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CircRNA: a novel type of biomarker for cancer
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Abstract Circular RNAs (circRNAs) are a class of long,

non-coding RNAs molecules that shape a covalently closed

continuous loop which have no 50–30 polarity and contain no

polyA tail. CircRNAs also possess relatively jarless

framework and are highly tissue-specific expressed in the

eukaryotic transcriptome. Emerging evidences have dis-

covered that thousands of endogenous circRNAs are present

in mammalian cells and they mediate gene expression at the

transcriptional or post-transcriptional level by binding to

microRNAs or other molecules and then inhibit their

function. Similarly, increasing evidence indicates that cir-

cRNAs may play a role in the development of several types

of diseases, including atherosclerotic vascular disease risk,

neurological disorders, prion diseases, osteoarthritis and

diabetes. Furthermore, circRNAs exhibit aberrant expres-

sion in multiform types of cancer, including colorectal

cancer, hepatocellular carcinoma and pancreatic ductal

adenocarcinoma. And based on the function of circRNAs in

cancer, we believe that circRNAs may serve as diagnostic

or tumor promising biomarkers. Moreover, it will provide a

new therapeutic target for the treatment of cancer.
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Introduction

Earlier, circRNAs were found and considered to have no

biological function [1]. However, with the development of

RNA deep sequencing technology and bioinformatics

analyses, it has been reported that parts of circRNAs are

endogenous, abundant, conserved and jarless in mam-

malian cells and own physiological functions [2–5]. Cir-

cular RNAs (circRNAs), a novel type of RNA, are a

peculiar group of long, non-coding endogenous RNAs

molecules, consisting of at least a few hundred nucleotides

[5, 6] that regulate gene expression at the transcriptional or

post-transcriptional level by binding to microRNAs (miR-

NAs) or other molecules [7–9]. CircRNAs shape a cova-

lently closed continuous loop which own relatively jarless

framework in the eukaryotic transcriptome [6, 10]. Dif-

ferent from linear RNAs, circRNAs are relatively

stable and are not easily degraded by endonuclease

[6, 11–13]. In addition, circRNAs are produced mainly by

exons and introns sequences, but the reverse complemen-

tary sequences or RNA-binding proteins (RBPs) are

essential for circRNA formation [14]. Moreover, two

independent groups discovered that circRNAs could

sponge miRNAs, which is a new mechanism that circRNAs

have the ability to bind to miRNAs and consequently

regulate miRNA function [5, 15]. MiRNAs are a class of

small, highly conserved, and non-coding RNAs that
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regulate gene expression at posttranscriptional level by

binding to the 30 untranslated region (UTR) of target

mRNAs [16]. Growing evidence has confirmed that miR-

NAs play a role in multiform biological processes, which

have a significant correlation with cancers, consisting of

tumor proliferation, apoptosis, differentiation, invasion,

and metastasis, as well as tumorigenesis [16–18]. Fur-

thermore, increasing evidence also indicates that circRNAs

may play a role in the development of some diseases,

including atherosclerotic vascular disease risk, neurologi-

cal disorders, prion diseases, osteoarthritis, diabetes,

Parkinson’s disease, Alzheimer’s disease, multiple sclero-

sis, and schizophrenia [9, 14, 19–22]. However, recent

studies have discovered that circRNAs may be drawn into

multiform types of cancer, including colorectal cancer

(CRC), hepatocellular carcinoma (HCC), breast cancer and

pancreatic ductal adenocarcinoma (PDAC) [6, 9, 23–27].

With the exception of the peculiar expression in tissues,

circRNAs are also found in saliva [25] and exosomes [28],

and it is believed that circRNAs are also regarded as a

biological governor. Altogether, circRNAs have the great

potential to regulate the biological function and act as

significant biomarkers to predict disease progression and

prognosis, especially in tumor. Therefore, in this review,

we briefly discuss the latent function of circRNA and its

relationship with tumor so that we can provide a better

therapeutic target for the treatment of cancer.

The biogenesis and function of circRNAs

Latest studies have shown that the biogenesis of circRNAs

occurs by backsplicing unlike the canonical linear RNAs

splicing [29], and circRNAs are considered as co-tran-

scriptional products. Recent studies have shown that the

circRNAs are ubiquitous in eukaryotic cells and mostly

transcribed from protein-coding genes by RNA polymerase

II [30, 31]. Precursor messenger RNAs (pre-mRNAs)

contain exons and introns, and they are first synthesized in

the nucleus [32], and then pre-mRNAs transfer to the

cytoplasm that they are cut into different complete separate

introns or exons. However, circRNAs can be engendered

mostly by a realignment of exons due to the diversity of

splicing, which is called ‘‘head-to-tail’’ or backsplicing

[2, 5, 7]. The backsplicing process comprises RNA circu-

larization that is facilitated via covalent attachment

between a downstream splice donor site (50 splice site) and

an upstream acceptor splice site (30 splice site). In addition,

researchers find that the RNA-binding protein Muscleblind

can bind to circMbl flanking introns to stimulate circRNA

biogenesis [31, 33]. Furthermore, a recent study also shows

that the major circRNA biogenesis is mediated by epithe-

lial mesenchymal transition (EMT) [34]. The EMT could

lose tumor cells epithelial features transiently, including

the loss of apico-basal polarity, disassembly of tight

junctions, and then obtain mesenchymal traits, therefore,

circRNA may be correlated with cell invasion and metas-

tasis [35]. Besides, it is also found that circRNAs can act as

miRNA and latent ceRNAs (competitive endogenous

RNAs) molecules [5, 7, 36], the ceRNAs contain miRNA

response elements, such as mRNAs, pseudogenes and long

non-coding RNAs (lncRNAs), and they also compete with

miRNA binding sites. Furthermore, Circular RNAs (cir-

cRNAs) consist of intronic circRNA and exonic circRNA;

intronic circRNA has the capability to affect RNA-medi-

ated inheritance and epigenetics in the cytoplasm; exonic

circRNAs could interact with miRNA sponges in the

cytoplasm and mediate miRNAs function [34], such as,

circRNAs ciRS-7/CDR1as (for circular RNA sponge for

miR-7 or CDR1 antisense) and Sry may serve as miRNAs

sponges [37]. The cerebellar degeneration related protein 1

(CDR1) gene could translate a natural circular antisense

transcript, which is called antisense to the cerebellar

degeneration-related protein 1 transcript (CDR1as) [38].

CDR1as expression is high in the brain and contains at

least 60 binding sites for miR-7 [7, 39]. Furthermore, it is

also shown that CDR1as may be connected with Parkin-

son’s disease, Alzheimer’s disease (AD) and brain devel-

opment [21, 39, 40]. The sex-determining region Y (Sry)

gene could mediate the mammalian sex determination and

contains 16 conserved binding sites for miR-138

[7, 34, 41]. Most importantly, miR-7 and Sry have been

confirmed playing a role in the occurrence and progression

of cancer; consequently, it implies that circRNAs may

mediate physiological and pathological processes by

binding to miRNAs (Fig. 1).

Circular RNA in alimentary canal tumor

Esophageal cancer is the eighth most common cancer and

the sixth leading cause of mortality in the word [42–44],

and one of the subtypes is esophageal squamous cell car-

cinoma (ESCC). Based on the latest study, it is found that

circ_0067934 expression is significantly higher in ESCC

than normal tissues. The circRNA hsa_circ_0067934 is

located at chromosomal region 3q26.2 that consists of two

exons joining through back-splicing [45]. Significantly, it is

also found that circ_0067934 expression is concerned with

ESCC differentiation, T stage, and TNM stage, and the

lower differentiated tumors, the higher expression levels of

circ_0067934. However, the circ_0067934 expression

levels are not concerned with tumor location or size and

lymph node metastasis [45]. Furthermore, circ_0067934

could boost ESCC cell proliferation and migration in vitro

and si-circ_0067934 could arrest cell cycle in G2 phase. In
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addition, another research shows that hsa-circ_002059

expression is significantly lower in gastric cancer than

normal tissues [6]. Furthermore, circ_002059 expression

levels in the plasma of postoperative gastric cancer patients

are significantly higher than those of preoperative gastric

cancer patients. More importantly, it is further found that

circ_002059 expression levels are significantly concerned

with gastric cancer patients’ distant metastasis, TNM stage,

gender and age [6, 46]. Colorectal cancer (CRC) is the third

most common cancer in the world and its prognosis rests

with tumor stage. By using RT-qPCR, it is found that the

ratios of circRNA/linear RNA are lower in colorectal

cancer tissues. Furthermore, through data set analysis, it is

found that there are 39 circRNAs significant, abnormal

expressions, and eleven circRNAs of them are overex-

pressions and twenty-eight of them are downexpressions in

cancer [23]. In addition, several studies also show that

circRNAs could be detected in the exosomes of colon
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Fig. 1 The biogenesis and function of circRNAs. a The circRNAs

are widespread existence in eukaryotic cells and mostly transcribed

from protein-coding genes by RNA polymerase II. The backsplicing

process comprises RNA circularization promoted via covalent joining

between a downstream splice donor site (50 splice site) and an

upstream acceptor splice site (30 splice site). Moreover, circRNAs

could function as miRNA sponges in the cytoplasm, such as, CDR1as

contains over 60 binding sites for miR-7, or ciR-Sry contains 16

conserved binding sites for miR-138. b Taking hsa_circ_0045324 and

hsa_circ_0069626 qPCR primers for example to detect their back-

splice junction
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cancer cell lines [25, 28]; surprisingly, circRNAs tend to be

more enriched in exosomes than cells. Subsequently, it is

revealed that circFAT1, circHIPK3, circARHGAP5,

circRTN4, and circMAN1A2 are proved to be existent in

exosomes and abnormal expression [47]. Therefore, it is

suggested that circRNAs may have the potential ability to

participate in oncogenesis (see Fig. 2).

Circular RNA in hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the third leading cause

of mortality in the word, and most HCC patients have a

poor prognosis because of its high rate of metastasis and

recurrence [42, 48–50]. However, circRNAs are connected

with HCC according to latest research. It is found that

circ_0001649 expression is lower in HCC than the adjacent

tissues, and its expression is related to tumor size and

tumor embolus. Significantly, the larger the tumor size, the

lower the expression of circ_0001649. Meanwhile, the

expressions of MMP-9, 10, and 13 are significantly

increased when si-circ_0001649 is transfected into HCC

cells. Therefore, the implication is that circ_0001649 may

be involved in tumor growth and metastasis [26]. Similarly,

we also find that circ_0000520, circ_0005075 and

circ_0066444 are also significantly and abnormally

expressed in HCC tissues through high-throughput cir-

cRNA microarray. However, only circ_0005075 expres-

sion is upregulated [51]. Furthermore, circ_0005075

expression is also associated with tumor size. Notably, it is

found that circHIPK3 is significantly overexpressed in liver

cancer than normal tissues [27]. CircHIPK3 is abundant

and constant in the cytoplasm, which only contains a large

second exon from the HIPK3 gene. Furthermore, cir-

cHIPK3 is found to sponge to 9 miRNAs, including miR-

124, miR-152, miR-193a, miR-29a, miR-29b, miR-338,

miR-379, miR-584 and miR-654. Notably, it is shown that

circHIPK3 directly combines with miR-124 and suppresses

miR-124 function [27]. MicroRNA-7 (miR-7) is one of the

endogenous non-coding RNA molecules, containing 23

nucleotides and is regarded as a crucial tumor suppressor.

Furthermore, miR-7 is often down-regulated in various

tumors and connected with the tumor cell proliferation,

invasion and apoptosis [52–56]. With the progress of

exploring circRNAs, it is found that circRNA-ITCH is the

sponge for miR-7, miR-17, and miR-214 [20]. CiRS-7

(also termed as Cdr1as) is the sponge for miR-7 in the

embryonic zebrafish midbrain and islet cells [5]. Mean-

while, it is also shown that ciRS-7 expression is signifi-

cantly higher in HCC than normal tissues, and

overexpression of ciRS-7 could increase the HCC cells’

proliferation [57]. However, according to another research,

there is no significant difference of ciRS-7 expression

levels between HCC and normal tissues, which needs to be

further gone into [58]. Yet ciRS-7 expression is signifi-

cantly connected with the serum AFP, and hepatic MVI of

HCC patients. Furthermore, ciRS-7 expression with con-

current MVI is negatively related to miR-7 and synergis-

tically related to PIK3CD and p70S6K, which are the

targets of miR-7. Therefore, the implication is that ciRS-7

will become a novel biomarker of hepatic MVI [58].

The function of circ-Foxo3

The Foxo3 gene encodes circular Foxo3 (circ-Foxo3) and

linear Foxo3 [59]. Previous research has confirmed that

Foxo3 acts as a tumor suppressor and correlates with

cancer progression [60]. Furthermore, Foxo3 could regu-

late cell function by mediating Akt, phosphatase and tensin

homolog (PTEN) and cyclins and cyclin-dependent kinases

(CDKs) [61, 62]. The transcript of the Foxo3 comprises of

7341 nucleotides, but the nucleotides Foxo3 circular RNA

only comprises of 1435 nucleotides. However, there are 25

identical binding sites among circ-Foxo3, Foxo3P and

Foxo3. It implies that these sequences may play a crucial

biological role [63]. Based on further experiments, it is

found that the circ-Foxo3 is highly expressed in non-cancer

cells and associated with cell proliferation and cell cycle.

circ-Foxo3 

CDK2 p21 

cell cycle

MDM2

p53 
Foxo3 

 cell proliferation 
and   apoptosis

Puma

circ-Foxo3-p21-CDK2 
ternary complex

CDK2 cyclin E 

Fig. 2 The function of circ-Foxo3. Circ-Foxo3 is highly expressed in

non-cancer cells and associated with cell proliferation, apoptosis and

cell cycle. Circ-Foxo3 regulates cell cycle by combining with CDK2

and p21, which hinders the combination between CDK2 and cyclin E.

Meanwhile, circ-Foxo3 decreases p53 expression and increases Foxo3

expression, which contributes to cell apoptosis and inhibiting

proliferation
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Ectopic expression of circ-Foxo3 inhibits cell proliferation,

promotes cell apoptosis and arrests cell cycle in the G1

phase. Furthermore, we also find that circ-Foxo3 inhibits

cell cycle progression by combining with the cell cycle

proteins, cyclin-dependent kinase 2 (CDK2) and cyclin-

dependent kinase inhibitor 1 (or p21). Cyclins and cyclin-

dependent kinases (CDKs) are two types of cell cycle

regulators. CDK2 is an essential regulator in the G1-S

phase transition. P21Cip1/Waf1 and p27Kip1 are two very

important cyclin-dependent kinase (CDK) inhibitors,

which negatively mediate G0/G1 phase progression [64].

Circ-Foxo3 acts on p21 and CDK2 to form circ-Foxo3–

p21–CDK2 ternary complex which hinders the combina-

tion between CDK2 and cyclin E, which hinders cell

transition from G1 into S phase [65]. Meanwhile, it is also

found that circ-Foxo3 could induce cell apoptosis. It is well

known that p53 acts as an admitted mediator to induce cell

cycle arrest and contributes to DNA repair or DNA damage

caused apoptosis [66]. Circ-Foxo3 promotes the combina-

tion between MDM2 and p53, which contributes to

MDM2-induced p53 ubiquitination and degradation, lead-

ing to inhibiting the expression of p53. Similarly, circ-

Foxo3 decreases MDM2-induced Foxo3 ubiquitination and

degradation, which leads to increasing Foxo3 expression

that serves as a trigger for apoptosis by up-regulating the

expression of Puma gene [67, 68]. To sum up, circ-Foxo3

could inhibit tumor cell proliferation, induce apoptosis and

arrest cell cycle in G1 phase.

Conclusion

In this review, it is learned that circRNAs could be

regarded as a novel biomarker in cancer development and

progression. Indeed, it has been confirmed that circRNAs

are involved in different types of cancer, including eso-

phageal cancer, gastric cancer and hepatocellular carci-

noma. Furthermore, circRNAs could regulate the

biological function by sponge for miRNA. However, fur-

ther research will be needed to reveal the biological

functions of the majority of circRNAs in terms of both

physiological and pathological processes so that it can be

applied to clinical use in future.
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