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Research progress of circular RNAs in lung cancer
Yi Ma, Xin Zhang, Yi-Zhi Wang, Hao Tian, and Shun Xu

Department of thoracic surgery, First Affiliated Hospital of China Medical University, Shenyang, Liaoning, China

ABSTRACT
Lung cancer is one of the most common cancers and the leading cause of cancer-related death
worldwide. Despite encouraging results achieved with targeted therapy in recent years, the early
diagnosis and treatment of lung cancer remains a major problem. Circular RNA (circRNA), a type of
RNA with covalently closed continuous loop structures, has structural stability and certain tissue
specificity. Recent studies have found that circRNAs have an important role in tumor development
and are expected to be revealed as new targets for tumor prediction and treatment. Research on the
biological functions and regulation mechanisms of circRNAs in lung cancer is in its infancy but is
gathering momentum. In this review, we discuss the properties, biogenesis, biological function, and
research progress of circRNAs in lung cancer to provide a theoretical foundation and new directions for
studies on circRNAs in lung cancer.
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Lung cancer is one of the most common cancers and is the
leading cause of cancer-related deaths globally.1 The 5-year
survival rate of lung cancer is approximately 15%, mainly as a
result of late-stage diagnosis and the limitations of surgery,
radiotherapy and chemotherapy2 In recent years, targeted ther-
apy has hugely improved. Although drugs targeting proteins
encoded by driver genes such as EGFR, KRAS, and ALK, along
with immune checkpoints such as PD-1, PD-L1, and CTLA-4,
have reignited hopes for patients with advanced lung cancer, the
ensuing drug-resistant problems mean that new therapeutic
approaches are required. In-depth study of the biological
mechanisms involved, along with the discovery of new thera-
peutic targets, are the subject of current lung cancer research.
Circular RNAs (circRNAs) are a novel class of non-coding RNAs
(ncRNAs), representing a new paradigm of gene regulation in
many biological processes. Unlike linear RNAs, circRNAs form
covalently closed continuous loop structures without terminal 5ʹ
caps and 3ʹ polyadenylated tails. This structure makes it a more
stable and conserved molecule that is often expressed in a tissue-
and cancer-specific manner. Therefore, the potential of circular
RNA as a novel tumor marker and therapeutic target is limitless.

1. History of circrnas

As early as the 1970s, Sanger et al. initially identified circular
RNAs in RNA viruses such as plant viruses.3 Based on their
structural specificity, unknown function, and low abundance,
circRNAs were originally considered as experimental interfer-
ence products in the formation of erroneous splicing of exon
transcripts.4 However, with advances in RNA high-through-
put sequencing and other biotechnology, increasing numbers
of studies have confirmed that circRNAs are not splicing
byproducts but biological molecules that can be stably

expressed in a wide range of biological cells in humans,
mice, fruit flies, and nematodes.5,6 CircRNAs are highly con-
served and specific molecules that are widely expressed in
human tissue including the nervous system, circulatory sys-
tem, digestive system, urinary system, lung, breast, and skin.7

Several studies revealed that circRNAs exert a regulatory
function in different diseases via different mechanisms, trig-
gering a research boom in circRNAs.

2. Characteristics of circrnas

Reflecting their unique covalently closed continuous loop struc-
tures, circRNAs have several noteworthy properties. First,
circRNAs are widely expressed. A total of 5.8% to 23% of
actively transcribed human genes reportedly produce
circRNAs.8,9.Second, the lack of exposed 3ʹ and 5ʹ terminals
makes circRNAs more stable and less susceptible to degrada-
tion by ribonuclease R (RNase R) or other exonucleases. Third,
the majority of circRNAs are evolutionarily conserved. The
expression of many circRNAs is not only conserved across
mammals, but is even conserved in evolutionarily distant
Drosophila.10,11 Fourth, most circRNAs are located in the cyto-
plasm, while circRNAs from introns are abundant in the
nucleus.12 Fifth, circRNAs are often expressed in a tissue- and
cancer-specific manner. As potential tumor markers, circRNAs
have high sensitivity and specificity.13 Chen et al. reported that
the sensitivity and specificity of hsa_circ_0000190 is much
better than that of CEA and CA19-9 for the diagnosis of gastric
cancer.14 Last, while circRNAs were originally regarded as a
novel class of ncRNAs, recent studies revealed that several
circRNAs can produce functional proteins.7,12
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3. Biogenesis of circrnas

Early studies found that most circRNAs are derived from the
exons of protein-coding genes.With further research, it has been
found that introns, non-coding regions, and antisense regions
can also participate in their formation.5,15 CircRNAs are gener-
ated by spliceosome-mediated precursor mRNA (pre-mRNA)
back-splicing, which connects an upstream 3ʹ splice site to a
downstream 5ʹ splice site.7,12 Similar to canonical splicing,
back-splicing also appears to be regulated by canonical cis-acting
splicing regulatory elements and trans-acting splicing factors.
However, the same combinations of splicing regulatory elements
and factors may have distinct or even opposing activity during

the regulatory process of back-splicing.16 Moreover, through
alternative back-splice site selection, a single locus can produce
a wide variety of circRNAs.17 According to their origin from
different genomic regions and difference in RNA sequences,
circRNAs can be divided into four categories: exonic circRNAs
(ecircRNAs), circular intronic RNAs (ciRNAs), retained-intron
or exon-intron circRNAs (EIciRNAs), and intergenic
circRNAs.5,7,12 Although the exact mechanism of circRNA pro-
duction remains unclear, researchers proposed three models of
exon circRNA formation (Figure 1) including lariat-driven cir-
cularization, intron-pair-driven circularization, and resplicing-
driven circularization.7,12,19 Their formation is regulated by

Figure 1. （a）Lariat- driven circularization (exon skipping)：Following canonical splicing, exons in exon-containing lariats undergo back-splicing and circulariza-
tion, which results in the formation of ecircRNA or EIciRNA molecules. (b) Intron pairing-driven circularization: Flanking long introns containing reverse
complementary sequences such as the Alu sequence may promote intron pairing and exon circularization. (c) Resplicing-driven circularization：mature mRNA
exons may form EcircRNAs by back-splicing and circularization (d) Following canonical splicing, introns may form lariats to escape the usual intron debranching and
degradation. Then ciRNAs are formed. (e) CircRNAs function as miRNA sponges. This figure is adapted from Wang et al.18.
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many factors. Flanking long introns containing reverse comple-
mentary sequences such as the Alu sequence may promote
intron pairing and exon circularization.10,20 RNA binding pro-
teins (RBPs) also play an important role in the regulation of
circRNA formation.8 QKI and MBL/MBNL1 proteins can pro-
mote circularization by combining with the specific sites of
preRNAs,8,21 while the RNA splicing enzyme ADAR binds to
RNA and inhibits the formation of circRNAs by the action of
adenosine-to-inosine (A-to-I) editing.22 CiRNA biogenesis,
which occurs via a lariat-derived mechanism, depends mainly
on a 7-nt GU-rich element near the 5ʹ splice site and an 11-nt
C-rich element near the branch point site.15,20 In addition, John
et al. found that precursor tRNAs can be cleaved into loops to
form tricRNAs.23 Furthermore, sequence analyses have shown a
weak but significant enrichment of conserved nucleotides
between few ciRNAs and intergenic circRNAs.5 However,
there is currently very little information on the overall charac-
teristics and biogenesis processes of intergenic circRNAs.

4. Circrna function

4.1 Mirna sponge

miRNA is a type of lncRNA that has an important role in
the post-transcriptional regulation of gene expression,
binding to specific sites of mRNA to prevent its transla-
tion or promote its degradation.24 A number of circRNAs
contain miRNA response elements (MREs), which acts as
miRNA sponges through competitive binding to miRNAs,
thereby weakening the role of miRNAs in the regulation of
mRNAs. CDR1as/ciRS-7 was the first circRNA to be
demonstrated to have an miRNA sponge function, which
can significantly inhibit the activity of miR-7. Further
studies revealed that ciRS-7 contains more than 70 selec-
tive binding sites for miR-7, and its ability to bind to miR-
7 is 10 times higher than other known transcripts.5,25 In
addition, ciRS-7 can also combine with miR-671 and
induce its self-degradation to release miR-7.26 Zheng
et al. found that circHIPK3 has multiple binding sites for
nine miRNAs, suggesting that circRNAs can act as
sponges for various miRNAs.27 The miRNA sponge effect
of circRNAs is not limited to humans. Researchers found
that Sry circRNA has 16 miR-138 binding sites in mouse
testes, acting as a sponge to regulate its expression.25

Meanwhile, circRNA can act as a competitive endogenous
RNA (ceRNA) to regulate miRNA levels, thereby affecting
upstream and downstream gene networks, providing a
new direction for the treatment of human diseases but
especially tumors.28

4.2 Interactions with rbps

Albrecht et al. first reported that circRNAs can bind to
RBPs such as IMP3.29 Several circRNAs can bind, store,
and even insulate RBPs from specific subcellular sites.30

CircRNAs can also act as competitive elements to influence
the function of RBPs. Recent studies have also found that
circRNAs may be assembled as scaffolds for larger protein
complexes.25,31

4.3 Regulation of gene expression

Unlike ecircRNAs, ciRNAs and EIciRNAs are mostly located
in the nucleus and tend to function at the transcriptional level.
EIciRNAs, such as circEIF3J, upregulate their parental gene
expression in cis by interacting with U1 nuclear ribonucleo-
protein (U1 snRNP) and RNA polymerase II upstream of
transcription start sites.32 Furthermore, Ashwal-Fluss et al.
found that circRNAs such as circMbl can act on gene expres-
sion in trans by competing with linear splicing.21 During
circMbl formation, back-splicing can compete with the classi-
cal linear splicing of MBL pre-mRNA, thus affecting the
formation of linear RNA. Additionally, during the formation
of ecircRNAs, some ecircRNAs may sequester translation start
sites, leading to the production of non-coding linear tran-
scripts and thereby reducing protein expression.31

4.4 Translation

Although circRNAs have long been considered as a type of
ncRNA, researchers have not stopped exploring their transla-
tional capacity. Initial studies found that synthetic ecircRNAs
containing internal ribosome entry sites or prokaryotic bind-
ing sites have protein-coding abilities in vitro and in vivo,
leading to the question of whether these translational pro-
ducts exist endogenously.16,33 Recent studies have found that
a series of circRNAs in Drosophila have a function in transla-
tion. N6-methyladenosine (m6A) modifications are enriched
in many circRNAs, while m6A recognition protein YTHDF3
can bind to the modification sites of certain circRNAs and
recruit the translation initiation factors eIF4G2 and eIF3A to
start translation of circRNAs in a cap-independent manner.34

Legnini et al. indicated that circZNF609 can be translated into
proteins in a splicing- and cap-independent manner.35 In
addition, the association of many circRNAs with polysomes
has been determined.34 These emerging evidences indicate
that circRNAs may also function as protein-coding RNAs,
thus further studies may ultimately reveal a series of unchar-
acterized proteins and clarify the processes in which they are
involved.

5. Circrnas in lung cancer

CircRNAs play an important role in the development of
human diseases, and their potential in diagnosis and treat-
ment is encouraging. Despite the discovery of thousands of
circRNAs in lung cancer tissues and cell lines through second-
generation sequencing technology, many circRNAs are found
to be abnormally expressed in lung cancer, but the study of
their specific functional mechanisms in the development of
lung cancer has just begun (Table 1). Wan et al. found that
the expression of cir-ITCH was decreased in lung cancer cell
lines.36 Further mechanistic studies showed that cir-ITCH can
act as an miR-7 and miR-214 sponge in lung cancer, thus
enhancing the expression of its parental tumor suppressor
gene ITCH and blocking activation of the Wnt/β-catenin
signaling pathway, eventually inhibiting the proliferation of
lung cancer cells. Interestingly, miR-7 and miR-214, in turn,
can induce cir-ITCH degradation. Hansen et al. found that
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CDR1as can have a tumor suppressing role by sponging a
large amount of miR-7, though miR-617 can bind with
CDR1as to induce its cleavage and release miR-7.26 MA
et al. proposed that circMAN2B2 promotes the expression of
FOXK1 through sponging miR-1275, which in turn promotes
cell proliferation and invasion in a cancer-promoting role.37

Liu et al. found that circZEB1.5, circ-ZEB1.19, circ-ZEB1.17,
and circ-ZEB1.33 were downregulated in lung cancer tissues.-
38 These circRNAs may act as miR-200 sponges, which has
been reported to target ZEB1 and to promote cancer initia-
tion, and then regulate ZEB1 gene expression in lung adeno-
carcinoma. Tian et al. illustrated that circHIPK3 could
promote cell proliferation through miR-379-regulated insu-
lin-like growth factor (IGF1) expression in NSCLC cell lines
NCI-H1299 and NCI-H2170.39 In addition, another of their
studies found that cinnamaldehyde interfered with NSCLC
through the hsa_circ_0043256/miR-1252/ITCH axis.40 Wang
et al. found that hsa_circ_0012673 acts as a miR-22 sponge
and regulates the expression of erb-b2 receptor tyrosine
kinase 3 (ErbB3), thereby promoting the proliferation of ade-
nocarcinoma cells.41 Jiang et al. highlighted that hsa_-
circ_0007385 is related to cell proliferation, invasion, and
metastasis, and may be related to miR-181.42 Yin et al.
found that circUBAP2 plays an important role in the prolif-
eration and invasion of lung cancer in vitro, and its specific
mechanism may be related to miR-339-5p, miR-96-3p, and
miR-135b-3p.43

Researchers have also explored the diagnostic signifi-
cance of circRNAs. CircRNAs may be stably expressed
and present in relatively high quantities in human blood,
saliva and exosomes.44 Combined with its tissue and tumor
specificity, circRNAs are expected to become novel tumor
markers for lung cancer. Yao et al. revealed that circRNA-
100876 is highly expressed in NSCLC tissues, and is closely
related to tumor stage and lymph node metastasis.45

Patients with high circRNA-100876 expression have signifi-
cantly shorter overall survival. This study suggested that

circRNA-100876 may regulate MMP-13 expression through
sponge function, thus affecting tumor proliferation and
metastasis. Zhu et al. indicated that hsa_circ_0013958 is
significantly upregulated in lung adenocarcinoma and acts
as a miR-134 sponge to upregulate the oncogene CCND1
(cyclin D1), thereby promoting lung adenocarcinoma cell
proliferation, invasion, and inhibition of cell apoptosis.46

Meanwhile, the level of hsa_circ_0013958 is closely related
to TNM stage and lymphatic metastasis. Luo et al. demon-
strated that hsa_circ_0000064 is upregulated in lung cancer
and can promote cell proliferation and metastasis.47 Hence,
its abnormal expression is significantly associated with
lymph node metastasis and TNM staging of lung cancer.
Zhang et al. found that the expression of hsa_circ_0014130
is also significantly associated with lung cancer staging and
lymph node metastasis.48

In addition, studies also found that mutations of genes that
produce circRNAs may be associated with the occurrence of
lung cancer, suggesting that circRNAs could have a role in the
genetics of lung cancer. Qiu et al. found that amplicon 3q26.2,
which is susceptible to gene mutation, can produce
circPRKCI, and thus promote cell proliferation and migration
through the circPRKCI-miR-545/589-gene E2F7 axis in a
tumor-promoting function.49 At the same time, circPRKCI
is associated with TNM staging and prognosis of lung cancer.

6. Circrna databases

The enthusiasm for circRNA research has contributed to the
development of circRNA databases to help researchers con-
duct more extensive and in-depth studies (Table 2). CircBase
collects and integrates circRNA information from six species
including humans, mice, and fruit flies, and has gene annota-
tions for researchers to browse and download for free.50

CircNet provides information on tissue-specific circRNA
expression profiles and circRNA–miRNA–gene regulatory
networks.38 CircIntercome can help researchers search for
miRNA and RBP binding sites on circRNAs, and design

Table 1. CircRNAs and lung cancer.

CircRNAs Expression Function Refs

cir-ITCH Down miR-7, miR-214 sponge, inhibiting
Wnt/β-
catenin signaling

35

CDR1as Up miR-7 sponge 25
circMAN2B2 Up miR-1275 sponge 36
circZEB1.5
circ-ZEB1.19
circ-ZEB1.17
circ-ZEB1.33

Down miR-200 sponge 37

circHIPK3 Highest
expression in
NCI-H2170
cells
and lowest in
NCI-H1299
cells

miR-379 sponge 38

hsa_circ_0012673 Up miR-22 sponge 40
hsa_circ_0007385 Up - 41
circUBAP2 Up - 42
circRNA-100876 Up - 44
hsa_circ_0013958
hsa_circ_0000064
hsa_circ_0014130
circPRKCI

Up
Up
Up
Up

MiR-134 sponge
-
-

miR-545,miR-589 sponge

45
46
47
48

Table 2. CircRNAs Databases.

Databases Characteristics URL Refs

circBase

circNet

circIntercome

circ2Traits

starBase v2.0

deepBase
v2.0

circRNADb

CIRCexplorer

The merged and unified data sets
of circRNAs
Tissue-specific circRNAs expression
profiles and circRNA-miRNA-gene
regulatory networks
Predicting and mapping RBP and
miRNA binding sites on reported
circRNAs
A disease-circRNA
association database providing
putative miRNA-circRNA-mRNA
interaction networks
Providing miRNA-circRNA, cicrRNA-
RBP interaction networks
Providing a comprehensive
transcript profile of circRNAs
Human circRNAs
with protein-coding annotations

circRNAs annotations

http://www.cir
cbase.org/
http://circnet.mbc.
nctu.edu.tw/

https://circinterac
tome.nia.nih.gov/

http://gyanxet-
beta.com/circdb/

http://starbase.
sysu.edu.cn/
http://deepbase.
sysu.edu.cn/
http://reprod.
njmu.edu.cn/cir
crnadb
http://yanglab.
github.io/
CIRCexplorer/

49

37

50

51

52

53

54

55
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circRNAs detection primers and siRNAs for circRNAs
silencing.51 Circ2Traits classifies circRNAs by different dis-
eases and provides putative miRNA-circRNA-mRNA interac-
tion networks. In addition, it can also locate disease-
associated SNPs on circRNAs locus.52 StarBase v2.0 integrates
published circRNA data to construct miRNA–circRNA and
cicrRNA–RBP interaction networks.53 DeepBase v2.0 builds a
comprehensive transcript profile of circRNAs.54 Moreover,
the emergence of databases such as circRNADb55 and
CIRCexplorer56 provides researchers with more options.
Although these databases have their own advantages, there
are still several problems including little overlap in prediction
and no clear gold standard. Therefore, an important step for
using these bioinformatics approaches is to adjust the search
strategy to elevate the confidence with an appropriate
threshold.

7. Conclusions and perspectives

In recent years, although the progress of targeted therapy and
immunotherapy has given new hope for lung cancer patients,
the ensuing problems of drug resistance require new
approaches for early diagnosis and treatment of lung cancer.
The recent revelation of the widespread existence of circRNAs
casts an attractive light on the research and therapy of lung
cancer. Mechanistic and functional studies have transformed
circRNAs from useless splice byproducts into potential targets
for tumor diagnosis and treatment. Although current knowl-
edge of the biological function and mechanism of circRNAs
remains limited, continuous exploration may bring oncolo-
gists closer to tumor cures. Current studies have found that
circRNAs may have diagnostic significance in TNM stages
and metastasis of lung cancer. Their role as miRNA sponges
in the development of lung cancer provides a new direction
for the treatment of lung cancer. However, there are still
many gaps and problems in the study of circRNAs in lung
cancer. First, the high cost of second-generation sequencing
technology limits the sample size of studies, making the
results inconclusive or unconvincing. Meanwhile, there is a
lack of comparative studies on circRNAs in the different types
of lung cancer and in precancerous lesions of lung cancer.
Second, the research is mostly limited to the miRNA sponge
function of circRNAs, and there are few studies on other
functions of circRNA such as protein coding. Third, the
interaction of circRNAs with miRNAs and RBPs in lung
cancer is very important for the establishment of a complete
regulatory network and requires further study. Fourth,
although circRNAs can be detected in human blood, saliva,
and exosomes, it remains unclear as to whether they can be
detected in the sputum of lung cancer patients. Also, current
studies often use lung cancer tissues or cell lines as research
specimens, and there is lack of research on blood or exo-
somes. Diagnostic experiments also need to contrast or com-
bine with common tumor markers such as CEA and NSE, etc.
Fifth, the occurrence and development of lung cancer are
closely related to immune regulation, and few circRNAs stu-
dies have been performed in the field of lung cancer immu-
nity. Sixth, lung cancer is a disease with a genetic
predisposition, but there are limited studies concerning the

occurrence of circRNAs producing gene mutations associated
with lung cancer. Finally, little is known about the clearance
of circRNAs. Lasda et al.57 found that cells may be able to
clear circRNAs by releasing vesicles, but other pathways are
not yet clear. Although the features of circRNAs and their
functional mechanisms make them potentially useful for tar-
geted therapy, the study of circRNAs in lung cancer has just
begun. The number of circRNAs studied to date is minimal,
and the functional mechanisms are unclear. Their use in lung
cancer treatment through translational medicine requires far
more study.

In future, with the maturation of the second-generation
sequencing technology and the reduction in cost, along with
the emergence of new detection technologies and the perfec-
tion of the circRNA database, researchers are expected to
develop circRNAs as a clinically available lung cancer marker
through large-scale multiple control studies. The regulatory
network of circRNAs–miRNAs–mRNAs will also be
improved by incorporating more factors. CircRNA drugs
such as artificial sponges will be applied to lung cancer treat-
ment through translational medicine. In conclusion, circRNA
has great potential in the diagnosis, prediction, and treatment
of lung cancer. It is believed that through the continuous
efforts of researchers, circRNA will become another powerful
tool to overcome lung cancer.
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