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Abstract: Circular RNAs (circRNAs) are a naturally occurring type of universal and diverse endogenous noncoding 
RNAs which unlike linear RNAs, have covalently linked ends. They are usually stable, abundant, conserved RNA 
molecules and often exhibit tissue/developmental-stage specific expression. Functional circRNAs have been iden-
tified to act as microRNA sponges and RNA-binding protein (RBP) sequestering agents as well as transcriptional 
regulators. These multiple functional roles elicit a great potential for circRNAs in biological applications. Emerging 
evidence shows that circRNAs play important roles in several diseases, particularly in cancer where they act through 
regulating protein expression of the pivotal genes that are critical for carcinogenesis. The presence of abundant 
circRNAs in saliva, exosomes and clinical standard blood samples will make them potential diagnostic or predictive 
biomarkers for diseases, particularly for cancer development, progression and prognosis. Here, we review the cur-
rent literature and provide evidence for the impact of circRNAs in cancers and their potential significance in cancer 
prognosis and clinical treatment.
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Introduction

The human transcriptome is very complex  
and diverse comprising of between 10,000-
32,000 long non-coding RNAs (lncRNAs), 
around 9,000 small RNAs, ~11,000 pseudo-
genes, and close to 21,000 protein-coding 
mRNAs [1]. This suggests that a large portion  
of the mammalian genome is transcribed into 
non-coding RNAs. At present, circular RNAs, a 
naturally occurring class of non-coding RNAs 
have become an important area of research 
focus [2]. The high-throughput RNA sequen- 
cing (RNA-Seq) technology combined with bio-
informatics method has been able to predict 
circRNAs. So far, several circRNA related da- 
tabases have been developed that are avail-
able for public use, including find_circ [3], 
CIRCexplorer [4], circRNAFinder [5], Circ2Traits 
[6], CIRI [7], circBase [8], starBase [9] and 
CircNet [10]. Evidence is emerging that a large 
number of circRNAs are endogenous, stable, 
abundant and conserved RNA molecules with 
cell type- or developmental stage-specific 

expression patterns in eukaryotic cells [11-14]. 
CircRNAs are typically devoid of the terminal 
structures (i.e., 5’ cap or a poly A tail) and mos- 
tly non-translated, can occur in any genomic 
region including gene-bearing regions and  
intergenic regions, and range in length from  
few hundred to thousands of nucleotides [3, 
13, 15]. Because of the lack of free ends, circu-
lar RNAs are resistant to exonucleases and 
more stable than linear RNA isoforms [3].

Regarding the function of circRNAs, recent pub-
lications have revealed that circRNAs serve as 
microRNA (miRNA) sponges which are believed 
to negatively regulate miRNAs by absorbing  
and sequestering miRNA molecules [3, 16]. 
Subsequent reports proposed that circRNAs 
can also regulate their parental genes tran-
scription [3, 11, 12], modulate processes of 
development and cell proliferation and interact 
with RNA-binding proteins [14, 17-20]. Most 
recently, circRNAs have also been used as 
potential biomarkers of aging in Drosophila [5] 
and as potential biomarkers to detect diseases 
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from human saliva [21, 22]. The roles of cir-
cRNAs in the process of cancer initiation and 
progression has also gathered prominence [23-
26]. Cancer remains as one of the leading 
causes of mortality worldwide [27], therefore it 
remains imperative to identify new diagnostic 
biomarkers and novel therapies to improve the 
survival rate of cancer patients. Deciphering 
circRNAs interplay with other RNA species in 
cancer would likely confer circRNAs great 
potential to become new diagnostic markers in 
early stages of cancer, and raise possibility for 
novel therapeutic interventions.

In this review, we provide a concise and up to 
date overview of circRNAs, and in particular dis-

cuss the context in which  
circRNAs play a role in can- 
cer diagnosis and targeted 
therapy. 

What is the nature of  
circRNA?

According to different bio- 
genesis patterns from geno- 
mic regions, circRNAs can be 
divided into four categories: 
exonic circRNA (ecircRNA)  
[3, 11, 12], circular intronic 
RNA (ciRNAs) [17], exon-in- 
tron circRNAs [18] and inter-
genic circRNAs [3, 28]. It has 
been reported that circRNAs 
are predominantly generated 
from the back-splice exons, 
where downstream 3’ splice 
donors are covalently linked 
to upstream 5’ splice accep-
tors in reverse order [29]. 
Jeck and colleagues pro-
posed two models of ecir-
cRNA: ‘lariat-driven circular-
ization’ (Figure 1A) and 
‘intron-pairing driven circular-
ization’ (Figure 1B) [11]. Long 
flanking introns are believed 
to be essential for the exon 
circularization: they contain 
ALU repeats [11], and possi-
bly help determine the pro-
duction rate of circRNAs [20]. 
Finally, introns between the 
encircled exons are usually 
spliced out [13], but are 

Figure 1. Possible models of circRNAs biogenesis. A. Lariat-driven circu-
larization. Exon skipping event results in circular RNA formation where the  
3’ splice donor site of exon 1 covalently links to the 5’ splice acceptor of  
exon 4, forming a lariat structure containing the skipped exons 2 and 3 as 
well as an mRNA consisting of exons 1 and 4. This lariat is spliced internally, 
removing or retaining the intronic sequence to generate ecircRNA or EIciR-
NA. B. Intron-pairing-driven circularization. Direct base-pairing of the introns 
flanking inverted repeats or ALU elements forms a circular structure. The  
introns are removed or retained to form ecircRNA or EIciRNA. C. ciRNAs. 
The ciRNAs are generated from lariat introns that can escape debranching. 
GU-rich sequences near the 5’ splice site (blue box) and C-rich sequences  
near the branch point (red box) are sufficient for an intron to escape  
debranching and become a stable circRNA. D. RBP-driven circularization. 
Interactions between RBPs form a bridge between the flanking introns to 
facilitate the exon circulation. A circRNA or an EIciRNA is generated due to 
the retention of internal introns. E. Intergenic circRNA. ecircRNAs are always 
located in the cytoplasm, where they have extraordinary stability due to their 
resistance to RNA exonucleases. In contrast, ciRNAs and EIciRNAs are pre-
dominantly located in the nucleus.

retained in a few cases which Li termed exon-
intron circRNAs or EIciRNAs [18]. Additionally, 
another class of intron-derived circRNAs in 
human cells, ciRNAs, were identified by Zhang 
and colleagues [17]. The biogenesis of such  
ciRNAs depends on a consensus motif con- 
taining a 7 nucleotide (nt) GU-rich element near 
the 5’ splice site and an 11 nt C-rich element 
near the branchpoint site [17] (Figure 1C). In 
general very little is known about these circu-
larized transcripts, and the precise mechanism 
guiding the biogenesis of circRNAs remains 
unclear. 

Emerging studies suggest an additional mode 
of circRNA biogenesis depend on RNA binding 



Circular RNA and biomarker

1169	 Am J Cancer Res 2016;6(6):1167-1176

proteins (RBPs) (Figure 1D). The splicing fac-
tors Quaking (QKI) [30] and Muscleblind (MBL) 
[20] are able to promote the formation of cir-
cRNAs by binding to sequence motifs of flank-
ing introns, forming a bridge to link two flanking 
introns close together. This process is similar to 
the model of intron-pairing driven circulariza-
tion, except that RBPs regulate adjacent splice 
sites in place of direct base pairing between 
complementary motifs. In contrast, research-
ers have identified that RNA-editing enzyme 
ADAR1 is able to bind to double-stranded RNA 
to abolish circRNA formation by melting the 
stem structure [18]. Therefore, RBPs may either 
serve as activators of circularization by bridging 
complementary sequences or as inhibitors by 
inhibiting canonical splicing. Kramer and col-
leagues demonstrated that the Drosophila lac-
case2 circular RNA level is controlled by multi-
ple heterogeneous nuclear ribonucleoprotein 
(hnRNP) and serine-arginine (SR) proteins in a 
combinatorial manner which is unlike the previ-
ously characterized MBL circular RNA [31]. 
Both hnRNP and SR proteins also regulate the 
expression of other Drosophila circular RNAs, 
such as Plexin A, suggesting that combinatorial 
control may be a common regulatory strategy 
for modulating circRNAs levels [31]. Indeed, in 
addition to the above elements, some other 
characteristics may be essential for the biogen-
esis of circRNAs. For example, genes that  
give rise to circRNAs present more active pro-
moter regions, including significantly higher 
H3K27Ac and lower DNA methylation, com-
pared to genes hosting only linear RNAs [32].

Correlation between circRNAs and cancer 

Recent research has indicated that circRNAs 
may play a crucial role in the initiation and 
development of some diseases such as athe- 
rosclerosis, Parkinson’s disease, diabetes, 
prion related diseases and many others [33, 
34]. It is possible that some circRNAs may  
have cancerogenic functions in cancer. Gene 
ontology (GO) enrichment analysis of the data-
base Circ2Traits was performed on the set of 
protein-coding genes in miRNA- circRNA inter-
actome of individual diseases to detect the 
enrichment of genes associated with particular 
biological processes. This study revealed 
enrichment of biological processes for mRNAs 
related to 90 diseases, including several kinds 
of tumors. Among these mRNAs, 22 genes are 

involved in responding to light stimulus and 43 
genes are cell cycle-related genes associated 
with breast cancer. There are 194 and 68 
genes involved in different pathological pro-
cesses of cervical cancer and gastric cancer, 
respectively. Interestingly 12 genes that re- 
spond to DNA damage stimulus involved in  
oral carcinoma were also identified [6]. In addi-
tion, researchers [25] have reported a global 
reduction in the ratio of circular RNA to their 
corresponding linear transcripts in tumor tis-
sue, especially in colorectal cancer cell lines 
compared to normal colon samples. Further- 
more, there is a negative correlation between 
this ratio and the proliferation index which 
could infer that circRNAs accumulate in non-
proliferating cells [25]. A similar phenomenon 
was found in yeast (Schizosaccharomyces 
pombe) following starvation where decreased 
cell proliferation was accompanied by a rise in 
circRNA abundance [35]. Another publication 
reported that the expression patterns of cir-
cRNAs are more diverse in cancer cells than in 
non-cancer cell types, whereas the reverse  
tendency was observed for their counterpart 
linear mRNA transcripts [7]. Qu and colleagues 
also identified that circRNA expression signa-
tures are dysregulated in Pancreatic Ductal 
Adenocarcinoma (PDAC) through microarray 
platform analysis [36]. These findings implied 
that dysregulated circRNAs likely play profound 
roles in the progression of cancer. So far, our 
understanding of the biological function of cir-
cRNAs in tumorigenesis is limited. Therefore, 
further studies on the mechanism of circular 
RNA in cancer initiation and progression should 
be conducted.

CircRNAs as miRNA sponge in cancer

miRNAs are non-coding RNAs that have an 
important role in fine-tuning post-transcription-
al gene expression and are associated with 
several diseases, particularly cancer, where 
they act through the repression of downstream 
tumor-suppressive mRNAs [37]. Because of the 
complementarity of circRNAs to their targets, 
they can bind to miRNAs and competitively  
suppress the activity of miRNAs. The human/
mouse ciRS-7/CDR1as and mouse Sry are the 
two most representative circRNA, which func-
tion as miRNA sponges [3, 16]. ciRS-7 originat-
ing from the transcript anti-sense to the CDR1 
gene is ~1,500 nt in length and is found pre-
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dominantly in human and mouse brain [38]. 
circRNA Sry has 16 miR-138 binding sites  
and CDR1as/ciRS-7 comprises as many as 74 
miR-7 binding sites [39]. ciRS-7 is sensitive  
to miR-671 and can be endonucleolytically 
cleaved via binding of miR-671 in an AGO2-
dependent manner. Hence, ciRS-7 may facili-
tate transport of miR-7 to a subcellular location 
where miR-671 activity would release miR-7 by 
cleavage of ciRS-7 [3, 40]. Accumulated evi-
dence shows that overexpression of circRNA 
CDR1as/ciRS-7 or Sry results in increased 
expression of miRNA target genes, while  
knockdown of these circRNAs has the opposite 
effect [3, 16].

This establishes a novel approach whereby  
circRNAs can regulate the progression of can-
cer through sequestering specific miRNA spe-
cies associated with proliferation, differentia-
tion, migration and carcinogenesis process. For 
example, miR-7 can serve as a tumor suppres-
sor that is down-regulated in a variety of can-
cers, such as breast cancer [41], cervical can-
cer [42], Schwannoma tumor [43], tongue can-
cer [44], lung neoplasm [45], gastric carcinoma 
(GC) [46], hepatocellular carcinoma (HCC) [47] 
and colorectal cancer [48]. It has conclusively 
been demonstrated that miR-7 is involved in 
many cancer-related signaling pathways via 
directly down-regulating expression of crucial 
oncogenic factors including EGF receptor, IRS-1 
and IRS-2 [49], Pak1 [50], Raf1 [51], Ack1 [43], 
PA28γ [52], YY1 [48], PIK3CD and mTOR [47]. 
In addition, miR-7 indirectly down-regulates 
STAT3 by down-regulating SETDB1, resulting in 
partial reversal of epithelial to mesenchymal 
transition (EMT) and suppressing the invasion 
and metastasis in breast cancer stem cells 
[41]. miR-7 inhibits metastasis in HCC by direct-

ly targeting and attenuating 
RELA, subsequently leading 
to NF-κB activation [53]. 

Although increasing evidence 
supports miR-7’s role as a 
tumor suppressor, contrary 
evidence has also been pre-
sented where viral oncogene 
E6/E7 expression in the HPV-
positive HeLa cell line is asso-
ciated with miR-7 overexpres-
sion [54]. miR-7 expression is 
increased in advanced colo- 
rectal cancers and in select- 

Figure 2. A miR-7/ciRS-7/target gene regulatory network analyzed through 
CircNet database (http://circnet.mbc.nctu.edu.tw/). The ciRS-7/CDR1as is 
also named circ-CDR1-antisense.5 in the CircNet database.

ed cell lines (SW480, DLD-1, and COLO201) 
compared to normal mucosa specimens [55]. 
Furthermore, miR-7 overexpression by stable 
transfection induces proliferation and migra-
tion in naturally immortalized skin cells HaCaT 
and A549 cells, suggesting miR-7 can act as  
an oncomiR in an epithelial context [56]. In 
summary, miR-7 is closely coupled to ciRS-7 
through multiple miRNA response elements 
(MREs) in the circular RNA. It has been implied 
that fine-tuning of the miR-7/miR-671/ciRS-7 
axis will likely serve as profound factors involved 
in cancer-associated biological processes, 
which may either promote cancer progression 
or suppress carcinogenesis depending on the 
expression level of miRNA target genes. An 
overview of miR-7/ciRS-7/target gene regulato-
ry network constructed by CircNet database 
[10] is shown in Figure 2.

Considering the large a number of circRNAs 
that have been identified, it is possible that 
many circRNAs may function as microRNA 
sponges in regulating the proliferation, metas-
tasis and invasion of cancer. A recent study 
reported that cir-ITCH expression is significant-
ly decreased in esophageal squamous cell car-
cinoma (ESCC) compared to the peritumoral 
tissue. Cir-ITCH may have a tumor suppressive 
role in ESCC and serves as the sponge of miR-7, 
miR-17 and miR-214, resulting in an increase in 
the level of ITCH, which promotes ubiquitin-
mediated Dvl2 degradation and reduces the 
expression of the oncogene c-myc, thereby 
inhibiting the Wnt/β-catenin signaling [24]. 
Analogously, Foxo3 circular RNA (circ-Foxo3) 
can also act as a sponge of potential miRNAs 
increasing Foxo3 translation thereby suppress-
ing tumor growth, cancer cell proliferation and 
survival [57]. Expression patterns in CircNet 
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indicated that four identified circRNAs--circ-
ZEB1.5, circ-ZEB1.19, circZEB-1.17 and circ-
ZEB1.33 were down-regulated in lung cancer 
specimens compared to the normal lung tissue 
samples, and all four circRNAs have the poten-
tial to sponge the miR-200 [10]. Zhang and col-
leagues also identified a highly expressed cir-
cRNA, CircRNA_1093, with a short sequence of 
108 bp that has 4 miR-342-3p binding sites 
[15]. Notably, miR-342 has recently been 
reported to regulate BRCA1 expression in 
breast cancer [58]. Although the proposal of 
competing endogenous RNA (ceRNAs) as regu-
lators is novel [59, 60] and controversial [61], 
the stability and other properties of circRNAs 
may confer ceRNA activity with additional 
advantages. The circRNAs that act as miRNA 
sponges are providing us a novel perspective to 
treat cancer, so more circRNA-miRNA-gene reg-
ulatory networks in cancer initiation and pro-
gression are needed for further investigations. 

CircRNAs as RBP sponges in cancer

A variety of functions have been elucidated 
regarding circRNAs, including “sponging” or 
sequestering of factors, such as RNA-binding 
proteins (RBPs) or ribonucleoprotein complex-
es (RNPs) [2]. Recent studies indicate that  
circRNAs can stably associate with AGO pro-
teins [3, 16], RNA polymerase II [17], MBL [20], 
Quaking [30], EIF4A3 [62], and perhaps other 
potential RBPs as well. Analysis of RBP binding 
sites on human circRNAs by a new web tool, 
CircInteractome, suggested that some cir-
cRNAs are ‘super-sponges’ with exceptionally 
high density of binding sites for a given RBP; for 
example, hsa_circ_0024707 could function as 
a super sponge for AGO2 with 85 predicted 
positions, and the mature circRNA hsa_
circ_0000020 contains multiple binding sites 
for several RBPs like HuR (6 sites) and FMRP 
(10 sites) [62]. These circRNAs can be used as 
carriers to store, sort, or deliver RBPs to par-
ticular subcellular locations, and perhaps regu-
late the function of RBPs by acting as compet-
ing elements [3, 63]. 

RBPs may be involved in a diversity of post-
transcriptional regulatory processes such as 
RNA alternative splicing, stability, transport and 
translation. So by regulating gene expression, 
RBPs play important roles in cell proliferation, 
differentiation, motility, apoptosis, senescence, 
as well as the cellular responses to oxidative 

stress [64, 65]. RBP dysregulation of transcrip-
tion or expression plays a critical role in cancer 
development [66, 67]. For example, in recent 
years, the RNA-binding protein quaking 5 (QKI-
5) has been recognized as a novel tumor sup-
pressor in many cancers. Some of QKI isoforms 
are frequently down-regulated in lung cancer, 
and QKI-5 inhibits the proliferation and trans-
formation in lung cancer cell lines [68]. Similarly, 
in prostate cancer, QKI-5 can inhibit prostate 
cancer cell proliferation, cell cycle progression 
and invasion capability and experimentally 
induces cancer cell apoptosis [69]. While the 
formation of circRNAs is regulated by QKI pro-
teins, which themselves are regulated during 
EMT. Furthermore, upregulation of most cir-
cRNAs during EMT suggests they carry out 
important functions in EMT [30]. Since EMT is 
widely known to have an important function in 
the progression of carcinomas to metastasis, 
further work in this area will bring insight to the 
therapeutic role of QKI-mediated circRNAs in 
cancer. In addition, as a multifunction player, 
AGO proteins have also revealed participation 
in tumorigenesis via miRNAs-dependent or 
independent pathways. AGO2 was found ectop-
ically over-expressed in carcinomas and closely 
related to the progression of cancers by way of 
interacting with well-known tumor factors [70]. 
These examples imply that RBPs and circular 
RNAs might intricately intertwine to contribute 
to regulate the cancer progression. 

CircRNAs as transcriptional regulators in can-
cer

Misregulation of cancer-related alternative 
splicing is frequently associated with an imbal-
ance in the expression of splicing factors. As 
circRNAs can be regarded as a type of alterna-
tive splicing isoforms, they may function in reg-
ulating gene expression at the level of alterna-
tive splicing. Some ciRNAs such as ci-ankrd52, 
ci-mcm5 and ci-sirt7 can enhance the expres-
sion of their parental mRNAs [17, 39]. Some of 
these parental genes can be associated with 
tumorigenesis, playing a tumor suppressor or 
promoter role. For example low expression of 
SIRT7 is associated with an aggressive tumor 
phenotype and poorer outcome in PDAC [71]. 
Similarly, over-expression of MCM5 is associ-
ated with the aggressive progression and poor 
prognosis of oral squamous cell carcinoma [72] 
and MCM5 can be considered as one candi-
date marker in colorectal cancer [73]. 
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CircRNAs as potential diagnostic and prognos-
tic biomarkers in cancer

According to recent publications, several 
remarkable characteristics of circRNAs can be 
highlighted. 1) High abundance: Salzman and 
colleagues firstly reported that circRNAs are 
the most universal molecules after linear RNAs 
distributed in human cells [74], and they appear 
more abundant than expected before. In some 
cases, the abundance of circRNAs exceeds 
those of the corresponding linear mRNAs by a 
factor of 10 [11]. 2) Stability: the covalently 
closed loop structures of circRNAs likely confer 
high resistance to RNA exonuclease or RNase  
R activity conferring much higher stability than 
linear RNAs [75]. The average half-life of cir-
cRNAs in most species is more than 48 h, while 
the half life on average of mRNAs is about 10 h 
[76]. 3) Conservatism: circRNAs show an 
ancient, evolutionarily conserved feature in dif-
ferent species [11, 35]; For example, many cir-
cRNAs can be detected in both humans and 
mice including Drosophila. 4) Location: majority 
of circRNAs are ecircRNAs which are primarily 
located in the cytoplasm and possibly possess 
MREs [2, 3]. Whereas intronic circRNAs both 
ciRNAs and EIciRNAs are primarily located in 

the nucleus in eukaryotes and may participate 
in regulation of gene expression [17, 18]. 5)  
circRNAs often exhibit tissue/developmental-
stage specific expression. For example, cir-
cRNAs are highly enriched in the mammalian 
brain, especially so in the synapses, and are 
dynamically up-regulated during neuronal dif-
ferentiation [14]. Hence many of these proper-
ties confer a unique advantage to circRNAs as 
potential biomarkers of cancer diagnosis and 
prognosis in multiple organs including the 
brain.

One recent research reported that circRNAs 
are more abundant in exosomes compared to 
the cytoplasm of producer cells, and the abun-
dance of tumor-derived exo-circRNA in serum 
of xenografted mice is related with tumor mass. 
In addition, they found that the expression pro-
file of circRNAs in serum of cancer-bearing mice 
is significantly different from that in normal 
mice. As many as 67 circRNAs were absent and 
257 circRNAs were newly identified in cancer 
samples, compared to healthy animals. Notably, 
many of the host genes of new circRNAs are 
significantly up-regulated in colorectal cancer 
tissues [77]. These results provide a new and 
unique reference for employing circRNAs as a 
class of exosome-based cancer biomarkers for 

Table 1. Summary of well-studied cancer-related circular RNAs
CircRNAs Function Cancer type Reference
CDR1as miR-7 sponge Breast cancer [41]

Cervical cancer [42]
Schwannoma tumor [43]
Tongue cancer [44]
Lung neoplasm [45]
Gastric carcinoma [46]
Hepatocellular carcinoma [47]
Colorectal cancer [48]

circ-ZEB1.5 miR-200 sponge Lung cancer [10]
circ-ZEB1.19 
circ-ZEB1.17 
circ-ZEB1.33
circRNA_1093 miR-342 sponge Breast cancer [15]
cir-ITCH Inhibiting Wnt/β-catenin signaling Esophageal squamous cell carcinoma [24]
ci-sirt7 Enhance sirt7 expression Pancreatic ductal adenocarcinoma [17, 71]
ci-mcm5 Enhance mcm5 expression Oral squamous cell carcinoma [17, 72]

Colorectal cancer [17, 73]
circ-Foxo3 Enhance Foxo3 translation Breast cancer [57]
hsa_circ_002059 Potential value biomarker Gastric carcinoma [78]
hsa_circ_0001649 Potential value biomarker Hepatocellular carcinoma [79]

http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E8%83%B0%E8%85%BA%E5%AF%BC%E7%AE%A1%E8%85%BA%E7%99%8C
http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E8%83%B0%E8%85%BA%E5%AF%BC%E7%AE%A1%E8%85%BA%E7%99%8C
http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E8%83%B0%E8%85%BA%E5%AF%BC%E7%AE%A1%E8%85%BA%E7%99%8C
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the early diagnosis and prognosis. Moreover, 
attempts to identify other circRNAs as diagnos-
tic biomarkers of cancer are emerging rapidly. 
Researchers have identified hsa_circ_002059 
and hsa_circ_0001649 to be significantly 
down-regulated in gastric cancer and HCC. A 
decrease in the expression levels are consid-
ered responsible for the tumorigenesis and 
metastasis of the cancer and can potentially 
serve as a valuable biomarker for the diagnosis 
of gastric cancer and HCC [78, 79]. Many  
well-studied cancer-associated circRNAs are 
summarized in Table 1.

Perspective

In summary, functional roles of circRNAs in the 
regulation of protein-coding gene expression 
through acting as miRNA sponges, RBP spong-
es and transcriptional regulators confer a great 
variety of functional potential to circRNAs. The 
fact that circRNAs are found abundant in  
saliva [22], exosomes [77] and clinical stan-
dard blood samples [80] makes circRNA a 
promising diagnostic biomarker for diseases, 
such as cancer screening and susceptibility 
evaluation. In future studies identification of 
circRNA biomarkers will not only be possible in 
saliva and blood but also in other clinical sam-
ples such as urine and cerebrospinal fluid. 
More importantly, circRNAs studies provide a 
new avenue for disease therapy, by which circu-
larization of RNA may be the future target of  
disease treatment. For example, a future sce-
nario where overexpression of an artificial cir-
cRNA acting as a ‘super-sponge’ or silencing 
the circRNAs in cells to remodel and change  
the expression profile of miRNAs and other 
RNAs or RBP levels to increase the activities of 
a suppressor gene in the context of cancer 
therapy can be envisioned. Although there are 
several studies on circRNAs, relatively little is 
known of biological and molecular mechanisms 
of circRNAs in cancer progression. It will be 
necessary to identify many more circRNAs 
involved in diseases and explore their func- 
tional motifs and target sites to improve the 
diagnosis and treatment of circRNA-related 
diseases.
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