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Abstract

value of circRNA in GC.
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Gastric cancer (GC) is a common malignancy and is the third leading cause of cancer-related death. At present, there is no simpleg
effective screening method for early-stage GC, and the treatment results and prognosis are poor. With the continuous improvement
of molecular biology techniques, research on circular RNA (circRNA) has gradually expanded over time. Much data supports the
role of circRNA in tumorigenesis. Moreover, due to its structural specificity and biological stability, circRNA is anticipated to be a
potential biomarker for tumor diagnosis. Studies have confirmed that circRNA can participate in the proliferation, invasion,
metastasis, and apoptosis of GC. These findings will lead to novel directions for the diagnosis and treatment of GC. This article
reviews the structure and function of circRNA, summarizes the current studies on circRNA, and discusses the potential diagnostic

Introduction

Gastric cancer (GC) originates from the gastric mucosal
epithelium. It is a common malignant tumor. According to
the report from the World Health Organization’s
International Cancer Research Center, in 2018 GC
ranked fifth in global cancer incidence and is the third
leading cause of death amongst cancer patients. More than
one million new cases were reported in 2018. The death
toll is estimated at 783,000 per annum (equivalent to one
per 12 deaths worldwide). Therefore, prevention and early
diagnosis of GC are essential. At present, there is still no
simple and efficient means for early screening of GC.
Additionally, the sensitivity and specificity of existing
biomarkers for clinical use need to be improved.

The continual advancements in the field of molecular
biology and extensive use of technologies such as high-
throughput sequencing have led to the rapid discovery of
non-coding RNAs (ncRNAs). Amongst them, circular
RNAs (circRNAs) have been determined to be an important
class of ncRNAs. Research on circRNAs is gradually
expanding. Several studies have shown that circRNA can
play an important role in a variety of cancers by acting as an
oncogene or tumor suppressor gene. Moreover, studies have
confirmed that circRNA can interact with genes involved in
GC, thus, participating in GC proliferation, invasion,
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apoptosis, and metastasis. For example, Zhang et al*!
found that the circLARP4 inhibits biological behaviors of
GC cells by sponging miR-424. There is a binding site
between miR-424 and large tumor suppressor kinase 1, a
core part of the Hippo signaling pathway that functions as a
tumor suppressor in GC. Thus, circRNA may play an
important role in GC development. Due to its structural
specificity and biological stability, circRNA may become a
potential target for disease diagnosis and treatment. This
article reviews the origin, characteristics, and effects of
circRNA, and describes its role in GC development.

Definition and Characteristics of CircRNA

Definition of circRNA

NcRNA refers to RNA which is widely present in various
living organisms, but cannot encode proteins, which play
an important role in regulating life activities. In the human
genome, genes encoding proteins account for only 1% to
2% of all genes.®! Therefore, most genes produce ncRNA.

CircRNA is a precursor mRNA (pre-mRNA) derived from
the transcription of RNA transcriptase IL1*®! It is a special
type of endogenous ncRNA. It does not contain the linear
structure of the 5 cap structure and the 3’ poly(A) tail of
other RNAs. Instead, it forms a closed-loop structure,
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which is more stable than traditional linear RNA by
covalent bond closure.l””

CircRNA was d1scovered over 40 years ago. As early as
1976, Sanger et al'" utilized virus-like research and found
smgle stranded circRNAs in higher plants. In 1979, Hsu
et al"! determined that the content of circRNA in Hela
cells accounted for at least 1% to 2% of total RNA content
using electron microscopy. However, due to the limited
technical means at the time, circRNA was only considered
to be a by-product of abnormal splicing of transcripts.
Therefore, it did not attract much scientific attention. With
the continuous development of molecular purification and
high-throughput sequencing technologies, bioinformatic
analysis technology is gradually progressing. In recent
years, more and more circRNAs have been discovered and
further researched. Intensive research has revealed that
circRNA is widely present in various tissues, including
nerve and liver, and so on."">"*3! and that the differences in
circRNA contained in various tissues are also significant.
As a result of recent studies, as many as 140,000 circRNAs
have been discovered.®1¢ This suggests that circRNA may
become the largest transcript in human cells.

Sources of circRNA

The circRNA of eukaryotic cells is a single-stranded
circular structure lacking a free 5" end cap and a 3’ poly(A)
tail. The majority of circRNA is composed of exons;
however, some may also contain one or two introns.
Depending on the source of the exon and intron in
the genome and its constituent sequences, eukaryotic
circRNAs can generally be classified into the following three
categories: (1) exon-derived circRNA molecules (exonic
circRNA [ecRNA]), which contains onlg exons These
exons are connected by a 5’ end-3’ end,®'” (2) circular
intronic RNA (ciRNA), which contams only 1ntrons and is
looped through the 5’ end-2’ end,!"® and (3) exon and intron
common source circRNA molecules (exon- 1ntron c1rcRNA
[EICiRNA]) containing both exons and introns."®! Studies
have found that the types of c1rcRNA increase with the
degree of evolution of a species.!*®! Therefore, the types of
circRNAs can be very diverse.
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Characteristics of circRNA

The structure of circRNA is different from that of traditional
linear RNA, which is a closed RNA formed by non-covalent
linkage of exons and/or introns. Studies have found that
circRNA has the following characteristics: (1) circRNA is
widely present in all eukaryotic organisms and is high in
content; (2) The expression levels of circRNA in different
tissues and different developmental stages of the same
organism are different. Additionally, the content of
circRNA is also very different in different tumor tissues;
therefore, it has spatial and temporal specificity. (3) As
circRNA does not have a 5’ end cap and a 3’ end poly(A)
structure, it could not be easily cleaved by exonuclease
giving its structural stability compared with linear RNAPZ!;
(4) circRNA is rich in microRNA (miRNA) binding 51tes
which can bind to corresponding miRNAs and act as a
sponge??; (5) ciRNA has a highly conserved sequence, most
of which does not mutate during biological evolution; (6)
circRNA can be widely found in human exosomes (small
vesicles containing complex RNAs and proteins). At
present, there are more than 1000 types of circRNAs in
human serum exosomes. The expression of these circRNAs
in some tumor tissues is highly specific. Therefore, circRNA
can be used as potent1al tumor markers.[**! Other features of
circRNA remain to be elucidated.

CircRNA Synthesis and Degradation Mechanism

CircRNA synthesis

The structural genes of most eukaryotes are split genes. The
pre-mRNA directly generated by DNA transcription
generally needs to be excised by splicing. The remaining
exon se%uences are then spliced to form a mature linear
mRNA,* a split gene. Most circRNAs are also derived
from pre-mRNA. However, the difference is in the splicing
reaction. In circRNA, the upstream 5’ cleavage site and the
downstream 3’ cleavage site are linked by a covalent bond to
form a circular transcrlpt This splicing method is called
reverse-splicing.!®**! The synthesis of circRNA is shown
in Figure 1. Studies have found that reverse-splicing of pre-
mRNA can form three different circRNAs: ecRNA, ciRNA,

Pre-mRNA Head to tail
split
End cap Intron lIntron 2 Intron 3 Intron 4 Intron 5 Poly(A)
3’ 3 = . - g 5 3
Splicing )
Linear nRNA TRERNA

5 3

£t cop [N ETlee

Exon3

Figure 1: Circular RNA synthesis. Most pre-mRNA remove introns and splice the remaining exon sequences to form mature linear mRNA. In circRNA, the upstream 5’ cleavage site and the
downstream 3’ cleavage site are linked by a covalent bond to form a circular transcript. circRNA: Circular RNA; pre-mRNA: Precursor mRNA.
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and EIciRNA. The formation mechanisms of the three
circRNAs are as follows:

Formation mechanism of ecRNA

The exon-derived circRNA molecule is mainly located in the
cytoplasm and is produced by the exon cyclization pathway.
Jeck et al*®! proposed a cyclization mechanism for two
exons,namely lariat driven circularization and intron pairing
driven circularization. The lariat driven circularization is also
known as exon skipping. It refers to the exon skipping of pre-
mRNA during post-transcriptional processing during the
lariat driven circularization, which brings the distance of the
non-adjacent exons closer. Then, by reverse splicing, the 3’
end of the downstream exon splice donor is covalently bound
to the 5" end of the splice acceptor of the upstream exon to
form a lasso intermediate. The intron is then removed to form
an ecRNA. In the intron pairing driven cyclization process,
the introns flanking the circRNA exons are mainly mediated
by reverse complementation, which promotes the exon to
form a cyclized structure. The intron in the loop is then
cleaved and ligated to form an ecRNA. The most common
flanking complement is the complementary pairing of Alu
and B1, which plays an important role in the process of exon
cyclization. The perfectly matched complementary sequence
can promote the expression of circRNA. 2627

Formation mechanism of ciRNA

Intron-derived circRNA molecules are produced by the
intron cyclization pathway and are mainly distributed in the
nucleus.!"® The formation of ciRNA needs to be driven by
several conserved sequences, which mainly include a GU-
rich sequence near the 5’-terminal cleavage site (the length of
which is seven nucleotides [nt]) and a C-base-rich sequence
near the 3’-end branch site (the length of which is 11 nt).
Most introns form a lasso structure during the splicing
process; however, these structures are degraded by
debranching enzymes soon after debranching.!*®! The
specific sequences determined by these lengths are resistant
to debranching enzyme degradation. Additionally, the lasso
structure formed by the introns is prevented from being
degraded. Thereby, a structurally stable circular structure
ciRNA is formed, increasing the formation efficiency of
ciRNA.'821 In the process of c¢iRNA formation, this
specific sequence in pre-mRNA is required for the
normalization of cyclization. So this specific sequence is a
prerequisite for the synthesis of ciRNA by eukaryotes.!'8!

Formation mechanism of EICiRNA

EIciRNA molecules are mainly present in the nucleus. In the
cyclization process driven by intron pairing, if the intron
sequence contained in the RNA molecule is not completely
excised, but a part of it is stably retained, an EIciRNA in
which the intron and the exon sequence coexist is formed. For
example, in the nucleus of cervical cancer HeLa cells, reverse
splicing forms the EIciRNA containing the intron."*-*"!

CircRNA degradation

Since circRNA does not have a 5" end cap and a 3’ poly(A)
tail, it is resistant to degradation by ribonuclease R (RNase
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R, a 3'-5' exonuclease derived from the Escherichia coli
superfamily). Therefore, it is more stable than linear
RNA.BY It may be degraded by other means.

At present, there are few reports on the mechanism of
circRNA degradation. However, studies have found that
miR-671 can rely on Argonaute protein (AGO% to directly
degrade circRNA sponge for miR-7 (ciRS-7).1'”) Experi-
ments have also shown that higher concentrations of
circRNAs than corresponding linear RNAs have been
found in extracellular vesicles (EVs), such as exosomes and
microvesicles recovered from cell culture fluids.**! This
suggests that circRNA can be excreted outside the cell by
EVs which may be the cellular clearance mechanism of
circRNA.

Function of CircRNA

Regulation of gene expression

The primary biological role of ncRNA is to regulate gene
expression. Studies have shown that, as a member of the
ncRNA family, circRNA can also regulate the transcription
process of genes.*3! CircRNA is widely distributed in the
nucleus of eukaryotic cells and can promote gene
transcription by binding to the RNA polymerase Il complex
or proteins involved in transcription, thereby regulating the
expression of genes.''® For example, Li et al**' found that
there are two nuclear EIciRNAs (circEIF3] and circPAIP2)
which have sites for binding to small nuclear RNA (snRNA)
in the Ul nucleus. These EIciRNAs can regulate gene
expression by interacting with snRNA. EIciRNA first forms
an EIciRNA-U1snRNP complex with Ul small nuclear
ribonucleoprotein (snRNP), which interacts with the RNA
polymerase II transcriptional complex in the promoter
region of the parental gene to promote gene expression and
regulate transcriptional genes.

miRNA sponge effect of circRNA

As a short-chain ncRNA molecule, miRNA can specifically
bind to the 3’ untranslated region (UTR) of mRNA. This
inhibits the translational function of the target mRNA or
induces degradation of the target mRNA, and regulates
gene expression after transcription.** Because miRNA
can regulate the level of RNA that binds to it, this is called
the molecular sponge of miRNA.?**¢! Studies have shown
that gene expression can also be regulated by the
interaction of circRNA with miRNA.”! Many circRNAs
bind to their corresponding miRNAs and act as competing
endogenous RNAs (ceRNAs), thereby relieving the nega-
tive regulation of miRNA expression on target genes to
increase target gene expression levels. This effect is called
miRNA sponge action of circRNA.

The first circRNA reported to have such an effect is ciRS-7,
which was found by Hansen ez al.!**! Since ciRS-7 contains
approximately 70 miR-7 miRNA response elements, it can
act as miR-7 sponge. By adsorbing and strongly inhibiting
the function of miR-7, it can be negatively regulated.

In eukaryotes, more and more circRNAs have been found
to contain miRNA binding sites. For example, circHIPK3
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can be used as a molecular sponge for many miRNAs.!*®!

Wang et al®® found that heart-related circRNA can be
used as a sponge for miR-223. Its binding to miR-233 can
inhibit the activity of miRNA, thereby greatly increasing
the gene expression downstream of miR-223, ultimately
inhibiting cardiac hypertrophy and heart failure and
slowing the progression of the disease.

MiRNAs can participate in normal physiological activities
and play an important role in the disease development of
diseases. CircRNA can regulate the activity of miRNAs
in vivo because of its miRNA molecular sponge. Therefore,
circRNA is undoubtedly involved in the regulation of
disease development. Due to the structural stability of
circRNA, the miRNA’s sponge action is more durable than
other types of competitive endogenous RNA.

CircRNA can interact with RNA binding proteins (RBPs)

As demonstrated with in-depth studies of circRNA
molecules, circRNA not only binds directly to proteins,
but also indirectly binds to certain proteins via RNA.
CircRNA can bind to RBP to form an RNA-protein
complex. This complex regulates the interaction between
RNA and RNA-binding proteins to regulate gene
transcription and protein activity, thereby affecting the
expression level of post-transcriptional genes.

Certain ecRNA molecules can be used as target sequence
elements. They use their complementary sequences to bind
RBP, DNA, or RNA through the principle of base
complementation, which serves as a bridge between
RBP, DNA, and RNA. For example, cerebellar degenera-
tion-related protein 1 transcript (CDR 1as) can bind tightly
to the miRNA’s effector AGO,!"5>2?! which is cleaved and
degraded by miR-671. Ashwal-Fluss et al'¥ also found in
both human and fruit fly studies that the splicing factor
(muscle blind, MBL/MBNL1) binds to the second exon to
form circRNA (circMBL). The resulting circMBL has a
binding site for MBL on the flanking intron. When the
intracellular MBL protein content is too high, it promotes
the production of circMBL, thereby reducing the mRNA
production of the protein.

The translation role of circRNA

Studies have shown that some ncRNAs also have
translational functions to produce functional proteins or
o [39-41] ~

peptides in vivo. Researchers previously thought that
circRNA is one of ncRNAs. There is no suitable internal
ribosome entry site (IRES) due to its lack of 5" end cap and
3’ poly(A) tail structure, so it is impossible to translate into
protein. However, it has finally been discovered that there
are many genes from which circRNAs are derived.
Moreover, exon sequences can also be included in the
structure, which may prove that circRNA has a translation
function with a coding protein. If these circRNAs contain
an IRES, the eukaryotic ribosomal 40S small subunit can
enter the IRES of these circRNAs through this site, thereby
guiding protein synthesis./**!

The first circRNA discovered to have a protein-encoding
function is the RNA of hepatitis D virus (HDV) found by
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Kos et al*3 HDV is a satellite virus of hepatitis B virus, a
single-stranded circRNA molecule with a protein-encoding
function. Its circRNA can express Pathogenic viral
proteins.!'3! Later, AbouHaidar et al'**! also found that
there is a highly stable circRNA molecule of about 220 nt
long on the rice yellow spot virus. It is a covalently closed
circRNA (RCCC RNA). This type of circRNA has an
internal ribosome binding site that binds to the corre-
sponding ribosome and translates a protein with a relative
molecular mass of 16,000. Other studies have further
confirmed that after the endogenous circRNA begins to be
translated, its special structure may make it easier for
ribosomes to circulate and participate in the elongation of
the polypeptide chain.!**!

The functions of circRNA are illustrated in Figure 2.

Research Method of CircRNA

Expression analysis techniques

Including RNA sequencing, real-time quantitative polymer-
ase chain reaction (RT-PCR), Northern blotting, two-
dimensional polyacrylamide gel electrophoresis (2D-PAGE),
RNase R and RNase H chip technology, RNA-fluorescence
in situ hybridization, and biotin-coupled circRNA capture
technology are used in circRNA research.

RNA sequencing is a transcriptomics research method
based on second-generation gene sequencing technology.
Early RNA sequencing was performed using Ploy(A) tail
enrichment to construct a library for sequencing. Howev-
er, circRNA lacks the Poly(A) tail due to the closed loop
structure. Therefore, circRNA has been largely eliminated
when constructing the library. Presently, RNA sequencing
has begun to construct complementary DNA (cDNA)
libraries using ribosomal ribonucleic acid removal and
random primer methods combined with a series of
algorithmic formulas. This has led to the discovery of
abundant circRNA expression in a variety of eukaryotic
organisms.*®) RT-PCR is the easiest and fastest way to
identify circRNA. Primers designed for circRNA reverse
splice site sequences allow amplification and quantification
of specific circRNAs.

RNase R is an exonuclease, which is capable of degrading
RNA containing 5’ and 3’ ends. It can be combined with RT-
PCR to identify circRNA and can also be used for
sequencing circRNA purification and sequencing results.[*”!
Starke et al'® utilized a combination of Northern blotting
and RNase H. verified that the exon circRNA has a closed
loop structure. Northern blotting recognized the circular-
ized exon sequence by the designed probe. RNase H is an
endoribonuclease that cleaves RNA when DNA and RNA
hybridize. This method effectively distinguishes between
circRNA and trans-splicing products.

In 2D-PAGE, linear RNAs move diagonally according to
their size, while circRNA moves in an arc. Therefore, 2D-
PAGE can be used to enrich and quantify circRNA for
sequencing and to quantify and characterize it.l**! In other
methods, chip technology is mainly used to screen
circRNA. The biotin-coupled circRNA capture technology
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Figure 2: Function of circular RNA. (A) Regulation of gene expression: circRNA binds to snRNA in the U1 nucleus, and then binds to the promoter region of the parent gene together with RNA
polymerase Il (Pol ll) to regulate its own expression; (B) miRNA sponge effect of circRNA: circRNAs have many miRNA binding sites, which can bind to their corresponding miRNAs and act as
ceRNAs; (C) interact with RNA binding proteins: circRNA can bind to RBP to form an RNA-protein complex; (D) translation role of circRNA: circRNAs contain an IRES, the eukaryotic ribosomal
40S small subunit can enter the internal ribosome entry site of these circRNAs through this site, thereby guiding protein synthesis. ceRNA: Competing endogenous RNA; circRNA: Circular
RNA; IRES: Internal ribosome entry site; miRNA: MicroRNA; RBP: RNA binding protein; snRNA: Small nuclear RNA.

is a circRNA northern blotting technique based on multi-
biotin signal amplification with high sensitivity.

Functional research

It mainly includes circRNA overexpression by constructing
related vectors, designing siRNA, and small hairpin RNA
knockdown (knockout) circRNA. For example, by trans-
fecting the pcDNA3-ciRS-7 recombinant plasmid into
zebrafish embryos, ciRS-7 overexpression can be achieved.
It has been found to affect brain development. Zhang
et al® used siRNA technology to study the role of
circRNA in the pathogenesis of colorectal cancer and
found that hsa_circ_0007534 can inhibit the proliferation
of colorectal cells and induce apoptosis.

CircRNA and miRNA interaction studies

At present, there are two main methods for studying the
interaction between circRNA and miRNA, namely dual-
luciferase reporter assay and RNA immunoprecipitation
(RIP).!! The dual-luciferase reporter assay first constructs a
luciferase reporter vector containing the circRNA fragment
of interest and then co-transfects the miRNA with the
reporter gene into the cell. The binding of miRNA to
circRNA is verified by detecting the activity of firefly and
Renilla luciferase.

The interaction between circRNA and miRNA can also be
achieved by RIP of AGO protein in combination with

quantitative real-time PCR (qRT-PCR) analysis. Since
circRNA, miRNA, and AGO proteins can co-localize in
cells, AGO proteins can be enriched by antibody-specific
binding purification to explore the number, changes, and
interactions of circRNA and miRNA. This method can be
used to verify the “sponge effect” of circRNA adsorption
on miRNAs.

Functions of CircRNAs in GC

It has been reported that circRNA is differentially
expressed in many cancers and can affect cancer occur-
rence, development, and metastasis. Therefore, circRNA
plays an important role in GC.

Differentially expressed circRNAs in GC

Since the discovery of circRNA, its relationship with tumors
has been a hot topic of research. Researchers hope to further
elucidate the pathogenesis of tumors through the study of
circRNA, and find novel methods of diagnosis and
treatment. A large number of studies have shown that there
are several differentially expressed circRNAs in GC. Some
expression levels were significantly elevated, while others
were decreased. These differentially expressed circRNAs are
summarized in Table 1. For example, in a study by Xie
et al'®?) hsa_circ_0074362 was significantly down-regulat-
ed in GC tissue when compared with adjacent tissues.
Similarly, Li ez al®* also found that hsa_circ_0001017 and
hsa_circ_0061276 were significantly decreased in GC
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Table 1: Differential expression and functions of circRNAs in gastric cancer.
Related molecules,
pathways or
CircRNAs Sample type Expression change functions and uses References
circLARP4 GC tissues Down-regulated miR-424/LATS1 2
New tumor suppressor
hsa_circ_0001017 and GC plasma Down-regulated Diagnostic biomarker 1501
hsa_circ_0061276
hsa_circ_0000181 GC tissues and normal tissues, Down-regulated Diagnostic biomarker [51]
plasma of GC patients and
healthy people
hsa_circ_0074362 127 GC tissues and paired Down-regulated Diagnostic biomarker 1521
normal tissues, 83 gastritis
tissues and six GC cell lines
hsa_circ_0003159 108 pairs of GC tissues and Down-regulated Diagnostic biomarker (53]
adjacent tissues
circ-KIAA1244 Plasma from ten GC patients Down-regulated Diagnostic biomarker (541
and five healthy individuals )
hsa_circ_0000520 GC tissues, cells, and plasma Down-regulated Diagnostic biomarker (53]
hsa_circ_0001895 Five GC cell lines and 257 Down-regulated Diagnostic biomarker (36]
tissue
hsa_circ_0006633 GC tissues, plasma, and cell Down-regulated Diagnostic biomarker 1571
lines
hsa_circ_0001649 GC tissues and serum samples Down-regulated Diagnostic biomarker 1581
hsa_circ_0000096 101 pairs GC tissues and Down-regulated Diagnostic biomarker (59
adjacent tissues, GC cell lines
hsa_circ_0000745 60 pairs of GC tissues and Down-regulated Diagnostic biomarker 160l
adjacent non-tumor tissues,
60 plasma samples from
patients and healthy
individuals
hsa_circ_0000190 104 pairs of GC tissues and Down-regulated Diagnostic biomarker letl
adjacent non-tumor tissues,
104 plasma samples from
patients and healthy
individuals
hsa_circ_002059 GC plasma samples Down-regulated Diagnostic biomarker 162,631
GC and adjacent non-tumor
tissues
hsa_circ_0014717 GC tissues and gastric juice Down-regulated Diagnostic biomarker les]
ciRS-7 102 GC tissues and matched Up-regulated Diagnostic biomarker 115,65-67]
adjacent tissues
hsa_circ_0000467 GC tissues, cell lines, and Up-regulated Diagnostic biomarker (8]
plasma
circ_0056618 GC tissues and cells Up-regulated Diagnostic biomarker 1691
hsa_circ_0000026 GC and adjacent normal tissues Up-regulated Diagnostic biomarker 7ol
circ_0027599 GC tissues and cells Down-regulated miR-101/PHLDA1 [71]
Inhibit GC proliferation and
metastasis
circRNA_100269 GC tissues Down-regulated miR-630 1721
Inhibited cell proliferation
hsa_circ_0001368 GC tissues and cells Down-regulated miR-6506-5p/FOX03 73]
has_circ_0001461 GC tissues and cell lines Down-regulated Inhibit tumor growth [74]
circFAT1(e2)
circ-ZFR GC tissues Down-regulated miR-130a/ZFR 1731
miR-107/PTEN
hsa_circ_0000673 GC tissues, cell lines, and Down-regulated miR-532-5p/RUNX3 [76]
plasma Inhibit tumor growth
circ-104916 GC tissues and cell lines Down-regulated Potential tumor suppressor 771
hsa_circ_0047905/hsa_circ_0138960 GC tissues and paired Down-regulated Promote the proliferation and invasion of 1781
/has-circRNA7690-15 paracancerous mucosal cancer cells
tissues
hsa_ circ_00067997 GC tissues and cell lines Up-regulated miR-515-5p/XIAP (79
Promote tumorigenesis
circ-ERBB2 GC tissues and cells Up-regulated miR-503/CACUL1 and miR-637/MMP- 1801
19
Acts as an oncogene
hsa_circ_000803S GC tissues and cells Up-regulated miR-375/YBX1 (81)
Promotes proliferation and invasion
circ_0009910 GC cell lines and tissues Up-regulated Promotes proliferation, migration, and 1821
invasion
circ_0066444 106 GC tissues and paired Up-regulated Promotes proliferation, invasion and 1831
adjacent non-tumor tissues migration
hsa_circ_0081143 GC tissues Up-regulated miR-646/CDK6 1841
A potential novel therapeutic strategy
circ-SFMBT2 GC tissues and plasma Up-regulated miR-182-5p/CREB1 1851
Providing a new therapeutic target 561

circPVT1

GC and adjacent normal tissues

Up-regulated

miR-125

GC: Gastric cancer; LATS1: Large tumor suppressor kinase 1; PHLDA1: Pleckstrin homologous domain family member 1; FOXO3: Forkhead box O3
(FOXO03); ZFR: Zinc finger RNA-binding protein; PTEN: Phosphatase and tensin homolog; RUNX3: Runt-associated transcription factor 3; XIAP: X
chromosome-linked inhibitor of apoptosis; CACUL1: CDK2-associated cullin 1; MMP-19: Matrix metalloproteinase 19; YBX1: Y-box binding protein
1; CDKG6: Cyclin-dependent kinase 6; CREB1: Cyclic AMP response element-binding protein 1.
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patients’ plasma. In another example, Lu et al”! found that
hsa_circ_0000467 was up-regulated in GC tissues, plasma
and cell lines. The discovery of these differentially expressed
circRNAs indicates that circRNA is involved in GC
development and progression, providing new clues for
revealing the mechanism of GC and providing a new
direction for its diagnosis and treatment.

CircRNA can be used as a diagnostic marker for GC

Zhao et al®"found that the level of hsa_circ_0000181in GC
patients’ tissues and plasma was significantly lower than that
of non-tumor tissues or healthy human plasma. The
expression of hsa_circ_0000181 in GC tissues was signifi-
cantly correlated with tumor diameter, lymphatic metastasis,
distant metastasis, and carbohydrate antigen 19-9 (CA19—9)
(P < 0.05). The decrease of hsa_circ_0000181 in the plasma
of patients was significantly correlated with differentiation
and carcinoembryonic antigen (P < 0.05). Therefore, detec-
tion of hsa_circ_0000181 in tissues and plasma may be a
biomarker for GC diagnosis. Tian e all**! also found that the
expression level of hsa_circ_0003159 was significantly
negatively correlated with gender, distant metastasis, and
tumor-lymph node metastasis. Therefore, hsa_circ_0003159
may be a potential tumor biomarker for GC.

Chen et al'®" found that hsa_circ_0000190 was down-
regulated in GC patients’ tissues and plasma (P < 0.001)
and its expression level was significantly correlated with
tumor diameter, lymph node metastasis, distant metasta-
sis, tumor, node, and metastasis (TNM) stage and CA19-9
level (P < 0.05). The combined determination of tissue and
plasma circRNA can improve the accuracy of diagnosis,
indicating that hsa_circ_0000190 may be a novel non-
invasive biomarker for the diagnosis of GC.

CircRNA inhibits the occurrence, development, and
metastasis of GC

Wang et all”!) studied the mechanism of action of circRNA
in the GC suppressor gene pleckstrin homologous domain
family member 1 (PHLDAT1). The circRNA expression
profile of the circRNA gene chip in GC tissues showed that
hsa_circ_0027599 (circ_0027599) was significantly down-
regulated in GC tissues when compared to the control.
Overexpression of circ_0027599 inhibits proliferation
and metastasis of GC cells. Using bioinformatics tools
and luciferase reporter assays, it was confirmed that
circ_0027599 is a sponge of miR-101-3p.1 (miR-101),
which inhibits the survival and metastasis of cancer cells. It
was also confirmed that PHLDA1 is regulated by
circ_0027599 in GC cells. Therefore, the study found that
PHLDA1 is regulated by circ_0027599/miR-101, which can
inhibit the survival and metastasis of GC.

Lu et al”* found that hsa_circ_0001368 was widely down-
regulated in GC tissues and cells, which was associated with
poor prognosis in patients with GC. Functional experiments
have shown that knocking down hsa_circ_0001368 can
promote cell proliferation and invasion. In addition, the
knockdown of hsa_circ_0001368 also leads to accelerated
growth of tumors iz vivo. Subsequently, it was confirmed
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that hsa_circ_0001368 was used as a ceRNA of the sponge
miR-6506-5p. Although forkhead box O3 (FOXO3) can
serve as a functional target of miR-6506-5p, knocking out
hsa_circ_0001368 reduced the expression of the tumor
suppressor gene FOXO3. Therefore, research shows that in
GC, hsa_circ_0001368 can exert tumor-suppressive effects
through the miR-6506-5p/FOX03 axis.

CircRNA can promote the occurrence of GC

Zhang et al”®! verified the expression of circ_0067997 in
GC tissues and cell lines by qRT-PCR. High circ_0067997
expression was associated with low overall survival rate
in GC patients. Knocking out circ_0067997 significantly
reduced cell proliferation and invasion. In addition, X
chromosome-linked inhibitor of apoptosis (XIAP) can be
targeted and regulated by miR-515-5p, while circ_0067997
is directly identified as a sponge of miR-515-5p. Therefore,
circ_0067997 can promote GC development by regulating
the miR-515-5p/XIAP axis.

Huang et al'®!! screened the up-regulated circRNA-
hsa_circ_0008035 in microarray data. Functional experi-
ments showed that siRNA-transfected hsa_circ_0008035
reduced the proliferation and invasion of GC cells.
Hsa_circ_0008035 acts as a sponge for miR-375 and
reduces its expression, while miR-375 can target Y-box
binding protein 1 (YBX1) 3’-UTR. Therefore, hsa_
circ_0008035 promotes proliferation and invasion of
GC cells by modulating the miR-375/YBX1 axis.

CircRNA can be used to analyze the prognosis of GG
patients

Chen ez al®*®! found a significant up-regulation of circPVT1
levels in a series of differentially expressed circRNA studies
in GC. After predictive analysis and experiments, circPVT1
can be used asa “sponge” of miR-125, which competes with
the miR-125 family and let-7 to regulate the expression of
these miRNA target genes. This promotes the proliferation
of GC cells. CircPVT1 is closely related to GC patient
prognosis. High circPVT1 levels have been correlated with
higher survival rates, which may be related to miR-125 with
an anti-cancer effect. Additionally, circPVT1 can be used as
a prognostic indicator of overall survival and disease-free
survival independent of clinicopathological parameters such
as tumor size and TNM staging. Therefore, circPVT1 can be
used as an independent parameter for analyzing the
prognosis of GC patients and is a new proliferative factor
and prognostic indicator for GC.

CircRNA can be a potential new therapeutic target for the
treatment of GC

Xue et al®¥ found that hsa_circ_0081143 was up-regulated
in GC tissues. Correlation analysis showed that the high
expression of hsa_circ_0081143 was associated with poor
TNM staging, lymph node metastasis, and overall survival.
Then, through functional experiments, it was found that
hsa_circ_0081143 inhibition not only decreases the viability
of GC cells, reduces their invasive ability, but also induces
GC cell sensitivity to cisplatin (DDP). Next, the interaction
between hsa_circ_0081143 and miR-646 was determined.
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Hsa_circ_0081143 was demonstrated to act as an endoge-
nous sponge by directly binding to miR-646. The down-
regulation of miR-646 effectively reversed the inhibitory
effect of hsa_circ_0081143 knockdown on cyclin-depen-
dent kinase 6 (CDK6). In addition, hsa_circ_0081143
silencing inhibited tumorigenesis iz vivo and significantly
enhanced the inhibitory effect of DDP on GC cells.
Therefore, hsa_circ_0081143 can be a potential new
therapeutic strategy for GC therapy through the role of
the hsa_circ_0081143/miR-646/CDK6 axis.

CircRNA regulates GG metabolism

Pan et al'®”! found that ciRS-7 can interfere with the
inhibitory effect of miR-7 on the phosphatase and tensin
homolog (PTEN)/phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (PKB/AKT) pathway, thereby promoting
GC cell proliferation. Previous studies have shown that the
PTEN/PI3K/AKT pathway stimulates aerobic glycolysis.
Thus, ciRS-7 may regulate the metabolism of GC cells
through this pathway. It can be seen that the circRNA/
miRNA regulatory axis may also play an important role in
regulating the metabolism of gastrointestinal tumors.

CircRNA regulates the tumor microenvironment of GC

Studies have shown that the tumor cell’s own circRNA is
closely related to the gastrointestinal tumor microenviron-
ment. The occurrence of epithelial-mesenchymal transition
(EMT) in tumor cells is associated with a decrease in
E-cadherin and an increase in vimentin in the microenvi-
ronment. Li et all””) demonstrated that the expression of
circ-104916 was down-regulated in GC tissues and cell
lines. Overexpression of circ-104916 can down-regulate the
content of vimentin in the microenvironment of GC and up-
regulate the content of E-cadherin, ultimately inhibiting the
EMT process of GC cells. Therefore, the use of circRNA to
regulate the tumor microenvironment of GC will have
potential application value.

Conclusions

More and more studies show that circRNAs may have
potential for early diagnosis and treatment targets.®”!
However, there is still a lack of multi-center clinical
research data and their specific functions in the patho-
physiology of GC development and molecular biological
behavior are still not very clear. This topic requires further
in-depth investigation. In the near future, they are likely to
be useful and effective targets for the screening, diagnosis,
and treatment of GC.
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