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Abstract
As a type of novel noncoding RNAs, circular 
RNAs (circRNAs) have attracted great interest 
due to its different characteristics from linear 
RNAs. They are abundantly and stably present 
in the transcriptome of eukaryotic cells, with 
development stage specificity and high con-
servatism. Because circRNAs are not easily 
degraded by exonuclease RNase R, they can 
exist more stably in body fluids than linear 
RNAs. Based on these unique conditions, cir-
cRNAs have great potential value as clinical 
diagnostic and prognostic markers. As the 
research deepens, more and more evidences 
suggest that circRNAs may be closely associ-
ated with many diseases, especially cancer. 
Numerous studies have demonstrated the 
abnormal expression of circRNAs in cancer, 
and they can regulate the occurrence and pro-
gression of cancer by targeting key genes. 
Abundant circRNAs in tissues and cells can be 
released into saliva and blood. It is undeniable 

that circRNAs are a class of promising future 
biomarkers for cancer diagnosis and progno-
sis. Here we summarize the researches on cir-
cRNAs and cancer over the past few years. We 
expect this summary to be a stepping stone to 
further exploration of possible circRNAs as 
cancer biomarkers.
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1  Introduction

With the development of biotechnology and 
computer technology, more and more “invisible 
substances” are exposed in the organism, such as 
circular RNAs (circRNAs). Although do not 
encode proteins, they are indispensable in regula-
tory processes. As the latest research hotspot, cir-
cRNAs are a group of newly validated noncoding 
RNA molecules which form a covalent ring 
structure instead of having a cap structure at the 
5′ end and poly (A) tail at the 3′ end. It was found 
in RNA viruses as early as the 1970s and once 
thought to be by-products of aberrant RNA splic-
ing due to low expression levels [1, 2]. With the 
rapid development of bioinformatics and 
sequencing technologies, large-scale analysis of 
transcriptome data becomes possible, and the 
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characteristics and functions of circRNAs, a sort 
of ancient and conservative molecules, are being 
gradually unveiled. It is well known that cir-
cRNAs are richly expressed in various tissues 
and cells throughout the human body and play 
vital roles in regulating physiological and patho-
logical processes [3, 4]. CircRNAs are abundant 
in the transcriptome of eukaryotic cells and con-
servative in species. They are also stable in 
expression and exhibit tissue and development 
stage specificity [5–7]. In 2013, professor 
William R.  Jeck’s team detected more than 
25,000 circRNAs in human fibroblasts, while in 
the same year, Memczak et  al. identified 1950 
human circRNAs and 1903 mice circRNAs 
through RNA-seq data combined with the human 
leukocyte database [3]. Unlike linear RNAs, cir-
cRNAs are not easily degraded by exonuclease 
RNase R in body fluids; therefore they have the 
potential application value as clinical diagnostic 
and prognostic markers [8].

Cancer is characterized by high mortality, and 
its incidence is increasing in recent years [9]. It is 
one of the major diseases threatening human life 
and social economic development and therefore 
brings the focus of attention [10, 11]. A survey on 
the incidence of global cancer in 2012 showed 
that there are approximately 14.1 million new 
cancer cases and 8.2 million cancer deaths world-
wide each year. Lung cancer and breast cancer 
are the most common types of cancer [9, 12]. The 
essence of tumor formation is a kind of genetic 
disease, of which tissues infiltration and metasta-
sis are the major features [13–15]. Its pathogen-
esis refers to multiple steps and mechanisms. 
New approaches for early diagnosis and treat-
ment of cancer have been sought for a long time. 
Biomarkers for cancer have emerged as a class of 
molecules closely related to the development and 
progression of tumors [16]. They play key roles 
in many aspects such as early diagnosis, thera-
peutic monitoring, and prognostic evaluation 
[17].

It is universally known that microRNAs (miR-
NAs) control a large number of biological pro-
cesses by direct interaction with their target 
mRNAs. This regulation can be achieved by 
inhibiting translation or by triggering the degra-

dation of the target mRNA [18, 19]. Multiple 
researches have shown that miRNAs play an 
important regulatory role in the development of 
tumors [20–22]. Recently independent experi-
ments have demonstrated that circRNAs can 
serve as sponges for miRNAs, which means that 
they can bind with miRNAs and thus suppress the 
function of miRNAs [3, 23]. These findings trig-
ger the exploration of the potential regulatory 
effect of circRNAs on cancer. Technologies such 
as circRNAs chip and qRT-PCR have been widely 
used in the studies related to circRNAs and can-
cer. So far, many circRNAs have been found to be 
closely related to cancer and bring new dawn of 
the early diagnosis and treatment of cancer [24].

2  The Characteristics 
of CircRNAs

There are numerous types of circRNAs, which 
are huge in number and widely distributed in the 
organisms. The circRNAs currently found are 
mainly divided into three categories according to 
their origin: exonic circRNAs (ecRNAs), intronic 
circRNAs (ciRNAs), and exon-intron circular 
RNAs (EIciRNAs) composed of exons and 
introns. They are characterized by extremely 
high stability, strong evolutionary conservation, 
and unique temporal and spatial expression. 
Studies have found that the expression levels of 
circRNAs are ten times higher than their linear 
isomers [25]. The half-life of circRNAs with the 
peculiar loop structure is more than 48 h, which 
is far much longer than the linear mRNAs (10 h 
in average); this is why the circRNAs can be 
more stable in tissues, cells, and body fluids [25, 
26]. However, the expression of the circRNAs is 
not dependent on the linear mRNA expression of 
its parental genes but changes with the life activi-
ties such as growth and senescence. Moreover, 
the type and content of circRNAs in different 
cells and tissues are also distinct [27, 28]. When 
the abundance of the circRNAs with conservative 
nucleotide sequences increases, they can com-
pete with other RNA or miRNAs by competi-
tively binding to the RNA-binding protein (RBP) 
[3]. These properties give circRNAs a unique 
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advantage as diagnostic and prognostic markers 
for clinical diseases. CircRNAs are widely 
involved in the processes of physiological and 
pathological regulation of human beings. Large 
amounts of circRNAs in organisms influence 
basic life activities such as cell proliferation, 
cycle progression, cell senescence, and apoptosis 
by regulating gene expression.

The mechanisms of the discovered circRNAs 
mainly include the following three types:

 1. As molecular sponges of miRNAs: this is a 
relatively common function of circRNAs and 
the most promising direction in circRNAs 
researches. CircRNAs themselves contain at 
least one miRNA binding site and therefore 
can serve as miRNA sponges to regulate the 
expression of target genes which are inhibited 
by miRNAs through ceRNAs [3]. The ceR-
NAs network in the living body is complex, 
and any minor changes can affect gene expres-
sion and induce tumorigenesis. Therefore, the 
competitive combination of circRNAs is 
essential to maintain the balance of the ceR-
NAs network.

 2. Regulate gene transcription and cleavage: 
the mechanism of this process is diverse. It 
can not only enhance the expression of 
parental gene through miRNAs but also exert 
a positive feedback on its parental genes 
through interaction with RNA polymerase 
II. It is also possible to regulate parental gene 
expression through competitive splicing fac-
tors. CircRNAs can regulate parental genes 
through positive feedback and negative feed-
back control at different expression levels [5, 
29, 30].

 3. Interact with RNA-binding proteins: cir-
cRNAs can bind stably with RNA-binding 
proteins such as AGO (argonaute), RNA poly-
merase II, muscleblind protein (MBL), vari-
able factor QKI (Quaking), and eukaryotic 
translation initiation factor 4A3 (EIF4A3). 
They can store and transport RBP to compete 
with RBP substrate for its binding site and 
thereby regulate the activity of RBP and inter-
fere with the normal function of a protein in a 
direct or indirect way [3, 5, 30–32].

Since the first discovery of circRNAs in 1976, 
more and more mature technologies such as high- 
throughput sequencing and gene chip have been 
applied to explore their biological functions. On 
the other hand, the establishment and enrichment 
of the database also provide extremely conve-
nient conditions for the in-depth study of the cir-
cRNAs. The current databases of circRNAs 
include circRNABase, circBase, Circ2Traits, and 
CircNet. Through these databases, we can query 
circRNAs sequences, genome annotations, 
expression profiles, miRNA-circRNA interaction 
networks, and related disease information. With 
these supports we have made tremendous prog-
ress in the study of circRNAs.

3  CircRNAs in Cancer

3.1  Lung Cancer

The changes in lifestyle, dietary pattern, and dete-
riorating environment have led to a rising trend in 
the prevalence of cancer patients. Worldwide, the 
incidence and mortality of lung cancer account 
for the third most severe human tumor. Meanwhile 
it is one of the most malignant tumors in the world 
[33]. According to the World Cancer Report 2014 
released by WHO, there are 1.82 million new lung 
cancer cases in 2012 and 1.59 million deaths 
caused by lung cancer, accounting for 13% and 
19.4% of the incidence and deaths of all malig-
nant tumors [34]. The epidemiological data mani-
fest that the morbidity and mortality rates of lung 
cancer are both the highest among global malig-
nant tumors. More than 220,000 cases were diag-
nosed with lung cancer in 2015, and the number 
of patients who died of lung cancer in the same 
year exceeded 158,000 [35]. Moreover, about 
85% of lung cancers are non-small cell lung can-
cer, and 25–30% of non-small cell lung cancers 
are squamous cell carcinomas [36]. At present, 
the common clinical treatment methods, includ-
ing surgical resection, radiation therapy, and che-
motherapy, cannot reduce the incidence of lung 
cancer. The 5-year survival rate of lung cancer 
patients is only 15.9% [37]. Therefore, innovative 
new treatments are urgently needed.
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A variety of circRNAs with high expression in 
lung cancer have been found. Hsa_circ_0000064 
is upregulated in lung cancer tissues and lung 
cancer cell lines A549 and H1229. The abnormal 
expression of hsa_circ_0000064 is closely related 
to the clinical features such as tumor lymph node 
metastasis and TNM staging [38]. The high 
expression of circRNA-100876 in non-small cell 
lung cancer (NSCLC) is closely related to the 
lymph node metastasis and tumor stage of lung 
cancer. Additionally, the overall survival time of 
NSCLC patients with high circ_100876 expres-
sion is significantly shorter [39]. Circ-HIPK3 can 
be detected in the NSCLC cell lines H1299, 
H827, H1975, H2170, H520, and H1650. 
Experiments have shown that circ-HIPK3 can 
regulate the expression level of insulin-like 
growth factor1(IGF1) and promote cell prolifera-
tion by binding to miR-379  in NCI-H1299 and 
NCI-H2170 cells [40]. Hsa_circ_0013958 is sig-
nificantly upregulated in histiocytes and plasma 
of lung adenocarcinoma patients and shows sta-
tistically significant correlation with lymph node 
metastasis and tumor staging [41]. By applying 
high-throughput sequencing on tumor and adja-
cent tissue from four cases with nonsmoking 
early lung adenocarcinoma, Zhao et al. detected 
more than 300 circRNAs differentially expressed 
in tumor tissues and later verified 5 of them by 
RT-qPCR. Consistent with the results of the chip, 
it provided potential targets for early diagnosis 
and treatment of early-stage lung adenocarci-
noma [42]. Cdr1as (ciRS7) contains more than 
70 selective binding sites for miRNAs, which can 
strongly inhibit the activity of miR-7 and hence 
activate the miR-7-regulated genes. It has a regu-
latory effect on many diseases [23]. Importantly, 
similar to liver cancer, Cdr1as can also inhibit 
tumors in lung cancer by binding to miR-7 [43]. 
The circ-ITCH is significantly reduced and can 
act as miR-7 and miR-214 sponge in lung cancer. 
It can inhibit the activation of Wnt/β-catenin sig-
naling pathway by enhancing the expression of 
the ITCH gene and thereby suppresses the prolif-
eration of lung cancer cells [44]. A new mecha-
nism of cinnamaldehyde intervention on NSCLC 
through hsa_circ_0043256/miR-1252/ITCH axis 
was proposed in another work. The gene expres-

sion of ITCH is found positively correlated with 
hsa_circ_0043256. As a miR-1252 sponge, hsa_
circ_0043256 is significantly downregulated, 
weakening the inhibitory effect of cinnamalde-
hyde, when cinnamaldehyde is used to block the 
Wnt/β-catenin signaling pathway [45].

3.2  Gastrointestinal Cancer

Gastrointestinal cancer is one of the most common 
malignancies which seriously threatens the life 
and health of human beings [46]. The gastric and 
colorectal cancers are the most common in this 
kind of diseases. Studies have shown that the inci-
dence and mortality of gastric cancer rank second 
in China, which is second only to lung cancer, 
while colorectal cancer ranks fifth among all 
malignancies [47]. The 5-year survival rate of 
advanced gastric cancer is less than 30% [48]. 
Tumor markers including AFP, CEA, CA19-9, and 
CA50 are commonly used to assist the clinical 
diagnosis and prognosis of gastrointestinal tumors. 
In order to compensate for the lack of tumor detec-
tion markers, attempts are made to find circular 
RNAs with diagnostic and prognostic values.

3.2.1  Gastric Cancer
A study of circRNAs in gastric cancer (GC) tis-
sues and paracancerous tissues identified 467 dif-
ferentially expressed circRNAs, among which 
expression of 214 circRNAs were significantly 
increased and expression of 253 were signifi-
cantly decreased. Most of the circRNAs could be 
detected with corresponding miRNA binding 
sites [49]. Circ-PVT1 is a highly expressed cir-
cRNA in GC and a potential independent index 
for evaluating the prognosis of GC. By analyzing 
clinical data and tumor tissues of 187 patients 
with GC, it was found that the survival rate of 
patients with high circ-PVT1 expression was 
markedly higher. The promotive effect of circ- 
PVT1 on GC may act through attenuating the 
inhibitory effect of miR-125 on cell proliferation 
by combining with it. The experiment also 
 demonstrated that reducing the expression of 
circ- PVT1 could inhibit the proliferation of GC 
cells [50]. In contrast, hsa_circ_0000096 was 

L. Xia et al.



175

found obviously downregulated in GC cell lines 
and tissues compared with normal gastric epithe-
lial cells and paired adjacent non-tumor tissues. It 
is supposed that hsa_circ_0000096 might interact 
with miRNAs through endogenous competition 
and thereby affect GC cell growth and migration 
by interfering with cell cycle and expression of 
migration-related protein [51]. Screened by data-
base and verified by qRT-PCR, hsa_circ_002059 
was found significantly downregulated in GC tis-
sue compared with the adjacent non-tumor tissue 
by Li et al. The authors noticed that 10 days after 
GC tissue resection, the expression of plasma 
has_circ_002059 was detected to be higher than 
that before surgery. Low expression level of has_
circ_002059 was significantly associated with 
distant metastases, TNM staging, gender, and age 
[52]. The combination of hsa_circ_0000096 and 
hsa_circ_002509 can considerably improve the 
diagnosis of gastric cancer [51]. Zhang et  al. 
established a prediction system of early recur-
rence for patients with stage III GC based on four 
selected circRNAs: hsa_circ_101308, has_
circ_104423, hsa_circ_104916, and hsa_
circ_100269. The area under the curve (AUC) 
could reach 0.763 and 0.711 by the test of two 
centers and could rise to 0.866 and 0.818 by join-
ing TNM staging, which indicated that this 
circRNA- based predictive model is an effective 
assessment of the risk of early recurrence after 
radical gastrectomy for GC.  However, this sys-
tem still needs to be further verified by prospec-
tive and multicenter research [53]. Other 
circRNAs with abnormal expression profiles in 
GC include has_circ_0001649 (the expression 
level is significantly downregulated in GC tissue 
and upregulated in serum after operation) [54], 
has_circ_0044516 (the expression level is signifi-
cantly upregulated in GC tissue) [55], has_
circ_0014717, and hsa_circ_0000190 (the 
expression level is significantly downregulated in 
GC tissues and considered related to distant 
metastasis, tumor staging, CA19-9) [56, 57].

3.2.2  Colorectal Cancer
Dietmar Pils’s team compared circRNAs expres-
sion levels between fibrotic lung and normal lung 
tissue in patients with idiopathic pulmonary 

fibrosis and ovarian tumor cells and normal ovar-
ian epithelial cells and confirmed that circRNA 
abundance was negatively correlated with cell 
proliferation. The expression of circRNAs in 
colorectal cancer (CRC) tissues were signifi-
cantly lower than that in normal tissues, and the 
expression level were also lower in CRC cell 
lines. The investigators tested four circRNAs 
(circ_0817, circ_3204, circ_6229, circ_7374) 
low-expressed in clinical specimens in colon can-
cer cell lines together with their corresponding 
linear RNAs. The expression ratio of the four cir-
cRNAs to their parental linear RNAs was lower. 
Finally, the researchers verified the relationship 
between the expression of circRNAs/correspond-
ing linear RNAs and cell proliferation, confirm-
ing that the cell proliferation rate was negatively 
correlated with the expression circRNAs [58]. As 
a circRNA generated from the exon 5–11 of 
BANP gene, circ-BANP is highly expressed in 
CRC. Knocking down of circ-BANP can signifi-
cantly reduce the proliferation of CRC cells. 
Circ-BANP may play an important regulatory 
role in CRC cells and may serve as a marker for 
prognosis and treatment of CRC [59]. Recently, 
Guo et al. discovered a novel abnormal circRNA, 
hsa_circ_0000069, by employing unsupervised 
hierarchical clustering analysis. They determined 
that hsa_circ_0000069 is highly expressed in 
CRC through quantitative PCR analysis of 30 
paired CRC tissues and adjacent noncancerous 
tissues and is closely related to the patient’s age, 
tumor size, lymph node metastasis, and TNM 
staging. Functional analysis by using specifically 
designed siRNA in CRC cells confirms that 
knocking down hsa_circ_0000069 markedly 
inhibits cell proliferation, migration, and inva-
sion and induces G0/G1 arrest in  vitro [60]. 
Another study has confirmed that hsa_
circ_001569 plays a positive regulatory role in 
cell proliferation and invasion of CRC.  The 
authors found that the expression of has_
circ_001569 is elevated in CRC tissues and cor-
related with tumor volume, TNM staging, and 
prognosis. It was further confirmed that hsa_
circ_001569 can also be used as a “sponge” to 
adsorb miR-145. This is why the expression of 
has_circ_001569 and miR-145 are negatively 
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correlated in CRC tissue. Upregulated 
circ_001569 increases the expression of miR-145 
target genes E2F5, BAG4, and FMNL2 and 
hence enhances the proliferation and invasion of 
CRC cells, which in turn promotes the progres-
sion of colorectal cancer [61]. Circ-CCDC66 is a 
newly discovered circRNA which is encoded by 
the CCDC66 gene. Hsiao et  al. found that the 
expression of circ-CCDC66 was increased in 
polyps and CRC and was negatively correlated 
with the prognosis. Inhibition of circ-CCDC66 
expression in  vitro significantly reduces the 
tumor volume in nude mice, suggesting that circ- 
CCDC66 can regulate multiple pathological pro-
cesses including cell proliferation, invasion, 
migration, and anchorage-independent growth. 
This function is achieved by acting as the sponge 
of miR-33b and miR-93. Experiments showed 
that knocking down circ-CCDC66 can impede 
tumor proliferation and invasion in vivo. All of 
these findings indicate that circ-CCDC66 plays 
an important role in progression and metastasis 
of CRC [62]. Other circRNAs such as circ-ITCH 
can also exert the function of miRNA sponge to 
suppress tumor proliferation. A research based on 
45 specimens of CRC found that circ-ITCH 
expression is abnormally lower than that of para-
cancerous tissue. The bioinformatics analysis 
predicted that circ-ITCH and its parent gene 
ITCH possess the same miR-214, miR-7, and 
miR-20a binding sites, and the firefly luciferase 
reporter assay in CRC cell lines HCT116 and 
SW480 confirmed that circ-ITCH can obstruct 
the Wnt signaling pathway to inhibit cancer cell 
proliferation by competitively absorbing miR-7 
and miR-20a [63].

3.2.3  Esophageal Cancer
Researches on the regulation mechanism of cir-
cRNAs in esophageal cancer suggest that many 
of them can function as miRNAs sponges. The 
radiation resistance obtained during radiother-
apy is considered to be the most important factor 
that affects the therapeutic effect and stimulates 
local tumor recurrence. Based on this, Su et al. 
explored the differentially expressed circRNAs 
in radioresistant esophageal cancer cells by 
using expression profiling and bioinformatics 

analysis, in order to reveal the possible circRNAs 
involved in the generation of radiation resistance 
during treatment of esophageal cancer. They ini-
tially identified 57 remarkable upregulated and 
17 remarkable downregulated circRNAs in 3752 
candidate circRNAs (fold change ≥ 2.0 and 
P < 0.05), of which 9 were validated by real-time 
qPCR. Supplemented by gene ontology analysis, 
the authors confirmed a large number of target 
genes (including most miRNAs) participating in 
this biological process. Among them, more than 
400 target genes are enriched in the Wnt signal-
ing pathway. Circ_001059 and circRNA_000167 
are the two largest nodes of the co-expression 
network of circRNA/microRNA [64]. Based on 
the detection of circRNAs expression in 684 
cases of esophageal squamous cell carcinoma 
(ESCC) patients and their matched paracancer-
ous tissues, circ-ITCH was also found to play a 
role as molecular sponge of miR-7, miR-17, and 
miR-214  in esophageal cancer. Consistent with 
the mechanism of action in colorectal cancer, 
increased ITCH promotes ubiquitin-mediated 
degradation of Dvl2 and reduces the expression 
of the oncogene c-myc that inhibits the Wnt sig-
naling pathway and ultimately suppresses the 
tumor growth [65]. In 51 cases of ESCC patients 
with different staging, the expression of hsa_
circ_0067934  in the tumor tissue is obviously 
higher than that in paired paracancerous tissues; 
and the high expression level of hsa_
circ_0067934 is associated with the tumor stage 
(P = 0.025). ] Higher stage of the tumor tissue is 
companioned with higher expression of hsa_
circ_0067934. Interference of hsa_circ_0067934 
expression by siRNA in vitro suppresses the pro-
liferation and migration of ESCC cells and 
blocks cell cycle progression. Cell component 
analysis and fluorescence in situ hybridization 
confirm that the circRNAs are mainly located in 
the cytoplasm [66].

3.2.4  Pancreatic Cancer
Pancreatic cancer (PC) is a common cancer, but 
there is still lack of reliable biological markers 
for early diagnosis and evaluation of prognosis. 
Current studies on the relationship between cir-
cRNAs and PC are insufficient. Recently, 
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researchers have explored the expression profiles 
of circRNAs in four pancreatic ductal adenocar-
cinoma (PDAC) samples and matched adjacent 
normal tissues. The result revealed that a large 
number of circRNAs are abnormally expressed in 
PDAC, suggesting that they may be involved in 
the initiation and progression of PDAC. This dis-
covery provides potential biological targets for 
the diagnosis and treatment of PDAC [67]. Li 
et  al. analyzed the tissue samples from six 
patients with PDAC by microarray technology 
and found that compared to normal pancreatic 
tissues, abnormal expression of circRNAs cluster 
was gathered in pancreatic cancer tissues. 209 
upregulated and 142 downregulated circRNAs 
were screened out. Subsequently, 7 circRNAs 
were analyzed with quantitative reverse tran-
scriptase polymerase chain reaction (qRT-PCR) 
in 20 groups of PC and paracancerous tissues to 
confirm that the results were consistent with the 
microarray. GO analysis and pathway analysis 
suggested that some of the dysregulated cir-
cRNAs are involved in molecular biological pro-
cesses in pancreatic cancer, including influence 
on endocytosis and meditation of abnormal 
expression of VEGF pathway. These results 
reveal the indispensable role of circRNAs in the 
malignant biological behavior of PC [68].

3.3  Hepatic Cancer

Hepatic cancer generally refers to malignant 
tumor which originates in hepatocytes or intrahe-
patic bile duct epithelium [47]. As one of the 
common malignancies of the digestive system, 
hepatic cancer is the fifth most common cancer 
with the third most common mortality in the 
world [69]. About 250,000 people worldwide are 
estimated to lose their lives every year due to 
hepatic cancer, among which China accounts for 
about 45% [70, 71]. The 5-year survival rate of 
advanced hepatic cancer is about 10%. Due to the 
lack of effective early diagnostic tools, only 
30–40% of the patients can be diagnosed and 
take appropriate treatment in early stage [72, 73].

A series of circRNAs associated with hepatic 
cancer are gradually discovered. A noteworthy 

downregulation of hsa_circ_0001649 was found 
associated with inhibition of cell proliferation 
[74]. In contrast, the upregulated expression of 
hsa_circ_0005075 and Cdr1as promotes cell 
adhesion and proliferation, respectively [75, 
76]. As the inhibitor and sponge of miR-7, 
Cdr1as can indirectly interrupt the PI3K/Akt/
mTOR signaling pathway by targeting miR-7 
[77]. It has been suggested that Cdr1as may be 
employed as a prognostic biomarker for hepatic 
carcinoma and a therapeutic target for microvas-
cular infiltration [77]. Huang et  al. detected 
another potential marker hsa_circ_100338 by 
applying a circRNA microarray and verified 
miR-141-3p as its direct downstream target 
through computer calculation and experimental 
analysis. High expression level of hsa_
circ_100338 indicates the metastasis progres-
sion and meanwhile makes an influence on the 
cumulative survival rate [78]. A circRNA- 
miRNA- mRNA network is constructed with five 
upregulation circRNAs in hepatic cancer. This 
network proposes that high levels of circFUT8 
(hsa_circ_101368, hsa_circ_0003028), circ-
ZFR (hsa_circ_103809, hsa_circ_10072088), 
and circ-IOP11 (hsa_circ_103847, hsa_
circ_0007915) expression are probably associ-
ated with the progression of hepatic cancer [79]. 
Researchers focusing on the genetics and epide-
miology of hepatocellular carcinoma (HCC) 
discovered that the expression of cir-ITCH in 
HCC tissues is significantly lower than that in 
matched paracancerous tissues; and suggested 
that HCC patients with a relatively high cir-
ITCH expression have a better prognosis. 
Collectively, the results revealed that cir-ITCH 
has an inhibitory action on HCC and may be a 
hopeful biomarker for the assessment of suscep-
tibility and prognosis in patients with HCC [80]. 
Modulating function of hsa_circ_0015756 on 
hepatoblastoma cell by acting as a miR-1250-3p 
sponge has also been found based on circRNAs 
microarray analysis. Silencing hsa_
circ_0015756 reduces viability, proliferation, 
and invasiveness of hepatoblastoma cells [81]. 
Fu et  al. conducted a series of experiments to 
prove the point that the expression level of hsa_
circ_0005986 is related to the tumor size, BCLC 
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staging, and microvascular infiltration. The 
underlying mechanism of hsa_circ_0005986- 
regulated carcinogenesis of HCC is by modulat-
ing Notch1 expression through interaction with 
miR-129-5p [82]. They further showed the low 
expression of hsa_circ_0004018 is associated 
with AFP level in serum, diameter, and differen-
tiation of tumor and Barcelona clinical stage in 
HCC.  Remarkably, hsa_circ_0004018 has the 
specific expression characteristics indicative of 
different HCC stage in various chronic liver dis-
eases [83]. Based on all these findings, there are 
reasons to believe that circRNAs combined with 
traditional biomarkers can make a more accu-
rate diagnostic method for hepatic cancer.

3.4  Gynecologic Cancer

Gynecologic cancer is closely related to women 
mainly including breast cancer, endometrial can-
cer, cervical cancer, and ovarian cancer. The 
incidence of gynecological tumors has increased 
year by year, which causes serious harm to wom-
en’s physical and mental health. Breast cancer 
has the highest incidence of women malignancy 
tumors in the world, which is also the biggest 
factor leading to the death of female cancer 
patients [84]. Breast cancer accounts for 23% of 
the global new female cancer cases and accounts 
for 14% of the total number of global cancer 
deaths [84, 85]. Ovarian cancer represents the 
highest mortality rate among gynecologic cancer 
with no less than 204,000 new cases and 125,000 
deaths cases per year [86]. Only a small propor-
tion of patients can be diagnosed in the early 
stage due to its concealed characteristics and 
lack of effective early diagnosis. In fact, more 
than 70% of the patients are diagnosed in 
advanced stage; and their 5-year survival rate is 
lower than 30% [87]. Endometrial cancer origi-
nates from the endometrial epithelium. Its mor-
tality is second only to ovarian cancer. It accounts 
for 7% of all malignant tumors in women, and 
the incidence of malignant tumors in female 
reproductive system is as high as 20–30% [88]. 
Although early-stage endometrial cancer has a 
good prognosis, the median survival time for 

advanced or recurrent cases does not exceed 1 
year [86]. Clinical diagnosis of gynecologic 
malignancies is mainly by physical signs, tumor 
markers, B-ultrasonography, computed tomog-
raphy (CT), and magnetic resonance imaging 
(MRI). Common gynecological tumor markers 
include cancer markers such as cancer antigen 
125 and 19-9 (CA-125 and CA19- 9), but their 
specificity is doubtful. Researches have been try-
ing to find high-specificity diagnostic markers 
among circRNAs, which is of great significance 
for timely treatment of gynecological cancer, 
reduction of metastasis, and improvement of 
prognosis.

3.4.1  Breast Cancer
As previously mentioned, Cdr1as can indirectly 
regulate the expression of miR-7 target gene, 
while Cdr1as/miR-7 can affect tumorigenesis and 
development of tumor through multiple pathways. 
Early studies have showed that the expression 
level of endogenous miR-7 is negatively corre-
lated with Pak1 and is positively correlated with 
homeodomain transcription factor HOXD10. In 
the transformation process of breast cancer from 
high invasion phenotype to low invasion pheno-
type, Pak1 protein levels gradually increase, while 
miR-7 and HOXD10 gradually decrease. In 
highly invasive breast cancer cells, miR-7 can 
inhibit their proliferation activity, invasiveness, 
and tumorigenic potential. These indicate that the 
miR-7/Pak1 pathway may play an important role 
in the development of breast cancer. Therefore, 
Cdr1as is considered also involved in the regula-
tion of breast cancer [89]. A total of 1155 differ-
entially expressed circRNAs were screened out in 
51 breast cancer patients by using the whole 
genome transcript profile technique, of which 715 
were upregulated and 440 were downregulated. 
The expression levels of hsa_circ_103110, hsa_
circ_104689, and hsa_circ_104821 were elevated 
in breast cancer tissues, while the expression lev-
els of hsa_circ_006054, hsa_circ_100219, and 
hsa_circ_406697 were downregulated among the 
selected circRNAs. Further investigation of the 
circRNAs targeting complementary miRNAs 
response elements revealed that progesterone 
receptor (PR)-negative was related to the upregu-
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lation of hsa_circ_104689 and hsa_circ_104821 
and the downregulation of hsa_circ_406697. The 
diagnostic accuracy of hsa_circ_100219 was the 
highest with the AUC of 0.78 (95% CI: 0.69–
0.88). Combined hsa_circ_006054, hsa_
circ_100219, and hsa_circ_406697 had a higher 
judgment value for judging breast cancer (AUC: 
0.82, 95% CI: 0.73–0.90) [90]. With the purpose 
to investigate the expression profile and possible 
regulatory mechanisms of oncogenic circRNAs in 
breast cancer, Liang et al. used circRNA microar-
ray to screen abnormally expressed circRNAs in 
breast cancer tissues and found that circ-ABCB10 
was highly expressed in breast cancer tissues. The 
authors then verify the result of the chip by using 
a large amount of samples. The loss-of- function 
experiments in  vitro demonstrated that subtrac-
tion of circ-ABCB10 level in breast cancer cells 
can inhibit cell proliferation and promote apopto-
sis. The bioinformatics technique was used to pre-
dict the existence of complementary sequences in 
circ-ABCB10 and miR-1271, which was then 
verified by luciferase reporter assays. Finally, it 
was confirmed in breast cancer cells that the inhi-
bition of miR-1271 can restore function of circ-
ABCB10, demonstrating the spongy effect of 
circ-ABCB10 on miR-1271 [91]. In a study inves-
tigating whether hypoxia regulates proliferation 
through circRNAs, a hypoxic model in breast can-
cer cells was established. The increased expres-
sion of circ- DENND4C was detected under 
hypoxic conditions, whereas knockdown of 
HIF1α could reduce the expression of circ-
DENND4C.  This confirmed the correlation 
between circ- DENND4C and HIF1α in the 
hypoxic model. It was further found that knock-
down circ- DENND4C can inhibit the abnormal 
proliferation of breast cancer cells in anoxic envi-
ronment, indicating that circ-DENND4C has the 
function of promoting breast cancer cell prolifera-
tion under hypoxic conditions. Finally, the expres-
sion level of circ-DENND4C was found related to 
the tumor volume, and the larger tumors con-
tained more circ-DENND4C [92]. As a notewor-
thy downregulated circRNA in breast cancer cells, 
when the expression of circ_000911 is enhanced, 
the proliferation, migration, and invasion ability 
of breast cancer cells are all inhibited, and mean-

while the cell apoptosis accelerates. The miR- 
449a was identified as a related miRNA to 
circ_000911 by using a biotin-labeled probe 
method. Overexpression of cir_000911 in breast 
cancer could increase the expression of Notch1, 
which is a functional target of miR-449a. Signal 
transduction reporter array and western blot anal-
ysis confirmed that NF-κB signaling transduction 
is a functional target of the circ_000911/miR- 
449a pathway [93].

3.4.2  Reproductive System Tumors
By RNA sequencing of primary ovarian cancer, 
peritoneal metastases, and lymph node metasta-
ses in three patients with ovarian cancer, cir-
cRNAs with significant differences in expression 
in epithelial ovarian cancer were found, includ-
ing many new genes such as HIPK2/3 and 
ZKSCAN1. The number of differentially 
expressed circRNAs is much higher than that of 
the corresponding linear mRNA in metastatic 
lesions. In addition, various cancer-associated 
signaling pathways including NF-κB, PI3K/Akt, 
and TGF-β have the opposite expression trends in 
circRNAs and linear mRNAs. Consensus of cir-
cRNAs expression provides new candidates for 
cancer treatment and prognosis [94]. Endometrial 
cancer (EC) and cervical cancer also belong to 
the female reproductive system malignancy. 
Lately, researchers used RNA sequencing tech-
nology to identify EC-specific circular transcrip-
tomes. By comparison, the overall abundance of 
circRNAs in EC (14,707) was lower than that in 
normal endometrium (21,340). On this basis the 
researchers identified 120 differentially expressed 
circRNAs between EC tissues and normal endo-
metrial tissues by collecting and analyzing sam-
ples from 6 EC patients, in which unique hotspot 
genes, such as cancer-specific ESR1 circular iso-
forms, were regarded with the value of EC diag-
nosis and progress detection. The circular isoform 
of DNAH14 may be involved in the regulation of 
tumor-associated pathways. The DMD and 
DMBT1 genes undergone significant changes 
during generation of the circular transcript, sug-
gesting that they may be involved in the patho-
logical changes of EC [95]. The work of 
Abdelmohsen’s team demonstrated an example 
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of a functional model of a protein regulation 
through circRNAs endogenous binding in cervi-
cal cancer. They used the RIP assay to identify 
circRNAs interacting with HuR in Hela cells; and 
the most obviously changed candidate was 
circPABPN1(hsa_circ_0031288). Excess circ- 
PABPN1 can prevent the binding of HuR to lin-
ear PABPN1 mRNA and hence inhibits the 
translation of HuR [96].

3.5  Other Cancer

Some circRNAs also have the potential of bio-
logical markers in other tumors. For instance, the 
expression level of has_circ_104912 is signifi-
cantly downregulated in laryngeal squamous cell 
carcinoma, while the expression level of has_
circ_100855 is significantly increased [97]. 
circ_100290 can function in oral squamous cell 
carcinoma as a molecular sponge of miR-29 fam-
ily [98]; high expression of circ-TTBK2  in gli-
oma tissue may promote the development of 
glioma [99].

Acute pregranulocyte leukemia chromosomal 
translocation t(15;17)(q24;q21) leads to the for-
mation of a key oncogenic fusion protein PML- 
RARα, and the circRNA, f-circRNA, forms after 
the translocation of this chromosome can also be 
carcinogenic [100]. Circ-TRIM24 (hsa_
circ_0082582) and circ-FAM169A (hsa_
circ_0007158) are significantly downregulated in 
bladder cancer tissues, while circ-BC048201 
(hsa_circ_0061265), circ-PTK2 (hsa_
circ_0005273), circ-ZFR (hsa_circ_0072088), 
and circ-TCF25 (hsa_circ_0041103) are signifi-
cantly upregulated, and the circTCF25-miR- 
103a-3p/miR-107-CDK6 pathway is suggested 
as an important regulatory axis in bladder cancer 
[101]. 23 high- and 48 low-expression circRNAs 
and their corresponding binding sites for 354 
bindable miRNA sequences are identified in 
basal cell carcinoma [102]. The phenomenon of 
abnormal expression of these circRNAs in vari-
ous tumor tissues indicates that circRNAs have 
an inseparable relationship with the occurrence 
and development of tumors.

4  Conclusion and Prospect

CircRNAs is a type of closed-circular RNA mole-
cule widely distributed in the transcriptome; they 
participate in the regulation of numerous biologi-
cal activities in organisms. CircRNAs are not eas-
ily degraded by nucleases and are more stable than 
linear RNAs, which provide a foundation for them 
to be novel biomarkers for tumor diagnosis. The 
regulatory expression mechanisms of circRNAs 
are diverse. They can serve as “miRNA sponges” 
to perform posttranscriptional regulation by com-
petitively binding to miRNAs, interact with snRNP 
or RNA polymerase II in the nucleus to regulate 
transcription, or bind to transcription factors and 
competitively regulate classic RNA splicing. 
CircRNAs accumulate in cells and release into 
exosomes and plasma. The amount of circRNAs 
released into exosomes from tumor tissue is three 
times more than that in tumor tissues [24].

CircRNAs play an irreplaceable regulatory 
role in the complex life process. Their abnormal 
expression can induce or impede the occurrence 
and development of cancer. They are promising 
biomarkers and even therapeutic targets for can-
cer. With the continuous development of high- 
throughput sequencing and bioinformatics 
technologies, the formation and function of cir-
cRNAs and their relationship with cancer have 
gradually attracted widespread attention in the 
scientific community and become a hotspot for 
researches of clinical disease after miRNAs and 
long noncoding RNAs (LncRNAs). For the 
moment, Circbase, Circ2Traits, CircNet, and 
other databases have included information of 
more than 100,000 circRNAs, which can assist us 
to predict the regulatory relationship of circRNA- 
miRNA- mRNA.  This tool is extremely conve-
nient for us to study circRNA systematically. At 
the same time, methods for constructing or 
 interfering with circRNAs have emerged and 
matured, making it possible to artificially regu-
late the expression of intracellular circRNAs and 
being helpful to further explore the role of cir-
cRNAs in tumor cells.

By summarizing the researches on the rela-
tionship between circRNAs and cancer in recent 
years, we find that many circRNAs have abnormal 
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expression in the tumor tissue/blood/exosome of 
tumor patients, among which “star molecules” 
such as circ-ITCH and Cdr1as have differential 
expression and play a regulatory role in different 
types of cancer. Cdr1as has the potential for being 
a biomarker for gastric cancer, hepatic cancer, 
colorectal cancer, cervical cancer, and so on. Hsa_
circ_0000064 and hsa_circ_0013958 are related 
to tumor lymph node metastasis and TNM staging 
in lung cancer. Circ- 100876 is associated with the 
prognosis of lung cancer patients. The reduction 
of has_circ_002059 in gastric cancer has a predic-
tive role in distant metastasis and TNM staging. 
The combination of hsa_circ_0000096 and hsa_

circ_002509 exhibit a high diagnostic value for 
gastric cancer. Circ-BANP is a potential diagnos-
tic marker for colorectal cancer, and the elevation 
of has_circ_001569 in colorectal cancer is proven 
helpful to the diagnosis and staging of disease. 
The rise of hsa_circ_0067934 in esophageal can-
cer suggests the progression of tumor staging. The 
same phenomenon is found in other cancers. In 
certain kind of cancer, there are many circRNAs 
with different expression changes; on the other 
hand, the same circRNA can correspond to differ-
ent types of cancer. The summary of cancer- 
related circRNAs that have been uncovered is 
shown in Table 14.1.

Table 14.1 Cancer-associated circRNAs with its characteristics and related genes

Cancer type The name of circRNAs
Change in 
cancer Features, related molecules, and pathways

Lung cancer hsa_circ_0000064 Up Promote cancer cell proliferation and 
invasion

circRNA-100876 Up High expression level suggests shorter 
survival

circ-HIPK3 Up miR-379
hsa_circ_0013958 Up miR-314
Cdr1as (ciRS-7) / miR-7
circ-ITCH Up miR-7 and miR-124
hsa_circ_0043256 Down miR-1252
ciR-Sry [103] / miR-138
circ-ZEB1.5 Down miR-200a-3p [104]
circ-ZEB1.19 Down
circ-ZEB1.17 Down
circ-ZEB1.33 Down

Gastric cancer circPVT1 Up Expression level positively correlated with 
survival rate; miRNA-125

hsa_circ_0000096 Down Promote cancer cell proliferation, cycle, 
and migration
miR-224 and miR-200a

has_circ_002059 Down Potential for predictive treatment and 
associated with distant metastases, TNM 
staging, gender, and age

has_circ_0001649 Down Potential for predictive treatment and 
correlated with pathological differentiation

has_circ_0044516 Up 191 miRNAs, COL1A1
has_circ_0014717 Down Related to distant metastasis, tumor 

staging, CA19-9
hsa_circ_0000190 Down Related to distant metastasis, tumor 

staging, CA19-9
hsa_circ_0076305 Down PGC
hsa_circ_0037362 Down C16orf73
hsa_circ_0035431 Down CGNL1
hsa_circ_0000140 [105] Down KIAA0907

(continued)
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Table 14.1 (continued)

Cancer type The name of circRNAs
Change in 
cancer Features, related molecules, and pathways

Colorectal cancer circ-BANP Up BANP
hsa_circ_0000069 Up Related to age, tumor size, lymph node 

metastasis and TNM staging
hsa_circ_001569 Up Have a positive regulatory role in cancer 

cell proliferation and invasion; miR-145
circCCDC66 Up miR-33b, miR-93, CCDC66
circ-ITCH Down Overexpression can inhibit cancer cell 

proliferation; miR-7, miR-20a,ITCH
hsa_circ_001988 [106] Down Associated with colon cancer cell 

differentiation and neurotrophic invasion
hsa_circ_0001946 [43] / CDR1
hsa_circ_0001141 [107] Down ITCH
hsa_circ_0006229 Down TNS3

Esophageal cancer circRNA_001059 Up LIN52
circRNA_100385 Up PRRX1
circRNA_104983 Up NHS
circRNA_101877 Down RFWD3
circRNA_102913 Down ATIC
circRNA_000167 Down RPPH1
circRNA_000695 Down EEFSEC
cir-ITCH Down miR-7, miR-17, miR214; Wnt/β-catenin 

signaling pathways
hsa_circ_0067934 Up High expression level is associated with 

the tumor stage
Pancreatic cancer Ci-sirt7 [108] / sirt7

hsa_circ_0001946 [68] Up hsa_circ_0005785-miR-181a/
miR-181b-VEGF

Hepatic cancer hsa_circ_0001649 Down Suppress cancer cell proliferation
hsa_circ_0005075 Up Promote cancer cell adhesion
Cdr1as Up miR-7; PI3K/Akt/mTOR
hsa_circ_100338 Up Associated with cumulative survival rate; 

miR-141-3p
circFUT8 (hsa_circRNA_101368, 
hsa_circ_0003028)

Up Associated with the progression of hepatic 
cancer

circZFR 
(hsa_circRNA_103809,hsa_
circ_10072088)

Up Associated with the progression of hepatic 
cancer

circIOP11 (hsa_circRNA_103847, 
hsa_circ_0007915)

Up Associated with the progression of hepatic 
cancer

cir-ITCH Down High expression level is associated with 
good prognosis

hsa_circ_0015756 Up miR-1250-3p
hsa_circ_0005986 Down Expression level is related to the tumor 

size, BCLC staging, and microvascular 
infiltration miR-129-5p, Notch1

hsa_circ_0004018 Down Has the specific prompting for different 
HCC stage

(continued)
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With the continuous expansion of existing 
researches, the relationship between circRNAs 
and cancer networks have become increasingly 
clear. However, our knowledge on circRNAs is 
only the tip of the iceberg. There is still a long 
way to go to uncover the mysterious veil of cir-

cRNAs function. We have reason to believe that 
with the discovery of more and more circRNAs, 
the diagnosis, progression, and prognosis evalua-
tion system of various cancer based on circRNAs 
will be mature, which is of great significance for 
cancer treatment.

Table 14.1 (continued)

Cancer type The name of circRNAs
Change in 
cancer Features, related molecules, and pathways

Breast cancer hsa_circ_103110 Up hsa_miR_339_5p
hsa_circ_104689 Up Relates to progesterone receptor negative
hsa_circ_104821 Up Relates to progesterone receptor negative
hsa_circ_100219 Down The AUC for diagnostic accuracy is 0.78 

(95% CI: 0.69-0.88).
hsa_circ_406697 Down Relates to progesterone receptor negative
circ-ABCB10 Up miR-1271
circDENND4C Up Promotes cancer cell proliferation under 

hypoxic conditions; HIF1α
circRNA-000911 Down miR-449a, Notch1

Ovarian cancer ciR-Sry [109] / miR-138
Endometrial cancer hsa_circ_0031288(circPABPN1) Up PABPN1
Laryngeal 
squamous cell 
carcinoma

has_circ_104912 Down /
has_circ_100855 Up /

Oral squamous cell 
carcinoma

circRNA_100290 Up miR-29 family, CDK6
ci-mcm5 [110] / mcm5

Skin squamous cell 
carcinoma

Hsa_circ_103736 [111] Up miR-876-5p,miR-192-3p,miR-34b- 
3p,miR-34c-3p,miR-181b-3p

Hsa_circ_103737 [111] Up miR-877-3p,miR-876-5p,miR-181b-2- 
3p,miR-181b-3p,miR-627-3p

Hsa_circ_101555 [111] Up miR-644a,miR-485-5p,miR-889-5p,miR- 
329- 5p,miR-148a-5p

Glioma circ-TTBK2 Up Promotes the development of glioma
Acute 
pregranulocyte l
eukemia

f-circRNA / Forms after the translocation of 
chromosome, has carcinogenic effects

Bladder cancer circ-TRIM24 (hsa_circ_0082582) Down /
circFAM169A (hsa_circ_0007158) Down /
circBC048201 (hsa_circ_0061265) Up /
circPTK2 (hsa_circ_0005273) Up /
circZFR (hsa_circ_0072088) Up /
circTCF25 (hsa_circ_0041103) Up circTCF25-miR-103a-3p/miR-107-CDK6 

and PI3K-Akt pathway
Cholangio 
carcinoma

ciR-Sry [112] / miR-138, RhoC

Basal cell 
carcinoma

Hsa_circ_0008732 [102] Up OncomiR-1, miR-19-92 family

Osteosarcoma Has_circ_0016347 [113] Up miR-214
Clear cell carcinoma 
of kidney

circHIAT1 [114] up miR-195-5p,miR-29a-3p,miR-29c-3p
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