markers
[64]. Although the interaction mechanism between circRNAs and breast cancer awaits to be further explored, circR-
NAs certainly implicate in cell cycle progression in breast cancer.

Epithelial ovarian carcinoma
In order to inquire into the effect of circRNAs in ovarian cancer, the paired-end RNA sequencing of nine ovarian
cancer samples derived from three patients at primary ovarian tumor and its matched peritoneum and lymph node
metastases, were implemented by Ahmed et al. [65], showing that a noteworthy greater number of circRNAs were
differentially expressed between tumor sites than mRNAs. These candidate circRNAs are concentrated for multiple
miRNA matching points and are possibly able to compete with endogenous RNA activity. Moreover, it was a robust
expression pattern of circRNAs across patients and tumor stages, in contrast with a highly heterogeneous linear tran-
scriptome in ovarian cancer [65]. The conformance of circRNA expression may afford fresh candidates for cancer
treatment and prognosis.

Laryngeal cancer
Xuan et al. [66] discovered that 302 circRNAs were signifcantly up-regulated and 396 circRNAs were down-regulated
in four paired laryngeal squamous cell carcinoma (LSCC) tissues and adjacent nontumor tissues using microar-
ray analysis. Results were further proved by qRT-PCR methods, revealing that hsa circRNA 100855 was the most
up-regulated circRNA and hsa circRNA 104912 was the most down-regulated circRNA, and both were relevant to
T3–4 stage, neck nodal metastasis, poor differentiation, or advanced clinical stage [66]. Overall, the data illustrate
that circRNAs may relate to the tumorigenesis of LSCC and represent a new molecular marker for the diagnosis and
progress of LSCC.

CircRNAs in cancer-associated pathways
CircRNAs have attracted much attention in cancer research field. They are involved in the cellular development,
proliferation, differentiation, and apoptosis. For example, circ-Foxo3 can bind to p21 and CDK2, and form a ternary
circ–Foxo3–p21–CDK2 complex, inhibiting the function of CDK2 and arresting cell cycle progression [38,63]. While
circHIPK3 (homeodomain interacting protein kinase 3) would influence the proliferation of tumor cells through
genes, including protein phosphatase 1 regulatory subunit 13 like (iASPP) by working as the sponge of miR-124
to inhibit miR-124 activity [67,68]. Moreover, a study found that lncRpa and circRar1 could modulate miR-671
for inducing the up-regulation of apoptosis-associated factors caspase8 and p38 at the mRNA and protein levels to
promote neuronal apoptosis [69]. For example, the promyelocytic leukemia/ retinoic acid receptor α (PML/RARa)
and lysine methyltransferase 2A (MLL) genes fused and then produced f-circM9 and f-circPR. While knockouts of
f-circM9 and f-circPR led to the apoptosis of a large amount of tumor cells, thus the f-circM9 and f-circPR, to some
extent, could abate cancer cell apoptosis [70]. For instance, cir-ITCH could act as the sponge of oncogenic miR-7
and miR-214 to enhance ITCH expression and thus suppress the activation of Wnt/β-catenin signaling [61]. Cir-
cular and linear expression exhibits an inverse trend for many cancer-related pathways and signaling pathways, like
nuclear factor κB (NFκB), Janus kinase/signal transducer and activator of transcription (JAK/STAT), PI3k/AKT, and
transforming growth factor β (TGF-β), which were typically activated for mRNA in metastases and down-regulated
for circRNA [65]. Meanwhile, it was found that down-regulation of cZNF292 contributed to decreased transcription
of E2F transcription factor 1 (E2F1), NF-κB, Sp1 transcription factor (Sp1), hypoxia inducible factor 1 (HIF-1), AP-1
transcription factor subunit (AP-1), signal transducer and activator of transcription 3 (STAT3), and signal transducer
and activator of transcription 5 (STAT5), thus inhibiting the tube formation in tumor cells [71,72]. Thus, the dys-
regulation of circRNAs may be involved in tumorigenesis, progression, invasion, and metastasis in various cancers
[73,58,74,52,51].
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CircRNAs may act as newly emerging biomarkers in cancer
As we all have noticed, with the application of RNA-seq and other detecting techniques, the expression difference of
circRNAs are found to be widespread in many cancers, including esophageal cancer [60], GC [48], CRC [54], and
HCC [55] etc. (Table 1). Besides, circRNAs are more steady, easier to extract, easily detected in clinical standard
blood samples or body fluid, relative to linear RNAs and proteins [75-77]. CircRNAs originated from human cancer
xenografts could release into the circulation and readily measured in the serum [28]. These features have a great
clinical advantage for circRNAs to serve as novel biomarkers for diagnostic and therapeutic methods of cancers.
Meanwhile, circRNAs play a potential critical role in contacting miRNA, mRNA, protein, and gene with each other
in cancer cells [78,16,21]. Thus, the circRNA is an ideal molecular marker for cancer.

Conclusion and perspective
Although the functions of most circRNAs are largely unclear, existing evidence has shown that circRNAs function
in multiple biological processes, such as miRNA binding, RBPs binding, and regulation of transcription or splicing.
Strikingly, the newest study also exhibited that circRNAs could be translated to produce proteins because it contains
N6-methyladenosine (m6A) sites as internal ribosome entry site (IRES) (Figure 2), which were reduced by m6A
demethylase FTO, α-ketoglutarate-dependent dioxygenase, promoted by adenosine methyltransferase (methyltrans-
ferase like 3/14 (METTL3/14)), and required eukaryotic translation initiation factor 4 γ 2 (eIF4G2) and m6A reader
YTH N6-methyladenosine RBP 3 (YTHDF3) [79,80]. A general function of circRNA is suggested and has important
implications in the translation landscape of human genome. For now, it appears that we are only beginning to catch
a glimpse of the whole complexity of the regulatory mechanisms based on circRNAs. Thus, we must encourage re-
search efforts to investigate the potential roles of circRNAs in translation that might contribute to the elucidation of
gene function. Moreover, a great number of circRNAs were validated to be dysregulated in the CD28 (−) CD8 (+)
T cells during ageing using a circRNA microarray approach. The pattern of a circRNA–miRNA–gene network was
predicted, indicating that circRNA100783 might regulate phosphoprotein-related signal transduction in the context
of CD28-dependent CD8(+) T-cell ageing [81]. Accordingly, circRNA also plays important roles in the regulation of
immune system.

Additionally, more than 1000 circRNAs were identified in human serum exosomes. Surprisingly, it has been shown
that circRNAs were concentrated in exosomes. Besides, the sorting of circRNAs to exosomes may be regulated by
changes in associated miRNA levels in producer cells, and may transfer biological activities to recipient cells. Further-
more, circRNAs stored in exosomes still retained biological activities and could sequester miRNAs in receipt cells.
It can be deduced that circRNAs contained in exosomes (exo-circRNAs) originated from human cancer xenografts
enter the circulation and are easily measured in the serum, and also can be taken by target cells, leading to the change
in tumor microenvironment and distant organ metastasis. In conclusion, it demonstrates that abundant circRNAs
exist in the exosomes, representing a specific class of stable RNA species in exosomes, which can distinguish patients
with cancer from the healthy and may act as a circulating biomarker for cancer diagnosis and prognosis. At present,
recent researches have mainly focussed on the mechanisms of circRNA biogenesis and basic functions in primary
tumor cells. However, a deeper mechanism in the exosomes and the developments of diverse diseases are not yet fully
understood. Furthermore, it would be of great interest to understand the biological functions of exo-circRNAs and
find other potential applications in future studies.

These findings greatly extended our knowledge of the abstruse complexity of gene regulation and have pushed cir-
cRNAs to the burning forefront of biological researches. Moreover, many databases, which will be more perfect, such
as circBase, circNet, Circ2Traits, and CircInteractome, provided excellent platforms to further facilitate functional
researches on circRNAs [82-84]. However, current studies on the relationship between circRNAs and disease physi-
ology and pathology are limited. Taken together, although circRNAs are properly prevalent at present, the field still
remains in its immature period. Further intensive studies are needed to explore the molecular and biological func-
tions of circRNAs. CircRNAs, as the new star of ncRNA, would be widely involved in the regulation of physiological
and pathophysiological processes, serving as stable clinical biomarkers of disease, and also provide new potential
therapeutic targets. Exploration of their functions will bring brilliant prospects to mankind, further approaches to
the essence of life.

Acknowledgements
We thank the respective laboratory members and collaborators for critical review of this article.

c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

7



Bioscience Reports (2017) 37 BSR20170750
https://doi.org/10.1042/BSR20170750

Funding
This work was supported by the National Program on Key Research Project [grant number 2016YFC0905900]; the Medical Train-
ing Programme Foundation for the Talents by Jiangsu Provincial Department of Health [grant number 17 (2016)]; the 333 Talent
Project of Jiangsu Province, top-level [grant number 4 (2016)]; the National Key Clinical Specialist Construction Programs of China
[grant number 544 (2013)]; the Major Program of Natural Science Foundation of Jiangsu Province [grant number BL2014090]; the
Natural Science Foundation of Jiangsu Province [grant number BK20151579]; the Project Funded by the Priority Academic Pro-
gram Development of Jiangsu Higher Education Institutions (PAPD) [grant number JX10231802]; the Key Research Program for
the Social Development of Jiangsu Province, China [grant number BE2015718]; the National Natural Science Foundation of China
[grant number 81602551].

Competing interests
The authors declare that there are no competing interests associated with the manuscript.

Ethical approval
This article does not contain any studies with human participants or animals performed by any authors.

Informed consent
Informed consent was obtained from all the individual participants included in the study.

Abbreviations
CDK2, cyclin-dependent kinases2; CDK6, cyclin-dependent kinases6; ciRNA, circular intronic RNA; circ-BANP, circular BANP;
circRNA, circular RNA; CRC, colorectal cancer; EIciRNA, exon–intron circRNA; ESCC, esophageal squamous cell carcinoma;
exo-circRNA, circRNAs contained in exosome; Foxo3, forkhead box O3; FTO, α-ketoglutarate-dependent dioxygenase; GC,
gastric cancer; HCC, hepatocellular carcinoma; HuR, ELAV-like RNA-binding protein 1; ITCH, itchy E3 ubiquitin protein ligase;
LSCC, laryngeal squamous cell carcinoma; MLL, lysine methyltransferase 2A; m6A, N6-methyladenosine; ncRNA, noncoding
RNA; NFκB, nuclear factor κB; PABPN1, poly(A) binding protein nuclear 1; PI3k/AKT, phosphoinositide 3-kinase/Akt; qRT-PCR,
quantitative real-time PCR; RBP, RNA-binding protein; TCF25, transcription factor 25; ZKSCAN1, a zinc finger family gene.

References
1 Hansen, T.B., Jensen, T.I., Clausen, B.H., Bramsen, J.B., Finsen, B., Damgaard, C.K. et al. (2013) Natural RNA circles function as efficient microRNA

sponges. Nature 495, 384–388
2 Sanger, H.L., Klotz, G., Riesner, D., Gross, H.J. and Kleinschmidt, A.K. (1976) Viroids are single-stranded covalently closed circular RNA molecules

existing as highly base-paired rod-like structures. Proc. Natl. Acad. Sci. U.S.A. 73, 3852–3856
3 Hsu, M.T. and Coca-Prados, M. (1979) Electron microscopic evidence for the circular form of RNA in the cytoplasm of eukaryotic cells. Nature 280,

339–340
4 Capel, B., Swain, A., Nicolis, S., Hacker, A., Walter, M., Koopman, P. et al. (1993) Circular transcripts of the testis-determining gene Sry in adult mouse

testis. Cell 73, 1019–1030
5 Cocquerelle, C., Mascrez, B., Hetuin, D. and Bailleul, B. (1993) Mis-splicing yields circular RNA molecules. FASEB J. 7, 155–160
6 Nigro, J.M., Cho, K.R., Fearon, E.R., Kern, S.E., Ruppert, J.M., Oliner, J.D. et al. (1991) Scrambled exons. Cell 64, 607–613
7 Salzman, J., Gawad, C., Wang, P.L., Lacayo, N. and Brown, P.O. (2012) Circular RNAs are the predominant transcript isoform from hundreds of human

genes in diverse cell types. PLoS ONE 7, e30733
8 Guo, J.U., Agarwal, V., Guo, H. and Bartel, D.P. (2014) Expanded identification and characterization of mammalian circular RNAs. Genome Biol. 15, 409
9 Memczak, S., Jens, M., Elefsinioti, A., Torti, F., Krueger, J., Rybak, A. et al. (2013) Circular RNAs are a large class of animal RNAs with regulatory

potency. Nature 495, 333–338
10 Jeck, W.R., Sorrentino, J.A., Wang, K., Slevin, M.K., Burd, C.E., Liu, J. et al. (2013) Circular RNAs are abundant, conserved, and associated with ALU

repeats. RNA 19, 141–157
11 Zhang, Y., Zhang, X.O., Chen, T., Xiang, J.F., Yin, Q.F., Xing, Y.H. et al. (2013) Circular intronic long noncoding RNAs. Mol. Cell 51, 792–806
12 Li, Z., Huang, C., Bao, C., Chen, L., Lin, M., Wang, X. et al. (2015) Exon-intron circular RNAs regulate transcription in the nucleus. Nat. Struct. Mol. Biol.

22, 256–264
13 Shen, T., Han, M., Wei, G. and Ni, T. (2015) An intriguing RNA species–perspectives of circularized RNA. Protein Cell 6, 871–880
14 Chen, L.L. and Yang, L. (2015) Regulation of circRNA biogenesis. RNA Biol. 12, 381–388
15 Zhang, X.O., Wang, H.B., Zhang, Y., Lu, X., Chen, L.L. and Yang, L. (2014) Complementary sequence-mediated exon circularization. Cell 159, 134–147
16 Chen, I., Chen, C.Y. and Chuang, T.J. (2015) Biogenesis, identification, and function of exonic circular RNAs. Wiley Interdiscip. Rev. RNA 6, 563–579
17 Starke, S., Jost, I., Rossbach, O., Schneider, T., Schreiner, S., Hung, L.H. et al. (2015) Exon circularization requires canonical splice signals. Cell Rep.

10, 103–111
18 Suzuki, H., Aoki, Y., Kameyama, T., Saito, T., Masuda, S., Tanihata, J. et al. (2016) Endogenous multiple exon skipping and back-splicing at the DMD

mutation hotspot. Int. J. Mol. Sci. 17, doi:10.3390/ijms17101722

8 c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).



Bioscience Reports (2017) 37 BSR20170750
https://doi.org/10.1042/BSR20170750

19 Salzman, J., Chen, R.E., Olsen, M.N., Wang, P.L. and Brown, P.O. (2013) Cell-type specific features of circular RNA expression. PLoS Genet. 9,
e1003777

20 Westholm, J.O., Miura, P., Olson, S., Shenker, S., Joseph, B., Sanfilippo, P. et al. (2014) Genome-wide analysis of drosophila circular RNAs reveals their
structural and sequence properties and age-dependent neural accumulation. Cell Rep. 9, 1966–1980

21 Chen, L.L. (2016) The biogenesis and emerging roles of circular RNAs. Nat. Rev. Mol. Cell Biol. 17, 205–211
22 Talhouarne, G.J. and Gall, J.G. (2014) Lariat intronic RNAs in the cytoplasm of Xenopus tropicalis oocytes. RNA 20, 1476–1487
23 Zhang, X.O., Dong, R., Zhang, Y., Zhang, J.L., Luo, Z., Zhang, J. et al. (2016) Diverse alternative back-splicing and alternative splicing landscape of

circular RNAs. Genome Res. 26, 1277–1287
24 Sun, X., Wang, L., Ding, J., Wang, Y., Wang, J., Zhang, X. et al. (2016) Integrative analysis of Arabidopsis thaliana transcriptomics reveals intuitive

splicing mechanism for circular RNA. FEBS Lett. 590, 3510–3516
25 Suzuki, H., Zuo, Y., Wang, J., Zhang, M.Q., Malhotra, A. and Mayeda, A. (2006) Characterization of RNase R-digested cellular RNA source that consists

of lariat and circular RNAs from pre-mRNA splicing. Nucleic Acids Res. 34, e63
26 Rybak-Wolf, A., Stottmeister, C., Glazar, P., Jens, M., Pino, N., Giusti, S. et al. (2015) Circular RNAs in the mammalian brain are highly abundant,

conserved, and dynamically expressed. Mol. Cell 58, 870–885
27 Xia, S., Feng, J., Lei, L., Hu, J., Xia, L., Wang, J. et al. (2016) Comprehensive characterization of tissue-specific circular RNAs in the human and mouse

genomes. Brief. Bioinform., doi:10.1093/bib/bbw081
28 Li, Y., Zheng, Q., Bao, C., Li, S., Guo, W., Zhao, J. et al. (2015) Circular RNA is enriched and stable in exosomes: a promising biomarker for cancer

diagnosis. Cell Res. 25, 981–984, doi:10.1038/cr.2015.82
29 Meyer, C., Losacco, J., Stickney, Z., Li, L., Marriott, G. and Lu, B. (2017) Pseudotyping exosomes for enhanced protein delivery in mammalian cells. Int.

J. Nanomed. 12, 3153–3170, doi:10.2147/ijn.s133430
30 Yang, J., Zhang, X., Chen, X., Wang, L. and Yang, G. (2017) Exosome mediated delivery of miR-124 promotes neurogenesis after ischemia. Mol. Ther.

Nucleic Acids 7, 278–287
31 Sanada, T., Hirata, Y., Naito, Y., Yamamoto, N., Kikkawa, Y., Ishida, Y. et al. (2017) Transmission of HBV DNA mediated by ceramide-triggered

extracellular vesicles. Cell. Mol. Gastroenterol. Hepatol. 3, 272–283
32 Lasda, E. and Parker, R. (2016) Circular RNAs co-precipitate with extracellular vesicles: a possible mechanism for circRNA clearance. PLoS ONE 11,

e014840
33 Ebert, M.S. and Sharp, P.A. (2010) MicroRNA sponges: progress and possibilities. RNA 16, 2043–2050
34 Ebert, M.S. and Sharp, P.A. (2010) Emerging roles for natural microRNA sponges. Curr. Biol. 20, R858–R861
35 Hansen, T.B., Kjems, J. and Damgaard, C.K. (2013) Circular RNA and miR-7 in cancer. Cancer Res. 73, 5609–5612
36 Junn, E., Lee, K.W., Jeong, B.S., Chan, T.W., Im, J.Y. and Mouradian, M.M. (2009) Repression of alpha-synuclein expression and toxicity by microRNA-7.

Proc. Natl. Acad. Sci. U.S.A. 106, 13052–13057
37 Peng, L., Chen, G., Zhu, Z., Shen, Z., Du, C., Zang, R. et al. (2016) Circular RNA ZNF609 functions as a competitive endogenous RNA to regulate AKT3

expression by sponging miR-150-5p in Hirschsprung’s disease. Oncotarget, doi:10.18632/oncotarget.13656
38 Du, W.W., Yang, W., Liu, E., Yang, Z., Dhaliwal, P. and Yang, B.B. (2016) Foxo3 circular RNA retards cell cycle progression via forming ternary complexes

with p21 and CDK2. Nucleic Acids Res. 44, 2846–2858
39 Schneider, T., Hung, L.H., Schreiner, S., Starke, S., Eckhof, H., Rossbach, O. et al. (2016) CircRNA-protein complexes: IMP3 protein component defines

subfamily of circRNPs. Sci. Rep. 6, 31313
40 Chen, C.Y. and Sarnow, P. (1995) Initiation of protein synthesis by the eukaryotic translational apparatus on circular RNAs. Science 268, 415–417
41 Ashwal-Fluss, R., Meyer, M., Pamudurti, N.R., Ivanov, A., Bartok, O., Hanan, M. et al. (2014) circRNA biogenesis competes with pre-mRNA splicing. Mol.

Cell 56, 55–66
42 Lukiw, W.J. (2013) Circular RNA (circRNA) in Alzheimer’s disease (AD). Front. Genet. 4, 307
43 Zhao, Y., Alexandrov, P.N., Jaber, V. and Lukiw, W.J. (2016) Deficiency in the ubiquitin conjugating enzyme UBE2A in Alzheimer’s disease (AD) is linked

to deficits in a natural circular miRNA-7 sponge (circRNA; ciRS-7). Genes 7, 116
44 Wang, K., Long, B., Liu, F., Wang, J.X., Liu, C.Y., Zhao, B. et al. (2016) A circular RNA protects the heart from pathological hypertrophy and heart failure

by targeting miR-223. Eur. Heart J. 37, 2602–2611
45 Su, H., Lin, F., Deng, X., Shen, L., Fang, Y., Fei, Z. et al. (2016) Profiling and bioinformatics analyses reveal differential circular RNA expression in

radioresistant esophageal cancer cells. J. Transl. Med. 14, 225
46 Song, X., Zhang, N., Han, P., Moon, B.S., Lai, R.K., Wang, K. et al. (2016) Circular RNA profile in gliomas revealed by identification tool UROBORUS.

Nucleic Acids Res. 44, e87
47 Li, P., Chen, S., Chen, H., Mo, X., Li, T., Shao, Y. et al. (2015) Using circular RNA as a novel type of biomarker in the screening of gastric cancer. Clin.

Chim. Acta 444, 132–136
48 Li, P., Chen, H., Chen, S., Mo, X., Li, T., Xiao, B. et al. (2017) Circular RNA 0000096 affects cell growth and migration in gastric cancer. Br. J. Cancer

116, 626–633
49 Chen, J., Li, Y., Zheng, Q., Bao, C., He, J., Chen, B. et al. (2016) Circular RNA profile identifies circPVT1 as a proliferative factor and prognostic marker

in gastric cancer. Cancer Lett. 388, 208–219
50 Li, W.H., Song, Y.C., Zhang, H., Zhou, Z.J., Xie, X., Zeng, Q.N. et al. (2017) Decreased expression of Hsa circ 00001649 in gastric cancer and its clinical

significance. Dis. Markers 2017, 4587698
51 Guo, J.N., Li, J., Zhu, C.L., Feng, W.T., Shao, J.X., Wan, L. et al. (2016) Comprehensive profile of differentially expressed circular RNAs reveals that

hsa circ 0000069 is upregulated and promotes cell proliferation, migration, and invasion in colorectal cancer. Onco Targets Ther. 9, 7451–7458

c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

9



Bioscience Reports (2017) 37 BSR20170750
https://doi.org/10.1042/BSR20170750

52 Xie, H., Ren, X., Xin, S., Lan, X., Lu, G., Lin, Y. et al. (2016) Emerging roles of circRNA 001569 targeting miR-145 in the proliferation and invasion of
colorectal cancer. Oncotarget 7, 26680–26691

53 Wang, X., Zhang, Y., Huang, L., Zhang, J., Pan, F., Li, B. et al. (2015) Decreased expression of hsa circ 001988 in colorectal cancer and its clinical
significances. Int. J. Clin. Exp. Pathol. 8, 16020–16025

54 Zhu, M., Xu, Y., Chen, Y. and Yan, F. (2017) Circular BANP, an upregulated circular RNA that modulates cell proliferation in colorectal cancer. Biomed.
Pharmacother. 88, 138–144

55 Fang, Y., Xue, J.L., Shen, Q., Chen, J. and Tian, L. (2012) MicroRNA-7 inhibits tumor growth and metastasis by targeting the phosphoinositide
3-kinase/Akt pathway in hepatocellular carcinoma. Hepatology 55, 1852–1862

56 Xu, L., Zhang, M., Zheng, X., Yi, P., Lan, C. and Xu, M. (2016) The circular RNA ciRS-7 (Cdr1as) acts as a risk factor of hepatic microvascular invasion in
hepatocellular carcinoma. J. Can. Res. Clin. Oncol., doi:10.1007/s00432-016-2256-7

57 Shang, X., Li, G., Liu, H., Li, T., Liu, J., Zhao, Q. et al. (2016) Comprehensive circular RNA profiling reveals that hsa circ 0005075, a new circular RNA
biomarker, is involved in hepatocellular carcinoma development. Medicine (Baltimore) 95, e3811

58 Yao, Z., Luo, J., Hu, K., Lin, J., Huang, H., Wang, Q. et al. (2017) ZKSCAN1 gene and its related circular RNA (circZKSCAN1) both inhibit hepatocellular
carcinoma cell growth, migration, and invasion but through different signaling pathways. Mol. Oncol. 11, 422–437

59 Huang, M., Zhong, Z., Lv, M., Shu, J., Tian, Q. and Chen, J. (2016) Comprehensive analysis of differentially expressed profiles of lncRNAs and circRNAs
with associated co-expression and ceRNA networks in bladder carcinoma. Oncotarget 7, 47186–47200

60 Xia, W., Qiu, M., Chen, R., Wang, S., Leng, X., Wang, J. et al. (2016) Circular RNA has circ 0067934 is upregulated in esophageal squamous cell
carcinoma and promoted proliferation. Sci. Rep. 6, 35576

61 Li, F., Zhang, L., Li, W., Deng, J., Zheng, J., An, M. et al. (2015) Circular RNA ITCH has inhibitory effect on ESCC by suppressing the Wnt/beta-catenin
pathway. Oncotarget 6, 6001–6013

62 Abdelmohsen, K., Panda, A.C., Munk, R., Grammatikakis, I., Dudekula, D.B., De, S. et al. (2017) Identification of HuR target circular RNAs uncovers
suppression of PABPN1 translation by CircPABPN1. RNA Biol. 14, 361–369

63 Yang, W., Du, W.W., Li, X., Yee, A.J. and Yang, B.B. (2016) Foxo3 activity promoted by non-coding effects of circular RNA and Foxo3 pseudogene in the
inhibition of tumor growth and angiogenesis. Oncogene 35, 3919–3931

64 Nair, A.A., Niu, N., Tang, X., Thompson, K.J., Wang, L., Kocher, J.P. et al. (2016) Circular RNAs and their associations with breast cancer subtypes.
Oncotarget, doi:10.18632/oncotarget.13134

65 Ahmed, I., Karedath, T., Andrews, S.S., Al-Azwani, I.K., Mohamoud, Y.A., Querleu, D. et al. (2016) Altered expression pattern of circular RNAs in primary
and metastatic sites of epithelial ovarian carcinoma. Oncotarget 7, 36366–36381

66 Xuan, L., Qu, L., Zhou, H., Wang, P., Yu, H., Wu, T. et al. (2016) Circular RNA: a novel biomarker for progressive laryngeal cancer. Am. J. Transl. Res. 8,
932–939

67 Chen, J., Xiao, H., Huang, Z., Hu, Z., Qi, T., Zhang, B. et al. (2014) MicroRNA124 regulate cell growth of prostate cancer cells by targeting iASPP. Int. J.
Clin. Exp. Pathology 7, 2283–2290

68 Zheng, Q., Bao, C., Guo, W., Li, S., Chen, J., Chen, B. et al. (2016) Circular RNA profiling reveals an abundant circHIPK3 that regulates cell growth by
sponging multiple miRNAs. Nat. Commun. 7, 11215

69 Nan, A., Chen, L., Zhang, N., Liu, Z., Yang, T., Wang, Z. et al. (2016) A novel regulatory network among LncRpa, CircRar1, MiR-671 and apoptotic genes
promotes lead-induced neuronal cell apoptosis. Arch. Toxicol., doi:10.1007/s00204-016-1837-1

70 Guarnerio, J., Bezzi, M., Jeong, J.C., Paffenholz, S.V., Berry, K., Naldini, M.M. et al. (2016) Oncogenic role of fusion-circRNAs derived from
cancer-associated chromosomal translocations. Cell 165, 289–302

71 Yang, P., Qiu, Z., Jiang, Y., Dong, L., Yang, W., Gu, C. et al. (2016) Silencing of cZNF292 circular RNA suppresses human glioma tube formation via the
Wnt/beta-catenin signaling pathway. Oncotarget, doi:10.18632/oncotarget.11523

72 Boeckel, J.N., Jae, N., Heumuller, A.W., Chen, W., Boon, R.A., Stellos, K. et al. (2015) Identification and characterization of hypoxia-regulated endothelial
circular RNA. Circ. Res. 117, 884–890

73 Xin, Z., Ma, Q., Ren, S., Wang, G. and Li, F. (2016) The understanding of circular RNAs as special triggers in carcinogenesis. Brief. Funct. Genomics,
doi:10.1093/bfgp/elw001

74 Zhong, Z., Lv, M. and Chen, J. (2016) Screening differential circular RNA expression profiles reveals the regulatory role of
circTCF25-miR-103a-3p/miR-107-CDK6 pathway in bladder carcinoma. Sci. Rep. 6, 30919

75 Suzuki, H. and Tsukahara, T. (2014) A view of pre-mRNA splicing from RNase R resistant RNAs. Int. J. Mol. Sci. 15, 9331–9342
76 Memczak, S., Papavasileiou, P., Peters, O. and Rajewsky, N. (2015) Identification and characterization of circular RNAs as a new class of putative

biomarkers in human blood. PLoS ONE 10, e0141214
77 Bahn, J.H., Zhang, Q., Li, F., Chan, T.M., Lin, X., Kim, Y. et al. (2015) The landscape of microRNA, Piwi-interacting RNA, and circular RNA in human

saliva. Clin. Chem. 61, 221–230
78 Guil, S. and Esteller, M. (2015) RNA-RNA interactions in gene regulation: the coding and noncoding players. Trends Biochem. Sci. 40, 248–256
79 Yang, Y., Fan, X., Mao, M., Song, X., Wu, P., Zhang, Y. et al. (2017) Extensive translation of circular RNAs driven by N6-methyladenosine. Cell Res.,

doi:10.1038/cr.2017.31
80 Zhao, X., Yang, Y., Sun, B.F., Shi, Y., Yang, X., Xiao, W. et al. (2014) FTO-dependent demethylation of N6-methyladenosine regulates mRNA splicing and

is required for adipogenesis. Cell Res. 24, 1403–1419
81 Wang, Y.H., Yu, X.H., Luo, S.S. and Han, H. (2015) Comprehensive circular RNA profiling reveals that circular RNA100783 is involved in chronic

CD28-associated CD8(+)T cell ageing. Immun. Ageing 12, 17
82 Glazar, P., Papavasileiou, P. and Rajewsky, N. (2014) circBase: a database for circular RNAs. RNA 20, 1666–1670

10 c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).



Bioscience Reports (2017) 37 BSR20170750
https://doi.org/10.1042/BSR20170750

83 Liu, Y.C., Li, J.R., Sun, C.H., Andrews, E., Chao, R.F., Lin, F.M. et al. (2016) CircNet: a database of circular RNAs derived from transcriptome sequencing
data. Nucleic Acids Res. 44, D209–D215

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

c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

11


