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Abstract

circular RNA ciRS-7 (ciRS-7) is a type of endogenous circular RNA (circRNA) with a closed circular
structure. Since Hansen first demonstrated that ciRS-7 could serve as a microRNA sponge in 2013,
researchers have paid increased attention to this circRNA. ciRS-7 plays a crucial role in regulating RNA
transcription, downstream gene expression, and protein production. Moreover, ciRS-7 acts as an
oncogene and promotes tumor progression through competitively inhibiting miR-7 in various types of
cancers. ciRS-7 has been identified to be closely associated with breast cancer, nasopharyngeal
carcinoma, lung cancer, hepatocellular carcinoma, cervical cancer, osteosarcoma, melanoma, colorectal
cancer, esophageal squamous cell carcinoma, gastric cancer, pancreatic cancer, laryngeal squamous cell
carcinoma, and cholangiocarcinoma. In this review, we summarize the biological characteristics,
molecular mechanisms, and future challenges of ciRS-7 in multiple tumors.
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Introduction

Cancer represents a significant challenge for
humans and is the second leading cause of death in
the United States [1]. Cancer mortality has gradually
decreased since 1991 due to the substantial efforts that
have been made in the fight against cancer [1].
Although several diagnostic and therapeutic
achievements have been made to combat cancer, our
understanding of anti-tumor mechanisms remains
incomplete.

Circular RNAs (circRNAs) were identified in
both viruses and viroids in the late 1970s [2]. With the
development of high-throughput sequencing
technology, circRNAs were demonstrated to be stable
in several tissues and human fluids [3]. Over the past
few years, circRNAs have been found to play a vital
role in tumorigenesis and cancer progression [4, 5].
For example, circular RNA circZNF566 could promote
hepatocellular carcinoma cell migration, invasion, and
proliferation through sponging miR-4738-3p [4]. In
addition,  AR-circHIAT1/miR-195-5p/29a-3p/29c-
3p/CDC42 signaling could promote clear cell renal

cell carcinoma cell migration and invasion [5].
Therefore, the mechanism of circRNAs should be
summarized and further studied.

circRNA ciRS-7 (ciRS-7) was first identified by
Hansen in 2011, which was originated from cerebellar
degeneration-related protein 1 antisense transcript
(CDR1AS) [6]. He also verified that ciRS-7 was absent
with 3’ poly-A tail and 5 cap, which confirmed the
circular structure [6]. Therefore, ciRS-7 is also named
CDR1as or CDRINAT and functioned as a circRNA in
many human diseases. The host gene of ciRS-7 is
located on chromosome Xq27.1, which contains about
1500 nt lengths and more than 70 seed regions for
miRNAs, especially for miR-7 [7]. ciRS-7 is generated
through back splicing between flanking splice regions
and spliced into linear transcripts like other circRNAs
[8]. The biogenesis of ciRS-7 is promoted by short
interspersed nuclear elements, which lies in an
inverted orientation of the downstream and upstream
of ciRS-7 exon. With the development of study, we
find that ciRS-7 is considered to be a competing
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endogenous RNA (ceRNA) due to its intimate
relationship with miR-7 [7, 9]. In recent years, ciRS-7
was found to function as an oncogene and play a vital
role in various types of cancers, including lung cancer,
hepatocellular carcinoma (HCC), cervical cancer (CC),
osteosarcoma (OS), melanoma, colorectal cancer
(CRC), breast cancer (BC), esophageal squamous cell
carcinoma (ESCC), nasopharyngeal carcinoma (NPC),
gastric cancer (GC), pancreatic ductal adenocarci-
noma (PDAC), laryngeal squamous cell carcinoma
(LSCC), and cholangiocarcinoma [10-22]. In this
review, we will summarize the research status
regarding the mechanism and clinical significance of
ciRS-7 in the onset and progression of cancer.

Functions of circRNAs

Function as a biomarker

Increased evidence has shown that circRNAs
could be used as biomarkers for the diagnosis and
prognosis of several diseases [23, 24], particularly
tumors [25, 26]. A study by Jiang et al. [27] found that
hsa_circ_0004904 and hsa_circ_0001855 may represent
a promising prognostic biomarker of preeclampsia.
Moreover, Ouyang et al. [28] reported that the
upregulation of circRNA_002453 was associated with
the severity of lupus nephritis, which could represent
a potential diagnostic biomarker. In addition,
circRNA_0000285 may be a novel biomarker for NPC
[29] and hsa_circ_0003159 could potentially serve as a
diagnostic marker of GC [30]. Shao et al. [31] found
that hsa_circ_0000705 had a strong sensitivity and
specificity for GC. Moreover, recent studies have
shown that exosomal circular RNA could be used to
distinguish cancers from that of normal tissues.
exo-hsa_circRNA_0056616 was also found to serve as
a potential biomarker in lung adenocarcinoma with
lymph node metastasis [32]. Additionally, circ-PDESA
was reported to be associated with PDAC [33].

Function as a microRNA (miRNA) sponge

circRNAs have miRNA binding sites on their
sequences, which represent the basis of miRNA
sponges [7]. This property suggests that circRNAs can
inhibit the activity of mature miRNAs and increase
the level of endogenous targets and suppress miRNA
to regulate downstream gene expression [34]. There
are multiple circRNAs that can bind to miRNA and
have a different functional role in human diseases. For
instance, circMMP9 could sponge miR-124 to promote
glioblastoma multiforme cell proliferation, migration,
and invasion [35]. circWDR77 sponges miR-124 to
regulate vascular smooth muscle cell proliferation
and migration in the cardiovascular system [36]. One
circRNA is capable of targeting several miRNAs via
different binding sites and performing opposite

functions. For instance, circ-ITCH could promote the
migration, invasion, and growth of OS cells through
the miR-7/EGFR pathway [37]. Moreover, circ-ITCH
can also inhibit cellular prolifaration, migration,
invasion, and metastasis through sponging
miR-17/miR-224/p21/PTEN signaling in bladder
cancer [38].

Protein binding

In addition to miRNA binding, some circRNAs
have been found to bind to RNA binding proteins
(RBPs) through specific binding sites [39-43]. The
study by Dai et al. [39] found that the RBP
trinucleotide repeat-containing 6A could bind to the
flanked intron region of circ0006916 and regulate its
biogenesis. Chen et al. [40] revealed that circAGO2
could interact with the human antigen R protein
(HuR) to perform HuR-repressed AGO2-miRNA
complexes functions. It was later discovered that
circ-HuR could bind to CCHC-type zinc finger nucleic
acid binding protein to reduce HuR expression and
suppress tumor progression in GC [41]. In addition,
circRNAs can bind to proteins to form functional
complexes. For example, circFOXK2 could interact
with the Y Box binding protein 1 and heterogeneous
nuclear ribonucleoprotein K to form a complex, which
could enhance NUF2 and PDXK expression in PDAC
[42]. Another study showed that circSamd4 could
form a complex with PUR proteins to enhance
myogenesis through the suppression of myosin heavy
chain transcription [43].

Protein translation

circRNAs were formerly considered to be
incapable of protein translation. Recently, researchers
have revealed that some circRNAs with open reading
frames (ORFs) could be translated to produce proteins
[44]. The study by Abe et al. [45] reported that
circRNAs with an ORF were translated into proteins
in rabbit reticulocyte lysates. Pamudurti et al. [46]
showed that circRNAs could be translated to produce
proteins in flies. Moreover, Legnini et al. [47] reported
that circ-ZNF609 could produce proteins in a
splicing-dependent and cap-independent manner.
circ-AKT3 encoded a novel protein (AKT3-174aa),
which decreased the proliferation and radiation
resistance of glioblastoma cells [48]. Moreover,
hsa-circ-0000423 could encode a functional protein
(circPPP1R12A-73aa) to promote the proliferation,
migration, and invasion of colon cancer cells [49].
circENDC3B was found to encode a novel protein
(circFENDC3B-218aa) that could induce an inhibitory
effect on colon cancer cells [50].
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Pathogenic mechanism of ciRS-7 in
cancers

Maintaining proliferative signals

Cell proliferation is one of the most important
characteristics of cell life and the basis of biological
reproduction, maintaining the relative balance of the
number of individual cells and the normal functions
of the body. Cell proliferation can help wound
healing, tissue regeneration and pathological tissue
repair. The regulation of proliferation is rigorous,
entire monitoring, and involved in multiple layers.
The production and release of growth-promoting
factors during the whole cell division cycle should be
well controlled to insure tissue homeostasis. This
regulating control system is dysfunctional in cancer
cells.

ciRS-7 is identified to maintain cell proliferation
by several mechanisms in many kinds of cancers. A
knockdown of ciRS-7 can inhibit cell proliferation
through inducing G0/G1 arrest or increasing G1/S
transition in lung cancer [10], OS [13], and CRC [15].
In addition, ciRS-7 can also promote cell growth
through sponging multiple miRNAs (e.g., miR-1270
[51], miR-7 [17, 18, 21], miR-876-5p [52], miR-942 [42] )
in tumors.

Avoiding cellular death

Programmed cellular death is a kind of active
and orderly way of death, which is determined by
genes. Specifically, it refers to suicidal protective
measures initiated by gene regulation when cells are
stimulated by internal and external environmental
factors. In this way, humans remove non-essential
cells or cells that are about to undergo specialization,
including the induction of activation and genetic
programming by a number of molecular mechanisms.
When programmed cellular death occurred, apoptotic
cells dispersed in normal tissue cells without
inflammatory response or scar. The dead cellular
debris is quickly removed by macrophages or
neighboring cells without affecting the normal
functions of other cells. There are two types of genes
that control programmed cellular death. One type of
gene inhibits cellular death, and the other promotes or
initiates cellular death. These genes interact with each
other to control normal cellular death. Cancer cells
display increased tolerance to both genomic and
environmental stresses, leading to resistance to tumor
apoptosis.

The manipulation of ciRS-7 (upregulation or
downregulation) can influence the cell apoptosis
through EGFR or other signalings in lung cancer [10,
53, 54], OS [13], and CRC [55]. Additionally, ciRS-7 is
also reported to inhibit apoptosis and then decrease

the sensitivity of tumor cells to drug resistance in
multiple tumors [56-60].

Inducing invasion and metastasis

Tumor invasion and metastasis refer to the
process in which tumor cells depart from the primary
site and continue to grow in organs/tissues through
various routes of transport, forming tumors of the
same nature (metastatic tumors). The steps of tumor
invasion and metastasis include: 1. Tumor cells
degrade  basement membrane and invade
surrounding tissues; 2. Tumor cells invade blood or
lymphatic vessels; 3. Tumor cells adhere to the
vascular endothelium at the target site and grow to
form the metastatic tumors; 4. The metastatic tumors
invade to the surrounding area and spread
throughout the body. The characteristics of tumor
invasion and metastasis are heterogeneity, organ
specificity, and dormancy phenomenon.

Upregulation of ciRS-7 can promote tumor cells
invsion and metastasis in multiple cancers, including
lung cancer [53, 54], HCC [11], CC [9], CRC [15, 55],
BC [16], ESCC [17, 52, 61], PDAC [20], LSCC [21], and
cholangiocarcinoma [62].

ciRS-7 in various human cancers

Recently, several studies have revealed that
abnormal ciRS-7 expression is correlated with various
cancers, including lung cancer, HCC, CC, OS,
melanoma, CRC, BC, ESCC, NPC, GC, PDAC, LSCC,
and cholangiocarcinoma. The upregulation of ciRS-7
can serve as an oncogene to promote the progression
of various tumors, especially in lung cancer, HCC,
CRC, and ESCC. Furthermore, ciRS-7 overexpression
has been correlated with a large tumor volume,
advanced FIGO stage, deep infiltration, early
metastasis, and poor survival. The correlation
between clinicopathological parameters and ciRS-7
expression of different types of cancers are shown in
Table 1. The manipulation of ciRS-7 (upregulation or
downregulation) could influence the cell viability,
growth, invasion, migration, apoptosis, and
autophagy through miRNA-mRNA signaling in lung
cancer, HCC, CRC, BC, and ESCC. The specific
mechanisms and functional characterization of ciRS-7
in these cancers are presented in Table 2 and Table 3.

Lung cancer

Lung cancer is one of the most malignant tumors
in world, with the second highest incidence rate and
highest mortality rate in both males and females [1].
The therapeutic effect and five-year survival rates of
lung cancer are unsatisfactory, because most patients
are diagnosed at an advanced stage [63]. Therefore, it
is necessary to explore early diagnostic and
therapeutic strategies.
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Table 1. CIinicopathoIogicaI parameters of ciRS-7 in human Tumor types Clinicopathological features References
tumors. Colorectal tumor size, T stage, lymph node metastasis, poor [15]
cancer overall survival

Tumor types Clinicopathological features References Colorectal advanced tumor stage, tumor depth and metastasis, [55]
Lung cancer high TNM stage, more lymph nodes metastasis, [10] cancer poor patient survival, poor overall survival

shorted overall survival time Esophageal poor overall survival [17]
Lung cancer advanced histopathological grade, larger tumour [53] cancer

size, severer lymph node metastasis Esophageal high pathological grade, lymph node metastasis, [52]
Lung cancer tumor size, lymph node metastasis, tumor node [64] cancer distant metastasis or recurrence, poor prognosis

metastasis, shorter disease-free survival and overall Nasopharyngeal high clinical staging [18]

survival time cancer
Liver cancer younger age, serum AFP, hepatic microvascular [67] Gastric cancer  poor overall survival [75]

invasion Pancreatic venous invasion, lymph node metastasis [20]
Liver cancer tumor diameter, serum AFP, tumor satellite [51] cancer
Cervical cancer large tumor size, advanced FIGO stage, deep [12] Laryngeal high TNM stages, poorly differentiated tumours, [21]

invasion, metastatic lymph nodes, HPV infection cancer lymph node metastasis, poor prognosis
Osteosarcoma  high Enneking stage, tumor size, pulmonary [13]

metastasis
Table 2. Functional characterization of ciRS-7 in various tumours.
Tumor types Expression Role Function role miRNAs  Related genes References
Lung cancer upregulation oncogene  viability, growth, apoptosis miR-7 EGFR, CCNE1, PIK3CD [10]
Lung cancer upregulation  oncogene  proliferation, invasion, migration, apoptosis miR-7 RELA [53]
Lung cancer upregulation ~ oncogene  viability, migration, invasion, apoptosis miR-219a  SOX5 [54]
Lung cancer upregulation ~ / proliferation, apoptosis / / [64]
Liver cancer upregulation ~ oncogene proliferation, invasion miR-7 CCNE1/PIK3CD [11]
Liver cancer upregulation ~ oncogene  proliferation, migration miR-1270  AFP [51]
Cervical cancer upregulation  / proliferation, apoptosis, invasion, migration / / [12]
Osteosarcoma upregulation  oncogene  vitality, apoptosis, growth, migration miR-7 EGFR/CCNE1/PI3KCD/RAF1 [13]
Colorectal cancer upregulation ~ oncogene proliferation, invasion miR-7 EGFR/IGF-1R [15]
Colorectal cancer upregulation  oncogene  proliferation, migration, invasion, apoptosis miR-7 EGFR/RAF1 [55]
Breast cancer upregulation ~ oncogene  migration, invasion miR-1299  MMPs [16]
Breast cancer / / / miR-7 CCNE1 [57]
Breast cancer upregulation ~ oncogene / miR-7 REGy [58]
Esophageal cancer upregulation ~ oncogene  proliferation, migration, invasion, metastasis miR-7 HOXB13 [17]
Esophageal cancer upregulation ~ oncogene  migration, invasion miR-7 KLF4/NF-xB [61]
Esophageal cancer upregulation ~ oncogene  proliferation, migration, invasion miR-876 ~ MAGE-A family [52]
Esophageal cancer / / autophagy miR-1299  EGFR/AKT/mTOR [73]
Nasopharyngeal upregulation ~ oncogene  growth, glucose metabolism miR-7 E2F3 [18]
cancer
Gastric cancer upregulation  oncogene  growth, migration miR-7 PTEN/PI3K/AKT [75]
Pancreatic cancer upregulation ~ oncogene  proliferation, invasion miR-7 EGFR/STAT3 [20]
Laryngeal cancer upregulation ~ oncogene vitality, proliferation, migration, invasion miR-7 CCNE1/PIK3CD [21]
Gallbladder cancer upregulation  oncogene  proliferation, migration, invasion miR-641 AKT3/mTOR [62]
Table 3. Main characteristics of the studies included in this review.
Study Tumor types Sample size Detection P value TNM (p LNM (p DM (p OS (p DFS (p Follow-up References

(Normal : Method value) value) value) value) value) (months)
Tumor)
Zhang Lung cancer (60 : 60) qRT-PCR  p<0.05 p=0.004 p=0.021 / p=0.013 / / [10]
Su Lung cancer (128:128)  qRT-PCR  p<0.05 p=0.002 p=0.034 / p<0.05 / / [53]
Li Lung cancer (30:30) qRT-PCR  p<0.05 / / / / / / [54]
Yan  Lung cancer (132:132)  qRT-PCR  p<0.05 p=0.024 p=0.003 / p=0.001 p<0.001 / [64]
Yu Liver cancer (35:35) qRT-PCR  p<0.001 / / / / / / [11]
Xu Liver cancer (108 : 108) qRT-PCR  p=0.13 / / / / / / [67]
Su Liver cancer (42:42) qRT-PCR  p<0.001 / / / / / / [51]
Zhou Cervical cancer (352:352) qRT-PCR  p<0.05 p=0.029 p=0.005 / / / / [12]
Xu Osteosarcoma (18:38) qRT-PCR  p<0.001 / / / / / / [13]
Tang Colorectal cancer (40 : 40) qRT-PCR  p<0.001 / p=0.002 / p=0.034 / / [15]
Weng Colorectal cancer (40 : 40) qRT-PCR  p=0.0018  p=0.0002 p<0.0001 p=0.0162 p=0.0224 / 44 [55]
Yang Breast cancer (90 : 90) qRT-PCR  p<0.05 / / / / / / [58]
Li Esophageal cancer (123:123)  qRT-PCR  p<0.05 p=0.048 / / p<0.05 p<0.05 / [17]
Huang Esophageal cancer (29 :29) qRT-PCR  p<0.05 / / / / / / [61]
Sang  Esophageal cancer (86 : 86) qRT-PCR  p<0.01 / / / / / 12-60 [52]
Zhong Nasopharyngeal (20 : 44) qRT-PCR  p<0.01 / / / / / / [18]
Pan Gastric cancer (102 :102) qRT-PCR  p=0.0023 / p=0.0004 p=0.0205 p=0.0143 / / [75]
Liu Pancreatic cancer (41 : 41) qRT-PCR  p=0.002 / p=0.016 / / / / [20]
Zhang Laryngeal cancer (30 : 30) qRT-PCR  p<0.001 p<0.05 p<0.001 / p=0.02 / / [21]
Jiang  Gallbladder (54 :54) qRT-PCR  p<0.0005 p=0.044 p=0.006 / p<0.0005 / / [22]
cancer
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Figure 1. Up-regulation of ciRS-7 mediates mechanisms involved in tumor progression. (A-C). ciRS-7 could promote the expression of EGFR/CCNEI/PIK3CD (A),
RELA (B), and p70S6K (C) by sponging miR-7. (D). ciRS-7 could upregulate AFP expression by sponging miR-1270. (E). ciRS-7 could function as a ceRNA of miR-1299 to enhance
MMPs expression. (F, G). ciRS-7 could reactivate HOXB13 (F), and KLF4/NF-kB (G) signals by acting as a miR-7 sponge. (H). ciRS-7 increase MAGE-A family expression by
functioning as a sponge of miR-876-5. (l). ciRS-7 targets EGFR-AKT-mTOR pathway by sponging miR-1299. (J-L), ciRS-7 upregulate E2F3 (J), PTEN/PI3K/AKT (K), and

CCNEI/PIK3CD (L) expression through sponging miR-7.

The study by Zhang et al. [10] indicated that
ciRS-7 overexpression could promote non-small cell
lung cancer (NSCLC) cell growth by sponging miR-7
to upregulate target genes, including EGFR, CCNEI1,
and PIK3CD (Figure 1A). Su et al. [53] reported that
ciRS-7 increased NSCLC cell proliferation, invasion,
migration, and apoptosis through the miR-7/RELA
axis (Figure 1B). In addition, Li et al. [54] showed that
a knockdown of ciRS-7 could inhibit NSCLC cell
viability, migration, and invasion to inhibit SOX5
expression (Figure 2A). Moreover, Mao et al. [56]
revealed that ciRS-7 contributed to PTX and CDDP
chemoresistance through the EGFR/PI3K signaling
pathway in lung adenocarcinoma. Yan et al. [64]
found that a knockdown of ciRS-7 inhibited cellular
proliferation and induced cell apoptosis in NSCLC.
These findings show that ciRS-7 could serve as an
oncogene to promote the progression of lung cancer.

Hepatocellular carcinoma

HCC is another of the most common malignant
tumors in the world [65]. Due to the tendency for

metastasis, the five-year survival rate of patients with
HCC remains extremely low [66]. Therefore, it is
important to determine the biological mechanism of
HCC and identify novel prognostic biomarkers and
effective treatments to improve its prognosis.

The study by Yu et al. [11] reported ciRS-7
overexpression in HCC tissues compared with the
adjacent non-tumor tissues. A knockdown of ciRS-7
inhibited the proliferation and invasion of HCC cells
by targeting miR-7 to suppress CCNE1 and PIK3CD
expression (Figure 2B). Xu et al. [67] showed that high
ciRS-7 expression was correlated with microvascular
invasion (MVI), younger age, and AFP level in HCC.
ciRS-7 was also found to be an independent risk factor
of MVI and to have a negative relationship with
miR-7. The downregulation of miR-7 could increase
the level of p70S6K mRNA and protein expression
(Figure 1C). ciRS-7 may represent an HCC biomarker
and novel therapeutic target for inhibiting hepatic
MVIL ciRS-7 also promoted the proliferation and
migration of HCC cells by sponging miR-1270 to
upregulate AFP expression (Figure 1D) [51].
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Together, these studies support the conclusion that
ciRS-7 could function as an oncogene to promote HCC
progression.

Cervical cancer

CC is a major cancer that threatens women's
health. Despite the significant progress that has been
made over the past few decades, the pathogenesis of
CC remains poorly understood. Therefore, a sufficient
understanding of CC tumorogenesis and progression
may help us fight against it.

Zhou et al. [12] demonstrated that CC patients
with high ciRS-7 expression had a large tumor
volume, deep infiltration, advanced FIGO stage, early
lymph node metastasis, and high incidence of HPV
infection. The overexpression of ciRS-7 promoted the
epithelial-mesenchymal transition (EMT) and growth
of CC cells. Therefore, targeting ciRS-7 may represent
a novel method of inhibiting CC progression.
However, the underlying mechanism of ciRS-7 in CC
remains unknown.
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EGFRISTAT3 JJ(H)

v miR-74 ~
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Osteosarcoma

OS is a common primary malignant bone tumor,
which is the leading cause of cancer-related death in
both children and adolescents. Some patients
obtained a poor prognosis or even developed other
secondary malignant neoplasms [68]. Thus, it is
necessary to identify effective diagnostic markers and
molecular mechanisms.

Researchers have shown that ciRS-7 was
increased in OS cells and was negatively correlated
with miR-7. Patients with high ciRS-7 expression had
high Enneking stage, tumor size, and distant
metastasis. The inhibition of ciRS-7 could lead to
derepress levels of miR-7 and decrease OS cell
migration. ciRS-7 could also promote EMT through
the upregulation of N-cadherin and inhibition of
E-cadherin. Xu et al. [13] demonstrated that
ciRS-7/miR-7/EGFR/CCNE1/PI3KCD/RAF1
signaling could be used for the treatment of OS,
functioning as a molecular target (Figure 2C).
Together, these data demonstrate that ciRS-7 can
function as an oncogene in OS progression.

soxs JJ(A)

T~

{} Down-regulation

Figure 2. Down-regulation of ciRS-7 mediates mechanisms involved in tumor progression. (A). Knockdown of ciRS-7 could inhibit SOX5 expression by
upregulating miR-219a-5p. (B-H). Knockdown of ciRS-7 suppress the expression of CCNEI/PIK3CD (B), EGFR/CCNE1/PI3KCD/RAFI (C), EGFR/IGF-1R (D), EGFR/RAFI1 (E),

CCNEI (F), REGY (G), and EGFR/STAT3 (H) through targeting miR-7.
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Melanoma

The estimated incidence of melanoma ranks fifth
and sixth among males and females, respectively, in
2020 [1]. Metastatic melanoma has increased over the
past few years, leading to an increased mortality rate
[69]. Therefore, there is an urgent need to identify
effective diagnostic biomarkers and treatment for
melanoma patients.

Zhang et al. [14] revealed the relationship
between miRNA, proteins, and ciRS-7. Bioinformatics
software was used to detect the correlation between
ciRS-7 and miRNAs, and identified 15 candidates,
including miR-7. They also predicted that 60 proteins
could interact with ciRS-7, most of which participate
in cancer-related biological processes. The
bioinformatics software revealed that ciRS-7 could
function as a ceRNA for the migration and invasion of
melanoma. These findings suggest that ciRS-7
participates in melanoma progression and functions
as a therapeutic target and prognostic biomarker.

Colorectal cancer

The estimated incidence and mortality of CRC
makes it the third leading cause of cancer-related
death in both males and females [1]. Although several
studies have shown that some targets are associated
with CRC, only a small number of targets are
available for clinical treatment. Therefore, CRC
pathogenesis is extremely important to explore
therapeutic targets.

Both the studies by Tang et al. [15] and Weng et
al. [55] reported high ciRS-7 expression in CRC tissues
compared with the adjacent tissues and was
significantly positively correlated with poor overall
survival. The downregulation of ciRS-7 could inhibit
cellular growth and invasion through the
upregulation of miR-7 to inhibit EGFR/IGF-IR or
EGFR/RAF1 expression in CRC cells, respectively
(Figure 2D and E). Silencing ciRS-7 could suppress
EGFR expression, which could be partially rescued
with an miR-7 inhibitor. Moreover, ciRS-7 may play
an important role in CRC progression. Tanaka et al.
[70] showed that ciRS-7 overexpression could increase
the level of PD-1 protein expression on the surface of
CRC cells. ciRS-7 could result in a poor prognosis in
an miR-7-independent manner in CRC. These results
indicate that ciRS-7 can be used as a biomarker to
diagnose CRC, and provide a novel method of CRC
treatment.

Breast cancer

BC is one of the most common cancers in females
and represents a major threat to public health. One
study showed that 30% of women are diagnosed with

early-stage BC, which subsequently develops into
metastatic BC due to limited treatment options [71].
Therefore, molecular mechanisms are critical to
improve the treatment of BC patients.

Sang et al. [16] revealed high ciRS-7 expression
in triple negative breast cancer (TNBC) and the
downregulation of ciRS-7 suppressed the invasion
and migration of TNBC cells. ciRS-7 could function as
a ceRNA of miR-1299 to increase cellular invasion and
migration by enhancing MMP expression in TNBC
cells (Figure 1E). The study by Yang et al. [57]
demonstrated that ciRS-7 was increased while miR-7
was decreased in 5-FU-resistant BC cells. The
inhibition of ciRS-7 increased the chemosensitivity of
BC cells through upregulating miR-7 to suppress
CCNEL1 expression (Figure 2F). After a few months, it
was found that ciRS-7 silencing decreased REGy
expression through relieving the competitive
inhibition of miR-7 and strengthening the sensitivity
of BC cells (Figure 2G) [58]. Together, these studies
imply that ciRS-7 inhibition plays an important role in
increasing the sensitivity of chemotherapeutic drugs.

Esophageal squamous cell carcinoma

Esophageal cancer is a common tumor of the
gastrointestinal tract, which causes the death of
patients annually throughout the world [72].
However, the rate of early detection in patients is very
low due to atypical clinical symptoms. There is an
urgent need to clarify the progress of ESCC cells,
which will help improve the diagnosis and treatment
of this disease.

Li et al. [17] found that ciRS-7 expression was
increased in ESCC and related to poor survival. In
addition, ciRS-7 overexpression could induce the
malignant development of ESCC, acting as an miR-7
sponge to reactivate HOXB13-NF-xB/p56 signaling
(Figure 1F). Therefore, ciRS-7 may be a prognostic
marker for ESCC. The study by Huang et al. [61]
revealed similar results, showing that ciRS-7 could
accelerate the invasion and migration of cells through
miR-7-KLF4-NF-xB pathways in ESCC (Figure 1G).
The inhibition of ciRS-7 might be a potential
therapeutic target of ESCC treatment. Sang et al. [52]
further reported that ciRS-7 could promote the
progression of ESCC by functioning as a sponge of
miR-876-5p to increase MAGE-A family expression
(Figure 1H). Subsequently, the research team found
that ciRS-7 sponged miR-1299 to inhibit ESCC cell
autophagy by targeting the EGFR-AKT-mTOR
pathway (Figure 1I) [73]. Overall, these results
demonstrate that ciRS-7 has oncogenic effects in ESCC
and may represent a promising therapeutic target.
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Nasopharyngeal carcinoma

NPC is a malignant tumor of the head and neck.
Although the incidence of NPC is not as high as that
of other tumors, it deteriorates rapidly and is
associated with a poor prognosis. Therefore, it is
imperative to explore the pathogenesis and identify
novel therapeutic targets of NPC.

Zhong et al. [18] demonstrated that ciRS-7
expression was increased in NPC and correlated with
poor clinicopathological parameters. ciRS-7 accelera-
ted the progression of NPC cells through sponging
miR-7-5p to upregulate E2F3 expression both in vitro
and in vivo (Figure 1J). Thus, ciRS-7 may be a potential
target for the treatment of NPC patients. However,
the potential mechanism of ciRS-7 in NPC remains to
be explored.

Gastric cancer

GC is a gastrointestinal malignant tumor and a
main cause of cancer-associated death worldwide.
Although GC can be cured by surgery in the early
stages, many patients lose the opportunity for surgery
at the time of the diagnosis [74]. Therefore, the
exploration of novel diagnostic biomarkers and
treatment strategies will be of great help to us.

Li et al. [19] discovered that the downregulation
of ciRS-7 decreased REGy expression through
sponging miR-7 to promote cellular apoptosis in GC.
The study by Pan et al. [75] revealed that ciRS-7 was
upregulated in GC and associated with poor survival.
The overexpression of ciRS-7 promoted an aggressive
behavior of GC cells by suppressing miR-7-involved
PTEN/PI3K/AKT signaling (Figure 1K). In
summary, ciRS-7 plays an important role in GC
prognosis and may be used for the treatment of GC.

Pancreatic adenocarcinoma

Pancreatic adenocarcinoma is one of the few
malignant tumors with low morbidity but high
mortality [1]. Despite the great efforts made in the
progress of PDAC, the five-year survival rate remains
less than 5% [76]. Therefore, it is necessary to explore
novel diagnostic biomarkers and targeted therapies.

Liu et al. [20] found that the level of ciRS-7
expression was higher in PDAC tissues than in
paracancer tissues. The expression of ciRS-7 was
negatively correlated with miR-7. The authors found
that silencing ciRS-7 inhibited cellular growth and
invasion by upregulating miR-7 to suppress EGFR
and STAT3 expression (Figure 2H). This data shows
that ciRS-7 functions as a therapeutic target for PDAC.

Laryngeal squamous cell carcinoma

Laryngeal carcinoma is the second most
common malignant tumors of the respiratory system.

Despite advances in treatment over the past decade,
the clinical outcomes of patients with advanced LSCC
have not obviously improved. Therefore, exploring
physiological mechanisms and identifying new
therapeutic targets represent the key breakthrough
factors for LSCC treatment.

The study by Zhang et al. [21] discovered that
high ciRS-7 expression was associated with poorly
differentiated tumors, high tumor stage, poor
prognosis, and lymph node metastases in LSCC. The
overexpression of ciRS-7 increased the level of cellular
migration, invasion, and growth in LSCC. ciRS-7
promoted LSCC progression through sponging miR-7
to upregulate CCNE1 and PIK3CD expression (Figure
1L). These findings suggest that ciRS-7 might offer a
therapeutic option for inhibiting LSCC progression.

Cholangiocarcinoma

CCC represents one of the most frequent
malignant tumors of the liver after hepatocellular
carcinoma, accounting for approximately 3% of
gastrointestinal tumors [77]. CCC is difficult to
diagnose in its early stages, and surgical excision is
the only possible treatment. Therefore, it is necessary
to explore the molecular mechanism of CCC
tumorigenesis and identify potential therapeutic
methods.

Jiang et al. [22] revealed that ciRS-7 expression
was higher in CCC tissues compared with that in
normal tissues. The overexpression of ciRS-7 was
found to be related to lymph node infiltration,
advanced clinical stage, and neoplasm recurrence.
Thus, ciRS-7 could potentially be used as an
independent predictive factor for CCC. Moreover, Li
et al. [62] found that ciRS-7 promoted the oncogenic
behavior of CCC cells. ciRS-7 activated the
AKT3/mTOR signaling pathway by combining with
miR-641 in CCC cells (Figure 1M). In summary, the
above data demonstrate that ciRS-7 plays a vital role
in CCC development and functions as a potential
therapeutic target for CCC.

Conclusion and future perspectives

circRNAs have gained increased attention over
the past decade. With the rapid progress of high
throughput  sequencing and  bioinformatics
technology, multiple circRNAs have recently been
discovered. Although the function and modulation of
most circRNAs remains unclear, studies have started
to excavate the clinical significance and effect of
various circRNAs. Recently, evidence supports the
view that circRNA expression is related to tumor
initiation, growth, and metastasis. In addition,
circRNAs may play a vital role as a therapeutic target
and prognostic factor for many human tumors [78].
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Although progress has been made regarding the
role of circRNAs, there are some questions that
deserve attention. Firstly, although most circRNAs are
expressed at relatively low levels in human tumors,
more sensitive and precise techniques and equipment
are required to investigate the function of circRNAs.
Secondly, most of the current studies on circRNAs
rely on the results of RNA-sequencing data.
Therefore, these findings may introduce bias in
clustering circRNAs for an authentic and predictive
analysis. Thirdly, most circRNA sequences are similar
to the mRNA produced by host genes. Hence, the
verification of «circRNAs, as well as the
downregulation and overexpression, require careful
design and detection. Finally, due to the extensive
presence of circRNAs in living organisms, the current
detection techniques may ignore circRNA subtypes or
circRNAs with a low abundance which may have
biological significance.

ciRS-7 plays a vital role in the onset and
progression of various tumors, functioning as an
oncogenic circRNA, which is upregulated in many
human cancers (e.g.,, NSCLC, HCC, CC, OS,
melanoma, CRC, BC, ESCC, NPC, GC, PDAC, LSCC,
and CCC). Abnormal ciRS-7 expression in tumors is
closely related to various clinicopathological
characteristics (e.g., age, blood serum markers, tumor
size, vascular invasion, TNM stage, lymph node
metastasis, distant metastasis, overall survival,
disease-free survival, and tumor recurrence).
Extensive studies indicate that ciRS-7 expression is
upregulated and can promote cell viability, growth,
invasion, and migration, as well as inhibit apoptosis.
Multiple mechanistic studies have demonstrated that
ciRS-7 can function as a ceRNA of multiple miRNAs
(miR-7, miR-219-5p, miR-1270, miR-1299, miR-876-5p,
and miR-641) to inhibit the expression of downstream
genes (e.g., Ki-67, EGFR, CCNE1, PIK3CD, NF-xB,
SOX5, p70S6K, AFP, RAF1, IGF-1R, MAPK, MMPs,
REGy, HOXB13, p56, KLF4, MAGE-A family, AKT,
mTOR, E2F3, PTEN, PI3K, AKT3, and STATS3).
Although various biological processes have been
identified, the involvement of ciRS-7 in tumor
progression requires further exploration.

Importantly, recent studies indicate that ciRS-7
could be applied as a potential therapeutic target and
a predictive factor in a wide range of tumors. At
present, there are no preclinical trials that validate the
use of ciRS-7 in tumor management. However, this
may be a promising direction for further
investigation. Although ciRS-7 has been verified to be
up-regulated in a substantial number of human
tumors, it is downregulated in some tumors,
including both ovarian cancer [59, 79] and bladder
cancer [80]. Thus, the underlying mechanism remains

unclear and requires further study.

Collectively, the recent studies of ciRS-7 in
human tumors provide the groundwork for future
therapeutic strategies. ciRS-7 has been identified to
play a vital role as an oncogene and shows its function
through ceRNA mechanisms. ciRS-7 is bound to make
a huge contribution in fighting cancer.

Acknowledgements

This work was supported by National Natural
Science Foundation of China (Grant No. 82072835) to
K Wang, Key Research and Development Joint
Program of Liaoning Province (Grant No. 2020JH
2/10300139) to K Wang, Natural Science Foundation
of Liaoning Province (Grant No. 2019-MS-360) to K
Wang, Shenyang Science and Technology Bureau
Plan Projects (Grant No. 20-205-4-076) to K Wang, 345
Talent Project of Shengjing Hospital of China Medical
University to K Wang and Natural Scientific Grant
funded by Liaoning Province (Grant No.20170541054)
to X Fei.

Author Contributions

KW JY and JC conceived the review; KW, XF
and XW wrote the manuscript. All authors read and
approved the final manuscript.

Competing Interests

The authors have declared that no competing
interest exists.

References
1.  Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. CA Cancer J Clin. 2020;
70: 7-30.

2. Sanger HL, Klotz G, Riesner D, et al. Viroids are single-stranded covalently
closed circular RNA molecules existing as highly base-paired rod-like
structures. Proc Natl Acad Sci USA. 1976; 73: 3852-3856.

3. QuSB, Yang XS, Li XL, et al. Circular RNA: A new star of noncoding RNAs.
Cancer Letters. 2015; 365: 141-148.

4. Li SB, Weng JY, Song FB, et al. Circular RNA circZNF566 promotes
hepatocellular carcinoma progression by sponging miR-4738-3p and
regulating TDO2 expression. Cell Death Disease. 2020; 11: 452.

5. Wang KF, Sun Y, Tao W, et al. Androgen receptor (AR) promotes clear cell
renal cell carcinoma (ccRCC) migration and invasion via altering the
circHIAT1/miR-195-5p/29a-3p/29¢-3p/ CDC42 signals. Cancer Letters. 2017;
394:1-12.

6. Hansen TB, Wiklund ED, Bramsen JB, et al. miRNA-dependent gene silencing
involving Ago2-mediated cleavage of a circular antisense RNA. EMBO J. 2011;
30: 4414-4422.

7.  Hansen TB, Jensen TI, Clausen BH, et al. Natural RNA circles function as
efficient microRNA sponges. Nature. 2013; 495: 384-388.

8.  Barrett SP, Parker KR, Horn C, et al. ciRS-7 exonic sequence is embedded in a
long non-coding RNA locus. PLoS Genet. 2017; 13: €1007114.

9. Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs are a large class of
animal RNAs with regulatory potency. Nature. 2013; 495: 333-338.

10. Zhang XF, Yang DF, Wei YQ. Overexpressed CDR1 as functions as an
oncogene to promote the tumor progression via miR-7 in non-small-cell lung
cancer. Oncotargets and Therapy. 2018; 11: 3979-3987.

11. YulL, Gong XJ, Sun L, et al. The Circular RNA Cdrlas Act as an Oncogene in
Hepatocellular Carcinoma through Targeting miR-7 Expression. Plos One.
2016; 11: e0158347.

12. Zhou Y, Shen L, Wang YZ, et al. The potential of ciRS-7 for predicting onset
and prognosis of cervical cancer. Neoplasma. 2020; 67: 312-322.

13. Xu B, Yang TY, Wang Z, et al. CircRNA CDRlas/miR-7 signals promote
tumor growth of osteosarcoma with a potential therapeutic and diagnostic
value. Cancer Manag Res. 2018; 10: 4871-4880.

http://www.ijbs.com



Int. J. Biol. Sci. 2021, Vol. 17

388

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Zhang LH, Li Y, Liu WY, et al. Analysis of the complex interaction of
CDR1as-miRNA-protein and detection of its novel role in melanoma. Oncol
Lett. 2018; 16: 1219-1225.

Tang WT, Ji ML, He GD, et al. Silencing CDR1as inhibits colorectal cancer
progression through regulating microRNA-7. Onco Targets Ther. 2017; 10:
2045-2056.

Sang MX, Meng L], Liu SH, et al. Circular RNA ciRS-7 Maintains Metastatic
Phenotypes as a ceRNA of miR-1299 to Target MMPs. Mol Cancer Res. 2018;
16: 1665-1675.

Li RC, Ke S, Meng FK, et al. CiRS-7 promotes growth and metastasis of
esophageal squamous cell carcinoma via regulation of miR-7/HOXB13. Cell
Death Dis. 2018; 9: 838.

Zhong Q, Huang JC, Wei JW, et al. Circular RNA CDR1as sponges miR-7-5p to
enhance E2F3 stability and promote the growth of nasopharyngeal carcinoma.
Cancer Cell Int. 2019; 19: 252.

Li CF, Li M, Xue YW. Downregulation of CircRNA CDRlas specifically
triggered low-dose Diosbulbin-B induced gastric cancer cell death by
regulating miR-7-5p/REGy axis. Biomed Pharmacother. 2019; 120: 109462.

Liu L, Liu FB, Huang M, et al. Circular RNA ciRS-7 promotes the proliferation
and metastasis of pancreatic cancer by regulating miR-7-mediated
EGFR/STATS3 signaling pathway. Hepatobiliary Pancreat Dis Int. 2019; 18:
580-586.

Zhang JZ, Hu HY, Zhao YX, et al. CDR1las is overexpressed in laryngeal
squamous cell carcinoma to promote the tumour's progression via miR-7
signals. Cell Prolif. 2018; 51: €12521.

Jiang XM, Li ZL, Li JL, et al. A novel prognostic biomarker for
cholangiocarcinoma: circRNA Cdrlas. Eur Rev Med Pharmacol Sci. 2018; 22:
365-371.

Liang B, Li ML, Deng QY, et al. CircRNA ZNF609 in peripheral blood
leukocytes acts as a protective factor and a potential biomarker for coronary
artery disease. Ann Transl Med. 2020; 8: 741.

Cui XL, Niu W, Kong LM, et al. hsa_circRNA_103636: potential novel
diagnostic and therapeutic biomarker in Major depressive disorder. Biomark
Med. 2016; 10: 943-952.

Tang WW, Fu K, Sun HD, et al. CircRNA microarray profiling identifies a
novel circulating biomarker for detection of gastric cancer. Mol Cancer. 2018;
17:137.

Liu X, Tang H, Liu J, et al. hsa_circRNA_101237: A Novel Diagnostic and
Prognostic Biomarker and Potential Therapeutic Target for Multiple Myeloma.
Cancer Manag Res. 2020; 12: 2109-2118.

Jiang M, Lash GE, Zhao XQ, et al. CircRNA-0004904, CircRNA-0001855, and
PAPP-A: Potential Novel Biomarkers for the Prediction of Preeclampsia. Cell
Physiol Biochem. 2018; 46: 2576-2586.

Ouyang QQ, Huang Q, Jiang ZL, et al. Using plasma circRNA_002453 as a
novel biomarker in the diagnosis of lupus nephritis. Mol Immunol. 2018; 101:
531-538.

Shuai MX, Hong JW, Huang DH, et al. Upregulation of circRNA_0000285
serves as a prognostic biomarker for nasopharyngeal carcinoma and is
involved in radiosensitivity. Oncol Lett. 2018; 16: 6495-6501.

Tian MQ, Chen RY, Li TW, et al. Reduced expression of circRNA
hsa_circ_0003159 in gastric cancer and its clinical significance. J Clin Lab Anal.
2018; 32: €22281.

Shao YF, Yang YB, Lu RD, et al. Identification of tissue-specific circRNA
hsa_circ_0000705 as an indicator for human gastric cancer. Int J Clin Exp
Pathol. 2017; 10: 3151-3156.

He F, Zhong X], Lin Z, et al. Plasma exo-hsa_circRNA_0056616: A potential
biomarker for lymph node metastasis in lung adenocarcinoma. ] Cancer. 2020;
11: 4037-4046.

Li ZH, Wu YF, Li ], et al. Tumor-released exosomal circular RNA PDESA
promotes invasive growth via the miR-338/MACC1/MET pathway in
pancreatic cancer. Cancer Lett. 2018; 432: 237-250.

Ebert MS, Neilson JR, Sharp PA. MicroRNA sponges: competitive inhibitors of
small RNAs in mammalian cells. Nat Methods. 2007; 4: 721-726.

Wang RJ, Zhang S, Chen XY, et al. EIF4A3-induced circular RNA MMP9
(circMMP9) acts as a sponge of miR-124 and promotes glioblastoma
multiforme cell tumorigenesis. Mol Cancer. 2018; 17: 166.

ChenJJ, Cui LQ, Yuan JL, et al. Circular RNA WDR77 target FGF-2 to regulate
vascular smooth muscle cells proliferation and migration by sponging
miR-124. Biochem Biophys Res Commun. 2017; 494: 126-132.

Li HB, Lan M, Liao XG, et al. Circular RNA cir-ITCH Promotes Osteosarcoma
Migration and Invasion through cir-ITCH/miR-7/EGFR Pathway. Technol
Cancer Res Treat. 2020; 19:1533033819898728.

Yang CD, Yuan WB, Yang X, et al. Circular RNA circ-ITCH inhibits bladder
cancer progression by sponging miR-17/miR-224 and regulating p21, PTEN
expression. Mol Cancer. 2018; 17: 19.

Dai X, Zhang N, Cheng Y, et al. RNA-binding protein trinucleotide
repeat-containing 6A regulates the formation of circular RNA circ0006916,
with important functions in lung cancer cells. Carcinogenesis. 2018; 39:
981-992.

Chen Y], Yang F, Fang E, et al. Circular RNA circAGO2 drives cancer
progression through facilitating HuR-repressed functions of AGO2-miRNA
complexes. Cell Death Differ. 2019; 26: 1346-1364.

Yang F, Hu AP, Li D, et al. Circ-HuR suppresses HuR expression and gastric
cancer progression by inhibiting CNBP transactivation. Mol Cancer. 2019; 18:
158.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Wong CH, Lou UK, Li Y], et al. CircFOXK2 Promotes Growth and Metastasis
of Pancreatic Ductal Adenocarcinoma by Complexing with RNA Binding
Proteins and Sponging MiR-942. Cancer Res. 2020; 80: 2138-2149.

Pandey PR, Yang JH, Tsitsipatis D, et al. circSamd4 represses myogenic
transcriptional activity of PUR proteins. Nucleic Acids Res. 2020; 48:
3789-3805.

Patop IL, Wust S, Kadener S, et al. Past, present, and future of circRNAs.
EMBO J. 2019; 38: €100836.

Abe N, Matsumoto K, Nishihara M, et al. Rolling Circle Translation of Circular
RNA in Living Human Cells. Sci Rep. 2015; 5: 16435.

Pamudurti NR, Bartok O, Jens M, et al. Translation of CircRNAs. Mol Cell.
2017; 66: 9-21.

Legnini I, Timoteo G, Rossi F, et al. Circ-ZNF609 Is a Circular RNA that Can Be
Translated and Functions in Myogenesis. Mol Cell. 2017; 66: 22-37.

Xia X, Li XX, Li FY, et al. A novel tumor suppressor protein encoded by
circular AKT3 RNA inhibits glioblastoma tumorigenicity by competing with
active phosphoinositide-dependent Kinase-1. Mol Cancer. 2019; 18: 131.
Zheng X, Chen L], Zhou Y, et al. A novel protein encoded by a circular RNA
circPPP1R12A promotes tumor pathogenesis and metastasis of colon cancer
via Hippo-YAP signaling. Mol Cancer. 2019; 18: 47.

Pan ZH, Cai JY, Lin JT, et al. A novel protein encoded by circFNDC3B inhibits
tumor progression and EMT through regulating Snail in colon cancer. Mol
Cancer. 2020; 19: 71.

Su Y, Lv XR, Yin W, et al. CircRNA Cdrlas functions as a competitive
endogenous RNA to promote hepatocellular carcinoma progression. Aging
(Albany NY). 2019; 11: 8182-8203.

Sang MX, Meng L], Sang Y, et al. Circular RNA ciRS-7 accelerates ESCC
progression through acting as a miR-876-5p sponge to enhance tumor antigen
MAGE-A family expression. Cancer Lett. 2018; 426: 37-46.

Su CY, Han Y, Zhang HT, et al. CiRS-7 targeting miR-7 modulates the
progression of non-small cell lung cancer in a manner dependent on NF-kappa
B signalling. ] Cell Mol Med. 2018; 22: 3097-3107.

Li YM, Zhang JZ, Pan S, et al. CircRNA CDRlas knockdown inhibits
progression of non-small-cell lung cancer by regulating miR-219a-5p/SOX5
axis. Thorac Cancer. 2020; 11: 537-548.

Weng WH, Wei Q, Toden S, et al. Circular RNA ciRS-7-A Promising
Prognostic Biomarker and a Potential Therapeutic Target in Colorectal Cancer.
Clin Cancer Res. 2017; 23: 3918-3928.

Mao YQ, Xu R. Circular RNA CDRI1-AS contributes to pemetrexed and
cisplatin chemoresistance through EGFR/PI3K signaling pathway in lung
adenocarcinoma. Biomed Pharmacother. 2020; 123: 109771.

Yang W, Gu J, Wang XD, et al. Inhibition of circular RNA CDR1las increases
chemosensitivity of 5-FU-resistant BC cells through up-regulating miR-7. J
Cell Mol Med. 2019; 23: 3166-3177.

Yang W, Yang X], Wang XD, et al. Silencing CDR1as enhances the sensitivity
of breast cancer cells to drug resistance by acting as a miR-7 sponge to
down-regulate REGy. J Cell Mol Med. 2019; 23: 4921-4932.

Zhao Z, Ji M, Wang QQ, et al. Circular RNA Cdrlas Upregulates SCAI to
Suppress Cisplatin Resistance in Ovarian Cancer via miR-1270 Suppression.
Mol Ther Nucleic Acids. 2019; 18: 24-33.

Zhao YS, Zheng RY, Chen J, et al. RNA CDR1as/miR-641/HOXA9 pathway
regulated stemness contributes to cisplatin resistance in non-small cell lung
cancer (NSCLC). Cancer Cell Int. 2020; 20: 289.

Huang HR, Wei L, Qin T, et al. Circular RNA ciRS-7 triggers the migration and
invasion of esophageal squamous cell carcinoma via miR-7/KLF4 and
NF-kappa B signals. Cancer Biol Ther. 2019; 20: 73-80.

Li DY, Tang Z, Gao ZQ, et al. Circular RNA CDRlas Exerts Oncogenic
Properties  Partially ~ through  Regulating ~ MicroRNA 641  in
Cholangiocarcinoma. Mol Cell Biol. 2020; 40: e00042-20.

Sekine I, Yamamoto N, Nishio K, et al. Emerging ethnic differences in lung
cancer therapy. Br ] Cancer. 2008; 99: 1757-1762.

Yan B, Zhang W, Mao XW, et al. Circular RNA ciRS-7 correlates with advance
disease and poor prognosis, and its down-regulation inhibits cells
proliferation while induces cells apoptosis in non-small cell lung cancer. Eur
Rev Med Pharmacol Sci. 2018; 22: 8712-8721.

Kulik L, Serag HB. Epidemiology and Management of Hepatocellular
Carcinoma. Gastroenterology. 2019; 156: 477-491.

Forner A, Llovet JM, Bruix ]. Hepatocellular carcinoma. Lancet. 2012; 379:
1245-1255.

Xu LL, Zhang M, Zheng XB, et al. The circular RNA ciRS-7 (Cdrlas) acts as a
risk factor of hepatic microvascular invasion in hepatocellular carcinoma. J
Cancer Res Clin Oncol. 2017; 143: 17-27.

Bagcchi S. Osteosarcoma survivors' risk of second cancer. Lancet Oncol. 2014;
15: e425.

Schopfer VG, Wellbrock C, Marais R. Melanoma biology and new targeted
therapy. Nature. 2007; 445: 851-857.

Tanaka E, Miyakawa Y, Kishikawa T, et al. Expression of circular RNA
CDRI1-AS in colon cancer cells increases cell surface PD-L1 protein levels.
Oncol Rep. 2019; 42: 1459-1466.

Gerber B, Minckwitz G, Stehle H, et al. Effect of Luteinizing
Hormone-Releasing Hormone Agonist on Ovarian Function After Modern
Adjuvant Breast Cancer Chemotherapy: The GBG 37 ZORO Study. J Clin
Oncol. 2011; 29: 2334-2341.

http://www.ijbs.com



Int. J. Biol. Sci. 2021, Vol. 17 389

72. Qin'Y, Wu CW, Taylor WR, et al. Discovery, Validation, and Application of
Novel Methylated DNA Markers for Detection of Esophageal Cancer in
Plasma. Clin Cancer Res. 2019; 25: 7396-7404.

73. Meng L], Liu SH, Ding PG, et al. Circular RNA ciRS-7 inhibits autophagy of
ESCC cells by functioning as miR-1299 sponge to target EGFR signaling. J Cell
Biochem. 2020; 121: 1039-1049.

74. Chan WL, Lam KO, So TH, et al. Third-line systemic treatment in
advanced /metastatic gastric cancer: a comprehensive review. Ther Adv Med
Oncol. 2019; 11: 1758835919859990.

75. Pan HY, Li T, Jiang YG, et al. Overexpression of Circular RNA ciRS-7
Abrogates the Tumor Suppressive Effect of miR-7 on Gastric Cancer via
PTEN/PI3K/AKT Signaling Pathway. J Cell Biochem. 2018; 119: 440-446.

76. Kleeff ], Korc M, Apte M, et al. Pancreatic cancer. Nat Rev Dis Primers. 2016; 2:
16022.

77. Rizvi S, Gores GJ. Pathogenesis, diagnosis, and management of
cholangiocarcinoma. Gastroenterology. 2013; 145: 1215-1229.

78. Wu]J, Qi XQ, Liu LN, et al. Emerging Epigenetic Regulation of Circular RNAs
in Human Cancer. Mol Ther Nucleic Acids. 2019; 16: 589-596.

79. Chen H, Mao M, Jiang J, et al. Circular RNA CDRlas Acts as a Sponge of
miR-135b-5p to Suppress Ovarian Cancer Progression. Onco Targets Ther.
2019; 12: 3869-3879.

80. Li P, Yang X, Yuan WB, et al. CircRNA-Cdrlas Exerts Anti-Oncogenic
Functions in Bladder Cancer by Sponging MicroRNA-135a. Cell Physiol
Biochem. 2018; 46: 1606-1616.

http://www.ijbs.com



