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Circular RNAs (circRNAs) are a class of newly-identified non-coding RNA molecules. CircRNAs are conserved across different
species and display specific organization, sequence, and expression in disease. Moreover, circRNAs’ closed ring structure, insen-
sitivity to RNase, and stability are advantages over linear RNAs in terms of development and application as a new kind of clinical
marker. In addition, according to recent studies, circular RNA-7 (ciRS-7) acts as a sponge of miR-7 and thus inhibits its activity.
Numerous evidences have confirmed expression of miR-7 is dysregulated in cancer tissues, however, whether ciRS-7 invovled in
oncogenesis by acting as sponge of miR-7 remains unclear. Most recently, a study reported ciRS-7 acted as an oncogene in hepato-
cellular carcinoma through targeting miR-7 expression. This suggest ciRS-7/ miR-7 axis affects oncogenesis, and it provides a new
perspective on the mechanisms of decreased miR-7 expression in cancer tissues. Discovery of sponge role of circRNAs caused
researchers to more closely explore the underlying mechanism of carcinogenesis and has significant clinical implications, and may
open a new chapter in research on the pathology and treatment of cancers. This review summarizes the structure and function of
circRNAs and provides evidence for the impact of ciRS-7 in promoting the development of cancer by acting as sponge of miR-7.
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Circular RNAs (circRNAs) are a class of newly-identified
non-coding RNA (ncRNA) molecules, and involved in post-
transcriptional regulation like miRNA, long non-coding RNA
(IncRNA) and other regulatory RNAs. In the past, the central
dogma asserted that RNA’s primary role was that of messenger
RNA (mRNA), but with the development of a purification
method for circRNA molecules combined with improved
high-throughput sequencing technology and data analysis
methods, thousands of circRNA molecules have been found
in humans, leading to new understanding of RNAs many
functions [1]. Because they form a closed continuous loop,
circRNAs are more stable, and less sensitive to RNase R than
linear RNAs, both advantages in the development and ap-
plication of new diagnostic markers. Although the specific
biological functions of circRNA are poorly understood, the

two Nature studies indicate that some circRNA compete with
endogenous RNA (ceRNA) in gene expression regulation [2,
3]. They also directly bind to target miRNAs to inhibit their
expression levels. In addition, circRNA may be an important
class of posttranscriptional regulatory factors that can regulate
levels of other RNAs and protein activity and act as templates
for protein synthesis (Fig 1).

Antisense to the cerebellar degeneration-related protein 1
transcript (CDR1as, also known as the ciRS-7) is a recently-
discovered circular RNA associated with human disease. This
circRNA has at least 70 conservative binding sites for miRNA,
so it acts as a miRNA sponge to regulate the expression of
miRNA target genes [2, 3]. Studies have found that CDR1as,
together with miR-7, is highly expressed in developing mid-
brain regions. In zebrafish embryos, overexpression of ciRS-7
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Figure 1. Biological functions of circRNA. (A). CircRNA functions as a miRNA sponge to promote the expression of some of miRNA’s targets. (B).
CircRNA combines with RNA binding protein (RBP) and AGO protein. (C). CircRNA directly binds base of other RNAs.

reduces the volume of the midbrain, but the damage can be
prevented by supplying the miR-7 precursor. This suggests
that ciRS-7 may exert a biological effect by interacting with
miR-7. The roles of ciRS-7 in the process of cancer initiation
and progression has also gathered prominence. Most recently,
astudy reported ciRS-7 acted as an oncogene in hepatocellular
carcinoma through targeting miR-7 expression[4]. Cancer
remains as one of the leading causes of mortality worldwide
[5], therefore it remains imperative to clarify the underlying
mechanisms and novel therapies to improve the survival rate
of cancer patients. Deciphering ciRS-7 interplay with miR-7
in cancer would likely confer ciRS-7 great potential to become
new diagnostic markers in early stages of cancer, and raise
possibility for novel therapeutic interventions.

In this review, we provide a concise and up to date overview
of circRNAs, and in particular discuss the context in which
ciRS-7 play a role of cancer development by acting as sponge
of miR-7.

Mechanism of circRNA formation

Generally speaking, a normal RNA splicing reaction has
two transesterifications: (1) An adenine nucleotide in the

branch site attacks a 5 splicing site upstream through 2’-hy-
droxy, dissociating upstream exons from introns and making
lariat introns and exon intermediates downstream; and (2)
The 3’-hydroxy located on the end of the exon splicing site
upstream attacks a splicing site downstream and connects
upstream and downstream exons sequentially to form mature,
linear RNA molecules, which can release the remaining lariat
RNA fragments [6]. However, in eukaryotes there is a special
back splicing which links the upstream sequence of exons re-
versely with the downstream sequence of exons. This process
is called exon cyclization through reverse splicing, or “exon
circularization,” and the final product is circRNA. Although
circRNA formed by exon cyclization was first found in mam-
malian cells decades ago [7-9], levels of this type of circRNA
are very low, and it was considered to be a byproducts of er-
roneous splicing and long ignored [10].

Brown et al. [11] reports that hundreds of human gene
transcriptions are initiated by a classical process where RNA
molecules are spliced into rings. These circRNAs consist of a large
chunk of identified transcript, indicating that the circRNAs are
more abundant and important than previously thought. The
study used new analytical methods to show that the circRNAs
may be part of a biological process which has not yet been found.
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Figure 2. Possible models of circRNAs formation. (A). Lariat-driven circu-larization. Splice donor in 3’ end of exon 1 and splice acceptor in 5’ end of
exon 4 are covalently jointed together, then the introns are removed, and finally exonic circRNA is formed. (B). Intron-pairing-driven circularization.
By base-pairing, intron 1 and intron 3 are formed circular structure; then introns are removed to form exonic circRNA. (C). Circular intronic RNA.

Intron 1 itself circularizes and then forms ciRNA. (D). EIciRNA is generated due to the retention of internal introns.

At present, circRNA molecules can be divided into three
categories according to where in the genome they originated
and the composition of their sequence: exonic circRNA [11-
13], circular intronic RNA (ciRNAs) [14] and retained-exon
circRNA [15] (Fig 2). Although the processing mechanism are
not fully clear, recent research suggests that each of these three
types are produced in completely different ways.

Exonic circRNA. In the past, it was widely accepted that
most exons in human precursor messenger RNA (pre-mRNA)
were spliced into linear RNA molecules, but in recent years,
researchers found that exons are also spliced into circRNA.
Exonic circRNA originated from exons in the genome, and
the composition of their sequence is only exons, without
introns. Formation of exonic circRNA was mainly divided
into two models: lariat-driven circularization and intron-
pairing-driven circularization.

In 2013, Jeck WR et al. [13] put forward two models of
circRNA coming from exons: lariat-driven circularization
and intron-pairing-driven circularization. The first steps in
these two models are different: lariat-driven circularization is

initiated through covalent bonding between a splice donor and
splice acceptor, while intron-pairing-driven circularization is
accomplished through a complementary pair bond between
two introns. In the next step, for both models, the spliceosome
removes residual introns and forms circRNA. Experimental
data is still needed to demonstrate which, if either, model is
correct, and to discern how production is controlled. Yang et
al. [16] used genome-wide analysis and circRNA recapitula-
tion to show that exon cyclization depends on complementary
intron sequences on both sides. They also found that com-
petition between RNA molecules in flanking introns and
other intron RNA molecules can affect the efficiency of exon
cyclization. Selective RNA pairing and competition between
RNA molecules result in selective cyclization, so that one gene
can produce a variety of circRNA transcriptions. These results
support the intron-pairing-driven circularization theory and
show that it is the complementary sequence of introns that
mediates exon cyclization, whose product is likely to further
increase the known complexity of transcriptional regulation
in mammal cells. Recently, German researchers [17] identified
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Figure 3. Regulatory network of circRNAs in cancer

circRNA in C. elegans, and reported that introns around the
circRNA were highly enriched in the event of RNA editing
or super editing. Expression of circRNA can be significantly
increased by knocking out the double-stranded RNA-editing
deaminase ADAR21. The study provided a model of how
animal circRNA forms a larger structure through interaction
between RNA molecules. This structure promotes the cycliza-
tion of embedded exons.

CircRNA in introns. Although most circRNAs were identi-
fied from exons, circRNAs originated from introns emerged
in recent research. Most introns form a lasso structure after
splicing, and the products are degraded after debranching.
The formation of ciRNAs is dependent on the conserved mo-
tifs at both ends of the intron, which are the GU-rich motif
contained seven nucleotides at the 5 splice site and the C-rich
motif contained eleven nucleotides at the 3’ splice site. These
motifs inhibit the effect on debranching, thus introns are
present in the ring structure. The biggest difference between
ciRNAs and exonic circRNAs is that the former is a 2’-5
phospholipid-linked cyclized molecule, while the latter is
a 3’-5" phospholipid-linked cyclized molecule.

Chen et al. [14] have reported that some introns can form
circRNA instead of being debranched after splicing if they
contain key sequences. The study also found one kind of
ciRNA and verified that it existed stably in a variety of impor-
tant cells. The ciRNAs were different from known circRNAs
in the cytoplasm in their source, generation, regulation, and
location, and they were from an intron sequence and regulated
by specific cyclization sequences. Mature ciRNAs are located
in the position near the transcription locus and regulate tran-
scription of a standard gene through the interaction between
ciRNAs and the RNA polymerase II complex. In summary,
the circRNA molecules found in the study comprise a new
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type of long noncoding RNA molecules in terms of structure
and concept, and they shed light on the diversity of expression
regulation in eukaryotic cells.

Exon-intron circRNA (EIciRNAs). In the process of reverse
splicing to form exonic circRNAs, some circular RNA molecules
containing un-spliced introns can also be stably present for
some reason, these circRNAs are named exon-intron circular
RNAs (EIciRNAs). EIciRNAs may be intermediates in the splic-
ing process, or a class of independent circular RNA molecules.
Shan Ge et al. [15] identified a class of circRNA related to RNA
polymerase I EIciRNAs. RNA polymerase II may catalyze the
transcription and synthesis of mRNA and precursors of small
nuclear RNA (snRNA) and microRNA. In the study, researchers
found that EIciIRNAs were located in the nucleus and Ul snRNA
genes promoted transcription of their parental gene. These
results revealed that circRNA plays a previously-unknown role
in regulating gene expression in the nucleus.

ciRS-7/ miR-7 axis on the development of cancer

circRNAs and cancer. Considering the large a number of
circRNAs that have been identified, it is possible that many
circRNAs may act as microRNA sponges in regulating the
proliferation, invasion and metastasis of cancer. Recent re-
search has indicated that circRNAs may play a crucial role in
the initiation and development of some cancers such as breast
cancer [18], pancreatic ductal adenocarcinoma [19], oral squa-
mous cell carcinoma [20], gastric carcinoma [21], colorectal
cancer [22], esophageal squamous cell carcinoma (ESCC) [23],
hepatocellular carcinoma (HCC) [4, 24]and many others. In
addition, circRNAs are involved in many cancer-related signal-
ing pathways via directly targeting oncogenic factors including
mcmb [20] and Foxo3 [25] (Fig 3).
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Researchers at the University of South Australia found
a circRNA-related RBP through high-throughput screening
in an RBP siRNA library, providing a preliminary probe for
the role of circRNAs in the process of epithelial-mesenchymal
transition (EMT). The researchers hope to learn more about
circRNA function and develop effective cancer treatments
based on these stable transcripts [26]. Chinese scholars [23]
have studied changes in circRNA expression in the develop-
ment of ESCC. The researchers used the Taqgman reverse
transcription PCR technique to analyze 684 patients to study
the relationship between cir-ITCH and ESCC. cir-ITCH is
a circular RNA that spans several exons of E3 ubiquitin pro-
tein ligases (ITCH). They found that cir-ITCH expression is
lower in ESCC compared with adjacent tissue, and verified
the function of cir-ITCH through biochemical experiments.
As a sponge of miR-7, miR-17, and miR-214, cir-ITCH may
increase the ITCH level, which in turn promotes degradation
of ubiquitin and phosphorylation of Dvlz, which may inhibit
the Wnt/p-catenin pathway. Zhu [4] reported knock down of
Cdrlas suppressed the HCC cell proliferation and invasion
through targeting miR-7. These data suggested that Cdrlas
acted as an oncogene partly through targeting miR-7 in HCC.
Analogously, Foxo3 circular RNA (circ-Foxo3) can also act as
a sponge of potential miRNAs increasing Foxo3 translation
thereby suppressing tumor growth, cancer cell proliferation
and survival [25]. The circRNAs that act as miRNA sponges
are providing us a novel perspective to treat cancer, so more
circRNA-miRNA-gene regulatory networks in cancer initia-
tion and progression are needed for further investigations.

miR-7 and cancer. miR-7 can serve as a tumor suppres-
sor that is down-regulated in a variety of cancers, such as
hepatocellular carcinoma (HCC) [27] , lung neoplasm [28],
cervical cancer [29], gastric carcinoma (GC) [30], tongue
cancer [31], breast cancer [32] and Schwannoma tumor [33].
It has conclusively been demonstrated that miR-7 is involved
in many cancer-related signaling pathways via directly down-
regulating expression of crucial oncogenic factors including
EGF receptor, IRS-1 and IRS-2 [34], Rafl [35], Ackl [33],
Pak1[36], PIK3CD and mTOR [27].

miR-7 is involved in multiple biological processes of vari-
ous cancers; for example, it promotes the growth of cervical
cancer cells. miR-7 is involved in several pathways related to
liver cancer progression, such as the PIK3CD/Akt/mTOR
signaling pathway, CCNE1-induced inhibition of cell growth,
and the HBx-miR-7-EGFR signaling pathway [27, 37, 38]. Fang
[27] confirms that miR-7 expression is significantly lower in
HCC cells than in normal cells, suggesting that up-regulation
of miR-7 could inhibit the cancer’s progression. miR-7 has
paired base pairs with PIK3CD, mTOR, and p70S6K, and
could effectively regulate the PIK3CD/ Akt/ mTOR signal-
ing pathway by directly targeting these three molecules. The
PIK3CD/ Akt/ mTOR signaling pathway may regulate multiple
steps in HCC progression, so that miR-7 would play the role of
inhibiting tumor formation and reversing metastasis. Zhang
et al. [37] found miR-7 induces growth in G1 of HCC cells,

and confirmed CCNEI is a target of miR-7, so miR-7 could
down-regulate CCNEL1 to inhibit HCC cell growth. Chen et
al. [38] reported that HBx up regulates miR-7 expression to
target the 3’UTR of EGFR mRNA, which in turn reduces EGFR
protein expression in HCC cells. HBx-mediated EGFR sup-
pression shifts HCC cells to slow-growth behavior. In contrast,
reduction of HBx or miR-7 expression or restoration of EGFR
expression can increase the growth rate of HCC cells. Chen
demonstrated miR-7-dependent EGFR suppression by HBx,
supporting an inhibitory role for HBx in HCC cell growth.
These findings not only identify miR-7 as a novel regulatory
target of HBx, but also suggest HBx-miR-7-EGFR is a critical
signaling pathway in controlling the growth rate of HCC cells.

ciRS-7/miR-7 axis and cancer. It has been implied that
cirs-7 likely serves as a crucial factor that is significantly in-
volved in various cancers. miR-7/ciRS-7/target gene regulatory
network constructed by CircNet database involved in a variety
of cancers, such as Breast cancer [32], Cervical cancer [29],
Schwannoma tumor [33], Tongue cancer [31], Lung neoplasm
[28], Gastric carcinoma [30], Hepatocellular carcinoma [27].
One study found clinical implication and biological relevance
of ciRS-7 in the development and progression of HCC [24].
Moreover, recent research reported knockdown of ciRS-7
suppressed the HCC cell proliferation and invasion through
targeting miR-7 in vitro.

Zhu et al. [4] reported ciRS-7 expression was upregulated in
HCC tissues compared with the adjacent non-tumor tissues. In
addtion, miR-7 expression was downregulated in HCC tissues
compared with the adjacent non-tumor tissues. Moreover, the
expression level of miR-7 was inversely correlated with ciRS-7
in HCC tissues. Knock down of ciRS-7 suppressed the HCC
cell proliferation and invasion through targeting miR-7. These
data suggested that ciRS-7 acted as a promoter of the devel-
opment of HCC partly through targeting miR-7. In addition,
a recent review reported that expression analyses of various
tumor cell lines showing wide spread expression of ciRS-7
in lung carcinomas, renal cell, neuroblastomas and frequent
expression in astrocytoma [39]. There is a large degree of
subcellular co-localization between ciRS-7 and miR-7 in HeLa
cells when analyzed by IF-fluorescence in situ hybridization
and RNA-fluorescence in situ hybridization [2]. The stable
expression of ciRS-7 in HeLa cells [2, 11] indicates that ciRS-7
may be associated with cervical cancer.

Moreover, ciRS-7 can be used as an ideal ceRNA of miR-7,
as it sequesters and potently quenches the normal activities of
miR-7 [3]. Furthermore, ciRS-7 is sensitive to miR-671. miR-
671 can induce the degradation and endonucleolytic cleavage
of ciRS-7, so ciRS-7 may be responsible for bringing miR-7
to a subcellular location where miR-671 promotes the release
of miR-7 by ciRS-7 [40]. Thus suggesting that miR-671 may
inhibit the expression of miR-7. From the interaction of ciRS-7
with cancer associated miR-7, we surmise that they have a po-
tential role in the regulation of cancer (such as cervical cancer).

In summary, miR-7 is closely coupled to ciRS-7 through
multiple miRNA response elements (MREs) in the circular



326

X. B. ZHENG, M. ZHANG, M. Q. XU

RNA. It has been implied that fine-tuning of the miR-7/miR-
671/ciRS-7 axis will likely serve as profound factors involved
in cancer-associated biological processes, which may either
promote cancer progression or suppress carcinogenesis de-
pending on the expression level of miRNA target genes.

Detection methods for circRNA

In the past, sequencing technologies could not identify cir-
cular molecules without a 5" terminal cap and 3’ poly(A) tail,
and early RNA-seq technology could not distinguish them well
because of the particular way in which they are produced. For
example, exonic circRNAs are produced through back-splice,
and early genetic algorithms directly excluded them [1]. But
with recent breakthroughs in research techniques, particu-
larly high-throughput sequencing technologies, researchers
discovered the existence of circRNA molecules in various
species [11,12]. As techniques progressed and combinations
of different methods improved the efficiency and accuracy
of circRNA detection, a solid foundation was laid for further
exploring the mechanisms and biological functions of this
class of molecules. At present, detection methods for circRNA
are as follows:

Molecular biology method. This new technique greatly
improves the efficiency of detecting the special structure of
these molecules. Separation of poly(A)-RNA and removal of
ribosomal RNA (rRNA) was first reported and used in high-
throughput sequencing by Yang in 2011 [16]. They focused
on poly(A)-RNAs ignored by traditional high-throughput se-
quencing and reduced the signal interference of poly(A)+RNA.
In addition, they discovered that some exons did not belong to
the class of poly(A)-RNAs called excised exons; these proved
a few years later to be circRNA molecules [12].

Enzymatic methods are also helpful in the detection of
circRNA. RNase R, for example, has a strong RNA exonu-
clease activity from 3’ to 5" which can remove linear RNAs
or Y-shaped RNAs to collect circRNA molecules specifically
[41]. But the exonic circRNA and ciRNAs can resist diges-
tion by RNase R. In addition, some researchers report that
tobacco acid pyrophosphatase and terminator 5’ -dependent
exonuclease can collect circRNA. These two enzymes have
the ability to remove the 5’ terminal cap and cut the fragment
from 5’ to 3} which can also be used to verify the existence of
the circRNA molecules [2].

Danan M et al. [12] discovered that circRNA moves more
slowly in gel than do linear RNAs of the same length because
circRNA had no 3’ terminal end, and its migration cannot
be enhanced by increased gel cross-linking. Based on this
difference, they identify circRNA through the northern blot
method. Recent studies also suggest that two-dimensional gel
electrophoresis and gel trap electrophoresis can confirm RNA
cyclization [1,11].

Third, debranching enzymes can distinguish between lariat
RNA and circRNA. Both are not sensitive to exonuclease [16],
move more slowly than linear RNA [12], and have a ring struc-

ture, but circRNA has a backsplice sequence and is not affected
by debranching enzymes, while lariat RNAs are.

Genomic method. Several major improvements have been
made in the strategy and algorithms of sequencing analysis:
(1) It is assumed that there are different forms of exon rear-
rangements among genes, so it is possible to build a sequence
with candidate boundary combinations which may form
circRNA, then compare the data with the sequencing [12].
(2) Researchers can match the sequencing data directly with
the genome sequence using different sequence alignment
algorithms [13]. (3) Researchers can infer the existence of
circRNA molecules directly from the cDNA by designing
multiple splice joint sequences [42]. Current algorithms ap-
plied in the study of circRNA molecules are MapSplice [43],
CircSeq [13], and segemehl [44]. Through these methods,
researchers have predicted more than 20,000 circRNA mol-
ecules, but their accuracy needs further validation [13]. The
current genome method has two approaches. One is to select
candidate junctions from existing transcript models , which
analyze the independent genetic map from paired-end reads
sequences at the other end of single cDNA fragments [2].
The other is to match with the reading frame of the genome
sequence to identify the joint [45]. In addition, Danan et al.
[12] and Jeck et al. [13] use RNase R to digest first, and then
analyze undigested RNA using high-throughput sequencing.
This technique is called CircleSeq and can detect circRNA
molecules; its drawbacks are that it requires a large quantity
of RNA and is extremely sensitive to endonuclease contami-
nation.

Others. Recently, researchers established a dedicated
database called “circBase;” which includes both published cir-
cRNA data and the newest circRNA sequencing data [46,47].
Arraystar has taken a lead in developing the first commercial
circRNA chips in the world, establishing an experimental
platform to study expression of circRNA under different
physiological and pathological conditions. Nevertheless, there
is still a need for improvement in circRNA research methods.

Perspective

ciRS-7’s involvement in midbrain growth and HCC has
been confirmed, but whether it plays a regulating role in
other cancers is still unknown. As a sponge of miR-7, ciRS-
7 down-regulates miR-7 expression by directly binding to
miR-7 and inhibiting its activity. miR-7 acts as an important
tumor suppressor that inhibits cancer progression at multiple
stages, inhibiting tumor formation and reversing metastasis.
So ciRS-7/miR-7 axis is postulated to regulate cancer growth
and metastasis and ciRS-7 is likely to become a clinical bio-
marker for cancer diagnosis and therapy. With the advances
in a new generation of high-throughput sequencing technolo-
gies and other improvements in biological methods, humans
have gained deeper understanding of circRNAs molecules
from a variety of sources. Of course, much remains to be
learned about circRNAs. Research on these and other types
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of RNA molecules will not only enrich our understanding of
eukaryotic transcriptomes and the complexity of non-coding
RNA, but also provide new ideas and methods for diagnosing
and treating cancer and other diseases. Modifying important
cancer-related circRNAs binding sites and developing drugs
targeting specific circRNAs could potentially change expres-
sion levels of downstream target genes and effectively treat
cancer.
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