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1  | INTRODUC TION

Circular RNAs (circRNAs) are a special type of endogenous RNA 
molecules that are widely present in mammalian transcriptomes and 
involved in the regulation of gene expression. CircRNAs were first 

discovered in the 1970s in RNA viruses. In 1979, using an electron 
microscope, Hsu and Coca‐Prados first observed that some RNAs 
present in the cytoplasm of eukaryotic cells in a circular form.1 In 
1991, Nigro et al2 first discovered that circRNAs come from spliced 
transcripts of candidate tumor suppressor genes. By 1993, some 
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Abstract
Background: In addition to non‐coding RNAs (lncRNAs) and microRNAs (miRNAs), 
circular RNAs (circRNAs) are endogenous RNAs with various functions, which have 
recently become a research hotspot. CircRNAs are a kind of closed circular RNA mol‐
ecule widely existing in transcriptomes. Due to lack of free ends, they are not easily 
cleaved by RNase R, thus avoiding degradation. They are more stable than linear RNAs.
Methods: Data were collected through PubMed. The following search terms were 
used: “circular RNA,” “circRNA,” “cancer,” “mechanism,” “biogenesis,” “biomarker,” “di‐
agnosis.” Only articles published in English were included.
Results: Most circRNAs express tissue/developmental stage specificity. Moreover, 
circRNAs are involved in the regulation of a variety of biological activities. In this 
review, we discuss the formation, classification, and biological functions of circRNAs, 
especially their molecular diagnostic values in common cancers, including gastric 
cancer (hsa_circ_002059, circ_LARP4, hsa_circ_0000190, hsa_circ_0000096, circ‐
SFMBT2,	and	circ_PVT1),	hepatocellular	carcinoma	(circ_104075,	circRNA_100338,	
circ_MTO1,	 and	 circZKSCAN1),	 colorectal	 cancer	 (hsa_circ_0136666	 and	 hsa_
circ_0000523), lung cancer (hsa_circ_0006427, circ_100876, and circ_ABCB10), 
breast	 cancer	 (hsa_circ_0089105,	 circAGFG1,	 and	 circEPSTI1),	 bladder	 cancer	
(circFNDC3B	and	circTFRC),	and	esophageal	squamous	cell	carcinoma	(circ_100876	
and circ‐DLG1).
Conclusion: CircRNAs not only play important roles in tumorigenesis, but also may 
become new diagnostic biomarkers.
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circRNAs were found in the transcripts of human cells.3 However, at 
that time, circRNAs were only considered as a type of RNAs formed 
by erroneous splicing of exon transcripts.3	 As	 RNA	 sequencing	
(RNA‐seq)	widespread	application	and	the	rapid	growth	of	bioinfor‐
matics, more and more circRNAs have been found.4 A recent study 
found that changes in expression levels of circRNAs in body fluids 
are parallel to the somatic tissues and are believed to be associated 
with certain cancers.5 CircRNAs have also been found to be involved 
in the occurrence and development of many human diseases, such 
as nervous system disorders, cardiovascular and cerebrovascular 
diseases, diabetes, and cancers.6‐9 In this review, we introduce the 
formation, classification, and biological functions of circRNAs, espe‐
cially their molecular diagnostic values in common cancers.

2  | FORMATION AND CL A SSIFIC ATION OF 
CIRCRNA S

To study the possible functions of circRNAs, it is important to un‐
derstand	their	biogenesis	(Figure	1).	In	the	past,	it	was	thought	that	
most human primary mRNAs are spliced into linear RNA that retain 
only exons. In recent years, even though the mechanisms underlying 
circRNA formation remain unclear, two kinds of exonic circRNA for‐
mation models, lariat‐driven circularization and intron‐pairing‐driven 
circularization, were proposed in 2013.10	Subsequently,	RNA‐bind‐
ing	quaking	(QKI),	a	member	of	the	STAR	family	in	the	KH	domain‐
containing RNA‐binding proteins, was found to affect pre‐mRNA 
splicing and promote circRNA biosynthesis during epithelial‐mesen‐
chymal transition (EMT).11 Additionally, the formation of circRNAs 
can be influenced by adenosine deaminase (ADA), an RNA‐editing 
enzyme that acts on RNA.12 It is generally believed that the reverse 
splicing	occurs	when	the	downstream	5′	splicing	site	is	connected	to	
the	upstream	3′	splicing	site	to	generate	circRNAs.13

CircRNAs are produced by exons or introns through reverse 
splicing or lariat introns. However, in recent years, researchers have 
found that exon transcripts in pre‐mRNA can also be reverse spliced 
non‐linearly to form circRNAs,10,14,15 including one exon loop, two 

exon loops, and three or more exon loops, as well as exon‐intron 
hybrid loops (EIcircRNA).16‐19 In addition, the intron itself can also 
circularize and then form circRNA (ciRNA).20,21 Among them, the ex‐
onic type is the most common type.

3  | BIOLOGIC AL FUNC TIONS OF 
CIRCRNA S

Although most of the biological functions of circRNA remain unclear, 
circRNAs have been reported that to play important roles in normal 
conditions and disease situations. The biological functions of circR‐
NAs may be divided into four aspects: acting as a microRNA (miRNA) 
sponge, interacting with RNA‐binding proteins (RBPs), encoding pro‐
teins, and regulating transcription processes.

First,	 circRNAs	 may	 act	 as	 miRNA	 sponges.	 This	 is	 the	 most	
studied function of circRNAs. It is well known that the cerebellar 
degeneration‐associated protein 1 antisense transcript (CDR1as) 
contains more than 70 miR‐7‐binding sites but is not degraded by 
RNA‐induced	silencing	complex	(RISC).14,22 CDR1as is a circular in‐
hibitor of miR‐7.23 When CDR1as is highly expressed, miR‐7 activ‐
ity is decreased, leading to increased expression of miR‐7's target 
genes.10,14,22,24	Therefore,	CDR1as	is	also	known	as	CiRS‐7,	a	sponge	
of miR‐7. We all know that disordered miRNAs may be used as on‐
cogenes (oncomiRs) or tumor suppressor genes (ts‐miRs), which play 
an important role in the development of tumors.25‐28 miR‐21 is one 
of the most characteristic oncomiRs overexpressed in gastric can‐
cer.29,30 It has been reported that in vitro synthesized circRNA that 
binds to miR‐21 (scRNA21) can significantly inhibit the expression 
of tumor suppressor gene DAXX (a gene encoding a death domain‐
associated protein), which is originally inhibited by miR‐21, thereby 
significantly inhibiting gastric cancer cells with high expression of 
miR‐21.31 Based on this, scRNA21 can be applied to treatment of 
patients with gastric cancer.

Second,	circRNAs	may	interact	with	RBPs	and	then	participate	
in the regulation of gene expression. RBPs are known to play a 
crucial role in a variety of cellular processes, such as cell function, 

F I G U R E  1   The biogenesis and 
classification of circular RNAs. When the 
pre‐mRNA is back‐spliced to produce 
circRNA, canonical splicing will also occur 
to produce mRNA
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trafficking, and localization, particularly in the post‐transcriptional 
regulation	of	RNA.	Circ‐Foxo3	 (generated	by	 the	Foxo‐3	gene)	 in‐
hibits cell cycle progression by binding to cyclin‐dependent kinase 
2 (CDK2) and cyclin‐dependent kinase inhibitor 1 (P21) to form a 
ternary	 complex,	 circ‐Foxo3‐p21‐CDK2.32 In general, CDK2 binds 
to cyclins A and E to promote cell cycle entry, while P21 inhibits 
these interactions and prevents cell cycle progression. This complex 
impedes the function of CDK2 and thus blocks the progression of 
the cell cycle.33

Third, some circRNAs may even encode proteins. Generally 
speaking, circRNAs have no ability to encode proteins, so they were 
once thought of as non‐coding RNAs. However, researchers have 
found that some circRNAs can be translated if they contain inter‐
nal	 ribosome	 entry	 site	 elements	 (IRES)34 or open reading frame 
(ORF).35 These discoveries have opened new doors for circRNA 
studies.	 A	 report	 shows	 that	 SHPRH‐146aa	 is	 a	 new	 protein	 pro‐
duced	 by	 coding	 of	 the	 SNF2	 histone	 linker	 PHD	 RING	 helicase	
(SHPRH) gene.36	Circ‐SHPRH	uses	overlapping	genetic	code	to	pro‐
duce the 'UGA' termination codon, which leads to the translation of 
17	 kDa	 SHPRH‐146aa.	 Circ‐SHPRH	 is	 highly	 expressed	 in	 normal	
human brain cells but is reduced in glioblastoma. High expression of 
SHPRH‐146aa	in	glioblastoma	cells	may	reduce	malignancy	and	tum‐
origenicity in vitro and in vivo.36 As a result, this protein can become 
a tumor suppressor of human glioblastoma.

Fourth,	circRNAs	may	regulate	transcription	processes.	Zhang	et	
al37 found that circRNAs regulated the expression of their parental 
genes. Generally speaking, these circRNAs that regulate the tran‐
scription process are rich in the nucleus.37 Additionally, EIciRNAs, 
such	 as	EIciEIF3J	 and	EIciPAIP2,	 can	bind	 to	nuclear	 ribonucleop‐
rotein with U1 small nuclear RNA (U1snRNP) and RNA polymerase 
II (Pol II) in a cis‐acting form to enhance transcription of their pa‐
rental genes.38 If the interaction between RNA and RNA is blocked, 
the binding of EIciRNA to Pol II is reduced, and resulting in fewer 
EIciRNA‐U1 snRNP complexes that bind to the gene‐encoding 
promoter.34

4  | THE POTENTIAL DIAGNOSTIC ROLES 
OF CIRCRNA S IN C ANCERS

With regard to cancers, early detection, early diagnosis, and early 
treatment are the most effective ways to reduce death caused by 
cancers. However, many cancer patients have reached the late stage 
when they are clinically discovered due to the lack of early diagnos‐
tic biomarkers. CircRNAs play an important regulatory role in the oc‐
currence and progression of diseases, especially in cancers. They are 
expected to become novel tumor biomarkers of diagnosis and new 
targets for treatment of gastric cancer,5,39‐42 hepatocellular carci‐
noma,43‐46 colorectal cancer,47,48 lung cancer,49‐51 breast cancer,52‐54 
bladder cancer,55,56	and	esophageal	squamous	cell	carcinoma.57,58

Gastric cancer is a malignant tumor originating from the gastric 
mucosal epithelium and is one of the most common malignant tu‐
mors in the world. At present, the mortality rate of gastric cancer is 

still on the rise. When diagnosed, most patients with gastric cancer 
have reached the middle and late stages. Early diagnosis and early 
treatment are the most effective ways to reduce tumor mortality. As 
reported, hsa_circ_002059, hsa_circ_0000190, and circ_LARP4 ex‐
pressions in gastric cancer tissues were significantly downregulated 
compared with those in adjacent non‐tumor tissues.5,39,40 The ex‐
pression levels of hsa_circ_002059 in plasma of patients with gastric 
cancer were also significantly different from those before surgery.5 
These results suggest that hsa_circ_002059 may be a novel, stable 
biomarker for the diagnosis of gastric cancer.5 CircLARP4 (La ribonu‐
cleoprotein domain family member 4) is primarily localized in the cy‐
toplasm and inhibits proliferation of gastric cancer cells by sponge on 
miR‐424 and represents an independent prognostic factor for over‐
all survival in gastric cancer patients.39 The area under the receiver 
operating characteristic (ROC) curve (AUC) of hsa_circ_0000190 in 
tissues and plasma was 0.75 and 0.60, respectively; and the com‐
bined AUC increased to 0.775.40 The sensitivity and specificity of 
hsa_circ_0000190 were 0.712 and 0.750, respectively. They are su‐
perior to the commonly used biomarker carcinoembryonic antigen 
(CEA). Therefore, they may be non‐invasive diagnostic biomarkers 
for gastric cancer.40	Other	circRNAs,	 circ‐SFMBT2	and	circ_PVT1,	
were found to increase expression in gastric cancer tissues.41,42 Circ‐
SFMBT2	was	associated	with	the	tumor	stage	of	gastric	cancer,	and	
silencing	circ‐SFMBT2	significantly	inhibited	the	proliferation	of	gas‐
tric cancer cells.41	More	importantly,	circ‐SFMBT2	acts	as	a	sponge	
for miR‐182‐5p to regulate mRNA expression of cAMP response el‐
ement‐binding protein 1 (CREB1).41	The	fact	that	circ‐SFMBT2	regu‐
lates the involvement of CREB1 mRNA in gastric cancer progression 
by competing miR‐182‐5p offers a new target for the treatment of 
gastric	 cancer.	 Circ_PVT1	 is	 derived	 from	 plasmacytoma	 variant	
translocation	1	gene	(PVT1),	and	the	high	expression	of	circPVT1	in	
gastric cancer tissues is due to the enlargement of its genomic locus 
and can promote cell proliferation through the sponge action of 
miR‐125.42	The	expression	level	of	circPVT1	can	be	used	as	an	inde‐
pendent prognostic biomarker for gastric cancer patients in terms of 
overall	survival	(OS)	and	disease‐free	survival.42	Therefore,	circPVT1	
may become a prognostic biomarker of gastric cancer.

Hepatocellular carcinoma (HCC) is currently the most common 
primary liver cancer in China. Due to the lack of early diagnos‐
tic biomarkers with high specificity and sensitivity, most HCC pa‐
tients have reached an advanced disease stage when diagnosed.59 
In recent years, experiments have found that circ_104075 and cir‐
cRNA_100338 were highly expressed in HCC tissues, plasma, and 
cell lines.43,44	 Furthermore,	 the	 AUC	 of	 circ_104075	 was	 0.973	
with a sensitivity of 0.96 and specificity of 0.983.43 These mean 
that circ_104075 has the potential to become a new biomarker for 
the diagnosis of HCC. The sponge effect of circRNA_100338 with 
miR‐141‐3p plays a key antagonistic role in the regulation of HCC cell 
invasion.44 The differential expression in hepatitis B‐related HCC pa‐
tients shows clinical significance that circRNA_100338 may be a po‐
tentially valuable biomarker for HCC diagnosis and a target for HCC 
treatment.44 CircMTO1 (derived from mitochondrial translation op‐
timization 1 homologue) is also called hsa_circRNA_0007874. The 
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low expression levels of circMTO1 are related to the short survival 
cycle of HCC.45 CircMTO1 may be used as a prognostic factor for the 
low survival rate of patients. In addition, circMTO1 can inhibit the 
progression of HCC by promoting the expression of P21 by acting as 
a sponge for miR‐9, suggesting that circMTO1 can be a potential tar‐
get for HCC treatment.45	CircZKSCAN1,	derived	from	the	zinc	finger	
family	gene	ZKSCAN1,	was	found	to	be	crucially	downregulated	in	
HCC tissues compared with non‐tumorous tissues.46	Further	study	
showed	that	decreasing	the	expression	of	circZKSCAN1	promoted	
the proliferation, invasion, and distant metastasis of HCC cells.46 
This	study	indicates	that	circZKSCAN1	may	serve	as	a	potential	di‐
agnostic biomarker for HCC.

Colorectal cancer (CRC) is one of the most common gastroin‐
testinal tumors and one of the leading causes of cancer deaths 
worldwide.60 At present, increasing evidence shows that circRNAs 
impact the tumor progression of CRC. Research has shown that 
hsa_circ_0136666 is highly expressed in CRC tissues and cell lines, 
and	the	degree	of	high	expression	is	closely	related	to	the	OS	rate	
of CRC patients.47 Another circRNA, hsa_circ_0000523, was ex‐
pressed at low levels in CRC tissues and cell lines.48 In addition, hsa_
circ_0000523 acts as a "sponge" of miR‐31 and indirectly regulates 
the Wnt/β‐catenin signaling pathway, thereby participating in the 
progression of CRC.48

Lung cancer is one of the fastest growing malignant tumors 
with the highest morbidity and mortality. In the past 50 years, the 

incidence and mortality of lung cancer have increased, especially 
in men. Lung adenocarcinoma (LUAD) is considered to be the most 
common type of lung cancer.61 Despite advances in the treatment of 
LUAD, a complete cure remains difficult to attain.62 Thus, it is nec‐
essary to understand the specific pathogenesis of LUAD.63 Previous 
study has demonstrated that hsa_circ_0006427 was expressed at low 
levels in LUAD tissues and cell lines and was associated with progno‐
sis,49 while both circ_100876 and circ_ABCB10 are highly expressed 
in	non‐small‐cell	lung	cancer	(NSCLC)	tissues.50,51 CircRNA_100876 
is	closely	connected	to	the	carcinogenesis	of	NSCLC.50 This means 
that circ_100876 may become a potential prognostic biomarker and 
therapeutic	 target	 for	 NSCLC.50 CircABCB10, also known as cir‐
cRNA_0008717, promotes proliferation and distant metastasis of 
NSCLC	cells	via	the	miR‐1252/FOXR2	axis.51 This result provides a 
new	diagnostic	and	therapeutic	target	for	NSCLC.

Breast cancer (BC) is one of the leading causes of cancer‐re‐
lated death in women and the most serious threat to women's 
health.64 Due to the lack of effective early diagnostic markers, the 
prognosis of BC treatment is very poor.65 Research has demon‐
strated	that	circASS1,	also	known	as	hsa_circ_0089105,	is	reduced	
in BC cell lines, and less expression of hsa_circ_0089105 promotes 
incursion and metastasis of BC cells.52	CircAGFG1	and	circEPSTI1	
are highly expressed in triple‐negative BC (NTBC).53,54 The expres‐
sion	levels	of	circAGFG1	are	closely	related	to	clinical	pathological	
stage and poor prognosis.53	 This	means	 that	 circAGFG1	may	 be	

TA B L E  1  Summary	of	the	clinical	significances	of	some	representative	circRNAs	in	common	cancers

Cancer type Level circRNA Clinical significances Reference

Gastric cancer Down hsa_circ_002059 Diagnostic biomarker 5

circ_LARP4 Suppressive	effect	and	diagnosis 39

hsa_circ_0000190 Non‐invasive diagnostic biomarker 40

hsa_circ_0000096 Diagnostic biomarker 74

Up circ_SFNBT2 Treatment target 41

circ_PVT1 Proliferative effect and prognostic biomarker 42

Hepatocellular carcinoma Up circRNA_104075 Diagnostic and treatment biomarker 43

 circRNA_100338 Diagnostic biomarker and therapeutic target 44

Down circ_MTO1 Therapeutic target and prognostic predictor 45

circ_ZKSCAN1 Diagnostic biomarker 46

Colorectal cancer Up hsa_circ_0136666 Treatment target 47

 Down hsa_circ_0000523 ‐ 48

Lung cancer Down hsa_circ_0006427 ‐ 49

Up circRNA_100876 Prognostic biomarker and therapeutic target 50

circ_ABCB10 Diagnostic biomarker and therapeutic target 51

Breast cancer Down circASS1 ‐ 52

 Up circAGFG1 Diagnostic biomarker and therapeutic target 53

  circEPSTI1 Independent prognostic biomarker 54

Bladder cancer Down circFNDC3B ‐ 55

 Up circTFRC Diagnostic biomarker 56

Esophageal cancer Up circRNA_100876 ‐ 57

Down circ_DLG1 Diagnostic biomarker 58
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expected to act as a new diagnostic biomarker and therapeutic tar‐
get for NTBC.53	CircEPSTI1	(hsa_	circRNA_000479)	promotes	the	
proliferation of TNBC cells and is associated with survival in TNBC 
patients.54 It may serve as an independent prognostic biomarker 
for TNBC.

Bladder cancer is one of the most common malignancies of the 
urinary system worldwide.66	 The	 expression	 of	 circFNDC3B	 has	
been found to be reduced in bladder cancer tissues and is associated 
with	clinical	pathological	 stage,	 lymph	node	metastasis,	 and	OS	of	
patients.55	Meanwhile,	circTFRC	is	upregulated	in	bladder	cancer.56 
CircTFRC	can	promote	 the	proliferation	of	bladder	 cancer	 cell	 line	
and tumor growth and is related to the low tumor stage and survival 
rate.56	As	a	result,	circTFRC	may	serve	as	a	new	biomarker	of	bladder	
cancer.

Esophageal cancer (EC) is a common digestive tract tumor. The 
morbidity and mortality vary widely in different regions.67 A study 
has	shown	that	circ_100876	is	highly	expressed	in	esophageal	squa‐
mous	 cell	 carcinoma	 (ESCC).57 It can promote cell proliferation, 
incursion, and distal metastasis, as well as the progress of EMT.57 
Circ‐DLG1	was	observed	to	be	increased	in	ESCC	tissues,	cell	lines,	
and plasma and can significantly promote cell proliferation.58 These 
results illustrate that circ‐DLG1 may become a novel diagnostic bio‐
marker	of	ECSS.

5  | CONCLUSIONS AND PERSPEC TIVES

Over the years, with the rapid development of widely used RNA 
sequencing	and	bioinformatics,	circRNAs	have	drawn	an	increasing	
attention. Their structure and functions are also increasingly known. 
Although much progress has been made in the research on circR‐
NAs, more in‐depth mechanism studies are needed.

Different types of circRNAs are located in different sites of cells. 
Exonic circRNAs are located in the cytoplasm, while some ciRNAs 
and EIciRNAs are located in the nucleus,10,14,37,68 suggesting that 
circRNAs may have a variety of roles in cells. The latest study has 
shown that circRNAs are abundant and stable in the extracellular 
vesicles	(EVs)	and	can	be	delivered	to	the	exosomes.69 In addition, 
cancer	 cells	 can	 transport	 circRNAs	 via	 EVs	 for	 intercellular	 com‐
munication.70 Additionally, increasing evidence shows that circRNAs 
may become potential therapeutic targets for cancer patients.71,72

It is known that for gastric cancer, CEA is the most commonly 
used screening biomarker.73 However, its sensitivity and specificity 
are only approximately 70% and 50%, respectively. If early gastric 
cancer can be found and treated immediately, the 5‐year survival 
rate can reach more than 90%. There have been reports about the 
combined use of circRNAs in the diagnosis of gastric cancer.74,75	For	
example, the AUC of hsa_circ_0000096 for the diagnosis of gastric 
cancer is 0.82, but when combined with hsa_circ_002059, the AUC 
can reach 0.91.74

For	the	use	of	circRNAs	in	the	treatment	of	cancers,	recent	stud‐
ies have found that the in vitro synthesized miR‐21‐targeted circu‐
lar RNA sponge scRNA21 can significantly inhibit the proliferation 

of gastric cancer cells.31	Another	 study	on	ESCC	 found	 that	over‐
expression	of	CiRS‐7	 in	vitro	and	 in	vivo	counteracts	the	ability	of	
miR‐7 to inhibit cancer cell proliferation, incursion, and lung distal 
metastasis.76

In summary, circRNAs not only play important roles in tumor 
diagnosis, but also may become new targets in treating cancers 
(Table 1).
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