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Abstract: Gastric cancer (GC) ranks as the fourth most common cancer and the third leading cause of cancer-
related death worldwide. Circular RNAs (circRNAs) are a new class of long noncoding RNAs characterized by a single-
stranded covalently closed loop structure. Emerging evidence reveals the essential function of circRNAs in the
occurrence and development of human diseases. Among these, circRNAs are aberrantly expressed in GC and are
involved in the progression of GC. In this review, we briefly summarize the current knowledge of the classification,
biogenesis and biological functions of circRNAs, with an emphasis on their relationship with GC. As our understand-
ing of the relation between circRNAs and GC advances, more diagnostic and therapeutic protocols will be developed

for the prevention and treatment of GC.
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Introduction

Gastric cancer (GC) is one of the most common
gastrointestinal malignancies, being the fourth
most common cancer and the third leading
cause of cancer-related death worldwide [1].
The East Asia countries are known for high inci-
dence areas of GC, especially Japan and China
[4, 2]. Owing to the limitations of characteristic
symptoms and appropriate molecular biomark-
ers, most GC patients cannot be diagnosed at
an early stage. Although advanced surgical and
medical management have improved the sur-
vival rates and the prognosis of early GC
patients, the mortality rates of advanced GC
patients remain high, with a 5-year overall sur-
vival (OS) rate of less than 30% [3]. Since carci-
nogenesis and progression of GC is a complex
process, the mechanisms underlying the devel-
opment of GC are not fully understood. The
exploration of the molecular mechanisms and
signalling pathways associated with GC may
help identify potential diagnostic biomarkers
and therapeutic targets. Accumulating studies
have convincingly confirmed that many noncod-
ing RNAs (ncRNAs), such as long noncoding
RNAs (IncRNAs) and microRNAs (miRNAs), play
critical roles in a wide variety of biological pro-

cesses including the progression of GC, but the
function of circular RNAs (circRNAs) remain to
be elucidated [4-6].

CircRNAs are a new class of IncRNAs character-
ized with a single-stranded covalently closed
loop structure without 5’ end caps or 3’ poly (A)
tails [7, 8]. CircRNAs were first discovered in
RNA viruses by electron microscopy in 1976 [9].
Subsequently, sporadic studies reported the
discovery of circRNAs, and these RNAs were
regarded to be of low abundance and by-prod-
ucts of abnormal splicing [10-12]. With the
advance of high-throughput RNA sequencing,
exonuclease-based enrichment tools and bioin-
formatics analysis in the 215t century, circRNAs
were found to be ubiquitously expressed in a
variety of eukaryotic organisms, relatively sta-
ble and conserved in the control of gene expres-
sion [7, 8, 13]. Emerging evidence reveals the
essential function of circRNAs in the occur-
rence and development of many human diseas-
es. Furthermore, increasing studies have dem-
onstrated that circRNAs are strongly related
with the proliferation, apoptosis, invasion, and
metastasis of human tumours, which indicates
the potential of circRNAs to act as novel bio-
markers and therapeutic targets [14, 15].
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As circRNAs continue to be studied, they have
been found to be indispensable participants in
the occurrence and progression of GC. In this
review, we briefly summarize the current knowl-
edge of the characteristics of circRNAs, with an
emphasis on their relationship with GC.

The features of circRNAs
The classification and biogenesis of circRNAs

CircRNAs are generated cotranscriptionally fr-
om various protein-coding genes [16]. The rate
of biogenesis can be regulated by the flanking
repeat intronic complementary sequences and
RNA-binding proteins (RBPs) [16-19]. Based on
different generating mechanisms (Figure 1),
circRNAs can be divided into three types: exon-
ic circRNAs (ecircRNAs), circular intronic RNAs
(ciRNAs) and extron-intron circRNAs (eiciRNAs).
EcircRNAs consist of only exons and primarily
localize to the cytoplasm [13]. The biogenesis
of ecircRNAs has three potential mechanisms,
including direct backsplicing, exon skipping and
RBP quaking. Backsplicing during spliceosome-
mediated pre-mRNA splicing occurs in each of
these mechanisms as the canonical spliceo-
some, which connects a down splice donor site
to the upstream acceptor splice site [20].
Mechanism 1 is termed direct backsplicing or
intron-pairing driven circularization. Introns bor-
dering the circularized exons carry out base
pairing, which induces the two exons to under-
go alternative backsplicing and forms an ecir-
cRNA [11, 13]. Mechanism 2 is termed exon
skipping, or lariat-driven circularization. A down-
stream exon skips over one or several exons to
link an upstream exon, then forms a lariat con-
taining both exons and introns [13, 21]. The
skipped exons produce ecircRNA after removal
of introns by internal splicing [22]. Mechanism
3 is termed RBP quaking. RBPs bind to recogni-
tion elements within introns and form a bridge
between the two flanking intronic sequences,
which brings exons in close proximity to under-
go backsplicing and promotes ecircRNA biogen-
esis [16, 23]. After the biogenesis, UAP56/
URH49, the human homologs of Drosophila
Hel25E, are key modulators that have been
shown to modulate the human ecircRNA nucle-
ar export [24]. However, the other factors
involved in the localization of ecircRNA and the
actual molecular mechanism remain unclear.

CiRNAs consists of only introns and associates
with the nuclearinsoluble fractionation and

1920

lack of miRNA target sites [25, 26]. The biogen-
esis of ciRNAs needs to escape from debranch-
ing, in the context of a motif containingan 11 nt
C-rich element near the branchpoint and a 7 nt
GU-rich element near the 5’ splice [25]. The bio-
genesis of eiciRNAs is complex and still uncer-
tain because of the special constituent part of
introns that have been not spliced out.

Biological functions of circRNAs

Emerging studies have demonstrated that cir-
cRNAs may be involved in various biological
functions, including miRNA sponges, transcrip-
tion regulation, protein translation, interaction
with RBPs, alternative splicing, and probably
other unknown functions (Figure 2).

MIRNA sponges: MiRNAs are a class of small
RNAs that are important post-transcription reg-
ulators by targeting mRNAs [27]. Recent stud-
ies suggests that circRNAs are enriched in con-
served nucleotides and contain miRNA resp-
onse elements (MREs), indicating the potential
of circRNAs to act as competing endogenous
RNAs (ceRNAs) to compete for miRNA binding
sites, thereby reducing the binding of miRNA
and its target sites so that they counteract the
effect of miRNAs on their target mRNAs [7, 28].
This function of miRNA inhibitors has also been
termed miRNA sponges. The circular RNA sp-
onge for miR-7 (CiRS-7), also known as cerebel-
lar degeneration-related protein 1 transcript
(CDR1as), was the first ecircRNA identified to
have miRNA sponge effects. CiRS-7 contains
74 miR-7 binding sites, which can strongly
decrease miR-7 activity, causing the expression
of miR-7 targets to increase [28]. An in vivo
experiment indicated that ciRS-7 can act as a
miRNA antagonist with high miRNA-binding
capacity and participate in post-transcriptional
regulation [7]. Moreover, the testis-specific cir-
CRNA, sex-determining region Y (Sry) can serve
as a miR-138 sponge with 16 miR-138 binding
sites [28]. However, a study estimated a large
set of circRNAs and found that most identified
circRNAs in mammalian cells, except CiRS-7
and Sry, lack the characteristic feature of more
than ten miRNA binding sites [29]. Recent accu-
mulated evidence suggests that an increasing
number of functional circRNAs with less than
ten miRNA binding sites have the potential to
serve as MiRNA sponges and are relevant to
human diseases [30, 31]. Therefore, miRNA
sponges may not require a large number of
miRNA sites, and more potential interactions
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Figure 1. Possible models of circRNA and mRNA biogenesis. (1) Direct backsplicing. Introns bordering the circularized exons carry out base pairing, which induces
the two exons to undergo alternative backsplicing. Introns of the circRNA are removed or retained to form an ecircRNA or eiciRNA. (2) Exon skipping. A downstream
exon skips over one or more exons to link an upstream exon, then forms a lariat containing both exons and introns. Introns of the circRNA are removed or retained
to form an ecircRNA or eiciRNA. (3) RBP quaking. RBPs bind to recognition elements within introns, then form a bridge between the two flanking intronic sequences,
which brings exons in close proximity to undergo backsplicing. Introns of the circRNA are removed or retained to form an ecircRNA or eiciRNA. (4) CiRNA biogenesis.
A motif containing an 11 nt C-rich element near the branchpoint and a 7 nt GU-rich element near the 5’ splice escapes the debranching and degradation after the
canonical pre-RNA splicing, and forms a ciRNA. (5) Canonical pre-mRNA splicing and mRNA biogenesis.
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Figure 2. Putative functions of circRNAs. (1) CircRNAs as miRNA sponges. Some circRNAs can act as miRNA sponges by competing for miRNA binding sites. (2) Cir-
cRNAs as protein translators. Some circRNAs containing IRES have the ability to bind with ribosome and translate into proteins and peptides. M°A can act as IRES to
translate circRNAs in human cells. (3) Interaction with RBPs. Some circRNAs can bind RBPs to form RNA-protein complexes and act as RBP sponges. (4) Alternative
splicing. Some circRNAs can compete with the biogenesis and processing of mRNA in the nucleus. (5) Transcriptional regulation. Some eiciRNAs and ciRNAs can

interact with transcription complexes and promote their parental gene transcription in the nucleus.
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between circRNAs, miRNAs and their target
mMRNAs are still being evaluated [20].

Transcription regulation: EcircRNAs participate
in regulatory functions in the cytoplasm, where-
as the ciRNAs and eiciRNAs are retained during
the transcription of parental genes in the nucle-
us [7, 25, 26, 28]. A study has suggested that
two eiciRNAs, circEIF3J, and circPAIP2, can
combine with U1 small nuclear tibonucleic pro-
teins (snRNPs) via RNA-RNA interaction, and
with RNA polymerase Il (Pol Il) complex and pro-
mote the expression of parental genes in cis
[26]. Ci-ankrd52, an abundant ciRNA, can also
combine with elongation Pol Il and enhance the
transcription of RNA Pol Il [25]. The expression
of their parental genes was reduced after re-
moving ciRNAs, further indicating the positive
effects of ciRNAs on the transcription regu-
lation.

Protein translation: EcircRNAs located in the
cytoplasm might have the potential to be trans-
lated into proteins or peptides [32, 33]. The
presence of Internal Ribosomal Entry Sites
(IRES) and open reading frame (ORF) in some
ecircRNAs allows for the formation of proteins
[32, 34, 35]. A study demonstrated that N®-
methyladenosine (m°®A), the most abundant
internal modification of RNA, is enriched in cir-
cRNAs and can act as IRES to translate cir-
cRNAs in human cells [36]. The widespread
mOA translation in circRNAs reveals the large
number of endogenous circRNAs can translate
proteins [36]. Whether circRNAs-driven pro-
teins lack molecular activity or can act as bio-
logically functional molecules in cells has not
been determined. CircRNAs with protein trans-
lation functions not only can be regarded as
conventional ncRNAs, but might also act as a
novel type of protein-coding RNAs.

Interaction with RBPs: CircRNAs can interact
with multiple RBPs to form an RNA-protein com-
plex, and engage in multiple functions. For in-
stance, the circ-Dnmtl can promote the nucle-
ar translation of P53 and AUF1 by interacting
with them, resulting in cellular autophagy or
reduction of target mRNA instability [37]. A
study identified that hundreds of circRNAs were
regulated in the process of human epithelial-
mesenchymal transition (EMT) [23]. Quaking
(QKI) protein is the pivotal regulator of enhanced
production of circRNAs in EMT [23]. A bioinfor-
matics analysis showed that the IRES regions
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of circRNAs are predicted binding sites for
many RBPs, suggesting the role of RBPs in the
initiation of protein translation from circRNAs
[35]. The brain-related ecircRNA CDR1as can
associate with Argonaute (AGO) and act in a
way similar to miRNA sponges [7]. The ecircRNA
circ-Foxo3, which is highly expressed in non-
cancer cells, can interact with the cell cycle
proteins cyclin-dependent kinase 2 (CDK2)
and cyclin-dependent kinase inhibitor 1 (p21),
arrest the cell cycle progression and inhibit cell
proliferation [38]. Additionally, circ-Foxo3 can
bind murine double minute 2 (MDM2) and p53
to promote the ubiquitination function of
MDM2, and induce cell apoptosis [39]. These
RBP sponge functions have also been discov-
ered in circRNAs with other RBPs, such as MBL
[16], Pol Il [25, 26], eukaryotic initiation factor
A4A-1l (EIF4A3) [35] and ELAV-like protein 1
(HUR) [40]. CircRNAs with a high density of
binding sites for a given RBP can be regarded
as “super-sponges” with enhanced sponging
functions [35]. The interactions between cir-
cRNAs and RBPs may link circRNAs to diverse
biological processes.

Alternative splicing: Pre-mRNA splicing can
result in the biogenesis of a linear mRNA or a
circRNA. The short repeat elements in the
flanking introns can facilitate backsplicing to
promote the production of circRNAs and reduce
the linear splicing of flanking exons [16, 17].
This function of alternative splicing has been
shown in the circular muscleblind (circMBL) bio-
synthesis [16]. The circMBL can strongly com-
pete with linear splicing in the context of flank-
ing introns with abundant MBL-specific binding
sites [16]. Another study demonstrated that the
production of an ecircRNA from the mouse for-
min (Fmn) gene can act as “mRNA trap”, similar
to “alternative splicing” [12]. The Fmn circRNA
with translation-initiation site can trap the Fmn
gene transcripts in a nonfunctional form and
reduce the expression of the normal linear RNA
transcripts [12].

Biological roles of circRNAs in GC
Profiles of circRNA expression in GC

The RNA sequence analysis and microarray
analysis of the expression of circRNA in human
cells have shown that many circRNAs were
aberrantly expressed in GC and may have sev-
eral potential functions. Sui et al. [41] discov-
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ered that a total of 1285 circRNAs were differ-
entially expressed in GC tissues compared with
adjacent tissues based on microarray chip
technology. Of these, 691 circRNAs were upreg-
ulated and 594 were downregulated. Sixty-nine
of these circRNAs were found to have the
potential to serve as miRNA sponge to regulate
the expression of target mRNAs. Another result
of the circRNA microarray showed that 16 cir-
cRNAs were upregulated whereas 84 circRNAs
were downregulated in GC [42]. Among these
circRNAs, only circ_0000026 expression was
significantly downregulated 2.8-fold change in
GC by quantitative reverse transcription poly-
merase chain reaction (QRT-PCR) [42]. Dang et
al. [43] revealed that a total of 713 circRNAs
showed differential expression in GC tissues as
screened by the expression profiles of 5 pairs
of GC and matched non-GC tissues. Of these
circRNAs, 191 and 522 were upregulated and
downregulated, respectively. Vidal et al. [44]
found 736 differentially expressed circRNAs on
RNA sequence analysis. They revealed the
over-expression of circRNAs in both tumour-
adjacent and GC samples compared with
healthy samples, indicating the presence of
field cancerization in GC. Shen et al. [45] per-
formed a circRNA microarray analysis and con-
firmed that a total of 347 upregulated and 603
downregulated circRNAs in GC compared with
normal gastric tissue. Ten out of 20 randomly
selected circRNAs were verified to have differ-
ential expression. However, the expression
of these circRNAs was not correlated with the
expression of host genes, indicating the in-
dependent regulation in circRNA formation
against transcription [45].

Gu et al. [46] performed a microarray analysis
and further researched the circRNA-miRNA-
mMRNA regulation network. They found that cir-
cRNA_101504 may be a central part in the
regulation network, by sponging the miR-454-
3p and miR-301a-3p to affect several mRNAs.
Lai et al. [47] studied the microarray data and
found 240 circRNAs and 169 mRNAs were dif-
ferentially expressed in GC tissues. Among
these circRNAs, 71 were upregulated while 133
were downregulated. The co-expression net-
work predicted the correlation of one circRNA
or mRNA with one to many circRNAs or mRNAs.
Li et al. [48] first performed a microarray analy-
sis of both GC tissues and plasma and found
343 differentially expressed circRNAs. How-
ever, only 3 and 14 circRNAs were elevated and
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reduced in both GC tissues and plasma. These
expression profiles of circRNAs in GC further
confirmed that circRNAs are closely associated
to GC. However, only a small number of cir-
cRNAs have been ascertained to regulate carci-
nogenesis in GC. While researchers can use
bioinformatics to analyse these expression pro-
files to predict more accurately the roles of cir-
CcRNAs, these results reveal that the study of
GC-related circRNAs is still full of challenges.

CircRNAs as potential biomarkers in GC

Due to their special characteristics such as
conservation, abundance, and long half-lives,
circRNAs may act as special and stable molecu-
lar markers to predict GC [13]. Li et al. [14] first
demonstrated that circ_002059 was highly
stable in mammalian cells and downregulated
in GC tissues and plasma by gRT-PCR. These
finding demonstrated that circ_002059 may be
a potential stable biomarker for the diagnosis
of GC. They also reported that circ_0000096
was significantly downregulated in GC with an
area under receiver operating characteristic
(ROC) curve of 0.82 [49]. The combination of
circ_002059 and circ_0000096 results can
increase the AUC to 0.91. Fang et al. [50] dem-
onstrated that the upregulated circ_0058246
in tumour specimens of patients with poor clini-
cal outcomes by qRT-PCR. Huang et al. [51]
revealed that the expression of circ_0000745
was significantly downregulated in GC and cor-
related with tumour differentiation and tumour
nodal metastasis. Zhao et al. [52] showed that
circ_00000181 was downregulated in GC and
associated with multiple clinicopathologic fac-
tors, such as TNM classification and differentia-
tion. As mentioned above, Lai et al. [47] not
only studied the microarray data but also vali-
dated the expression of circ_0047905, circ_
0138960, and circRNA7690-15 by qRT-PCR.
The area under the ROC curve (AUC) for these
three circRNAs was 0.85, 0.647 and 0.681,
respectively. Similarly, Shao et al. [53] reported
that a total of 308 circRNAs were aberrantly
expressed in GC tissues by microarray, 107 of
which were upregulated and 201 of which were
downregulated. Circ_0014717 was one of the
most downregulated circRNAs and its downreg-
ulation in GC tissues and stable existence in
human gastric juice has been confirmed. QRT-
PCR results also showed that circ_0001895
were downregulated in both GC tissue and
gastric precancerous lesions compared with
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healthy control tissues, with a significant cor-
relation with cell differentiation [54]. In further
studies, Sun et al. [55] demonstrated that the
expression level of circ_0000520 was down-
regulated in GC tissues, plasma, and GC cell
lines and may serve as a novel biomarker with
the area under the ROC curve (AUC) was 0.8967
in plasma. Lu et al. [56] showed that circ_
0006633 was downregulated in GC samples
and correlated with cancer distal metastasis
and tissue carcinoembryonic antigen level. Tian
et al. [57] reported a study that circ_0003159
had a down-regulated expression in GC tissues
compared with adjacent noncancerous tissues
and negatively associated with gender, distal
metastasis, and the TNM stage. The expres-
sion of circ_0000190 was downregulated in
GC tissues and plasma samples and related
with tumour diameter, lymphatic metastasis,
distal metastasis and TNM stage [58]. Li et al.
[59] found that the expression of circ_0001649
in GC tissues and preoperative serum was
notably decreased and AUC was up to 0.834.
CircPVRL3, also termed circ_0066779, was
downregulated in GC tissues and associated
with TNM stage [60]. The AUC of circPVRL3 was
0.7626 in all samples, and up to 0.805 in GC
patients with advanced (Ill-IV) TNM stages [60].
Rong et al. [61] showed that circ_0066444
was upregulated in GC and associated with
lymph node metastasis. Li et al. [48] performed
RT-droplet digital PCR (ddPCR) to validate
microarray results and confirmed the downreg-
ulation of circ_0001017 and circ_0061276.
The AUC for combined circ_0001017 and
circ_0061276 results was up to 0.966 with
95.5% sensitivity and 95.7% specificity, indicat-
ing the potential role of these circRNAs as bio-
markers to screen GC and evaluate prognosis.
A larger cohort of patients is still needed to con-
firm its clinical value.

In summary, various aberrantly expressed cir-
cRNAs have been reported to have the poten-
tial to serve as prognostic biomarkers for the
diagnosis of GC (Table 1). However, it is pivotal
to develop more functional investigation of
these circRNAs to confirm their relation with GC
and discover novel therapeutic targets.

CircRNAs act as miRNA sponge in GC

Recently, emerging evidence has shown that
some circRNAs act as miRNA sponge and inter-
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act with RBPs involved in the progression and
metastasis of GC (Table 2).

A study on the expression of circLARP4 in GC
tissues has revealed that circLARP4 was down-
regulated and can act as an independent prog-
nostic factor for overall survival of GC patients
and patients with adjuvant chemotherapy [62].
Further studies revealed that circLARP4 can
serve as a sponge of miR-424-5p and regulate
the expression of LATS1 and YAP gene, subse-
quently inhibiting DNA synthesis, proliferation,
and invasion of GC cells [62].

CircPVT1, a circRNA screened by circRNA micro-
array and validated by gqRT-PCR, was upregu-
lated in patients with GC [63]. The target mRNA
PVT1 was involved in many human cancers and
associated with poor prognosis via the regula-
tion of protein stability of oncogenes, especially
the myelocytomatosis (MYC) [64]. CircPVT1
also can facilitate the expression of MYC pro-
tein by sponging let-7b and promote the prolif-
eration of GC cells [63]. Additionally, circPVT1
can facilitate the expression of miR-125 target
E2F2 by acting as a sponge of the tumour sup-
pressor miR-125 [63]. Although circRVT1 acted
as an oncogene in vitro, circPVT1 was negative-
ly associated with T4 stage and perineural inva-
sion, and high expression was associated to
the overall survival of GC patients [63]. The
positive correlation between circPVT1 and
tumour suppressor miR-125 may account for
this discordant result.

Unlike other downregulated circRNAs acting as
suppressor genes, Li et al. [49] showed that the
knockdown of circ_0000096 greatly inhibited
cell proliferation and migration in vitro and in
vivo by reducing the expression of cyclin D1,
cyclin-dependent kinase 6 (CKD6), matrix
metalloproteinase-2 (MMP-2) and MMP-9. The
existence of ceRNA may help explain for this
discordant result. The gRT-PCR results showed
that circ_0000096 can serve as miRNA spong-
es and inhibit the expression of miR-224 [49].

Additionally, Zhang et al. [65] identified 46 dif-
ferently expressed circRNAs by microarray and
further screened 4 circRNAs by gRT-PCR. A
four-circRNA-based classifier was constructed
to evaluate the early recurrence of stage Ill GC
after radical surgery [65]. CircRNA_100269,
one of the predictor circRNA in the classifier,
was negatively correlated with miR-630 [66].
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Table 1. The potential biomarkers and diagnostic value of circRNAs in GC

) ) ) Gene ) Diagnostic ability
CircRNA (alians) Chromosome Regulation Functions - Ref.
symbol Patients (No.) AUC SEN SPE Cut-off
hsa_circ_002059 (hsa_circ_0000140) chri l KIAAO907 - 101 (tissues) 0.730 0.810 0.620 12.90 [14]
36 (plasma)
hsa_circ_0000096 chrl l HIAT1 Proliferation (+), Migration (+) 101 (tissues) 0.820 0.880 0.560 12.90 [49]
hsa_circ_0058246 chr2 1 VIL1 - 43 (tissues) [50]
hsa_circ_0000745 chr17 l SPECC1 — 60 (tissues) [51]
60 ( plasma) 0.683 0.855 0.450
hsa_circ_0000181 chrl l TATDN3 - 115 (tissues) 0.756 0.590 0.852 9.40 [52]
102 (plasma) 0.756 0.990 0.206 7.27
hsa_circ_0047905 chr9 1 SERPINB5 Proliferation (+), Invasion (+) 31 (tissues) 0.850 - [47]
hsa_circ_0138960 chro 1 GDA Proliferation (+), Invasion (+) 31 (tissues) 0.647 - [47]
circRNA7690-15 Chr18 1 GDA Proliferation (+), Invasion (+) 31 (tissues) 0.681  — [47]
hsa_circ_0014717 chrl l CCT3 - 96 (tissues) 0.696 0.594 0.813 [53]
hsa_circ_0001895 chr9 1 PRRC2B - 96 (tissues) 0.792 0.678 0.857 9.53 [54]
hsa_circ_0000520 chri4 l RPPH1 - 56 (tissues) 0.613 0.536 0.857 [55]
45 (plasma) 0.897 0.824 0.844
hsa_circ_0006633 chri l FGGY - 96 (tissues) 0.741 0.600 0.810 8.17 [56]
20 (plasma)
hsa_circ_0003159 chr7 1 CACNA2D1 - 108 (tissues) 0.750 0.852 0.565 12.31 [57]
hsa_circ_0000190 chrl l CNIH4 - 104 (tissues) 0.750 0.721 0.683 6.83 [58]
104 (plasma) 0.600 0.414 0.875 3.07
hsa_circ_0001649 chré l SHPRH - 76 (tissues) 0.834 0.711 0.816 0.23 [59]
hsa_circ_0066779 (circPVRL3) chr3 l PVRL3 Proliferation (-), Migration (-) 62 (tissues) 0.763 0.903 0.564 [60]
hsa_circ_0066444 chr3 1 ADAMTS9 Proliferation (+), Invasion (+), Migration (+) 88 (tissues) 0.733 0.708 0.689 [61]
hsa_circ_0001017 chr2 l XPO1 - 121 (tissues) 0.732 0.702 0.620 [48]
121 (plasma) 0.849 0.758 0.959
hsa_circ_0061276 chr21 l NRIP1 - 121 (tissues) 0.780 0.636 0.769 [48]
121 (plasma) 0.851 0.676 0.897
“1": down-regulation; “1”: up-regulation; “(+)": stimulatory roles; “(-)": inhibitory roles.
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Table 2. The validated circRNA with potential therapeutic functions in GC

CircRNA (alians) Chromosome Regulation s(;:ﬁrtl)f)l Functions Possible mechanisms Ref.
hsa_circ_101057 (circLARP4) chrl2 1 LARP4  Proliferation (-), Invasion (-) miR-424-5p sponge/AGO2 [62]
circPVT1 chr8 1 PVT1  Proliferation (+) miR-125 sponge/E2F2; let-7b sponge/MYC [63]
hsa_circ_0000096 chrl l HIAT1  Proliferation (+), Migration (+) miR-224 sponge/cyclin D1, CKD6, MMP-2, MMP-9 [49]
hsa_circ_100269 chrl | LPHN2  Proliferation (-) miR-630 sponge [65, 66]
hsa_circ_0066779 (circPVRL3) chr3 | PVRL3  Proliferation (-), Migration (-) miRNA sponge/AGO02, FUS, LIN28A, EIF4A3; protein translation [60]
hsa_circ_0066444 chr3 1 ADAMTS9 Proliferation (+), Invasion (+), Migration (+) miRNA sponge [61]
circ_ZFR chr10 1 PTEN  Proliferation (-), Apoptosis (+), Tumorigenesis (+) miR-130a sponge; miR-107 sponge/p53 [67]
hsa_circ_0001946 (ciRS-7, cdrlas) chrX 1 Cdrl  Proliferation (+), Invasion (+), Migration (+), Apoptosis miR-7 sponge/PTEN, PI3K, AKT [69]
(-), Tumorigenesis (+)
circHIPK3 chrll 1 HIPK3  Proliferation (+) miR-124 sponge; miR-29b sponge [71]
hsa_circ_104916 chr9 1 NEK6  Proliferation (-), Invasion (-), Migration (-) EMT/E-cadherin, N-cadherin, vimentin, slug [75]
hsa_circ_0023642 chril 1 UVRAG Proliferation (+), Invasion (+), Migration (+), Apoptosis (-) EMT/vimentin, snail, E-cadherin, N-cadherim [77]

“|": down-regulation; “1": up-regulation; “(+)": stimulatory roles; “(-)": inhibitory roles.

1927 Am J Cancer Res 2018;8(10):1919-1932



The role of circular RNAs in gastric cancer

These results suggest a correlation between
circRNA_100269 and miR-630 in inhibiting the
proliferation of GC cells [66].

Sun et al. [60] revealed that the downregulation
of circPVRL3 in GC patients and the knockdown
of circPVRL3 by small interfering RNAs (siRNAs)
promoted proliferation and migration in GC
cells. The prediction and annotation revealed
that circPVRL3 can interact with target mRNA
and bind to AGO2, FUS, LIN28A, and EIF4A3
due to the potential interaction with 9 miRNAs.
Rong et al. [61] showed that an upregulated cir-
cRNA in GC, circ_0066444, can promote cell
proliferation, invasion, and migration. The net-
work prediction prognosis of 5 miRNAs, includ-
ing miR_1282, miR-1243, miR-1178, miR-638
and miR-451 interact with circ_0066444. How-
ever, these functions in circPVRL3 and circ_
0066444 still need more biologic evidence to
confirm these effects.

Circ_ZFR is transcribed from PTEN, a known
tumor suppressor [67]. Circ_ZFR was found to
be decreased in GC tissues and cells compared
with negative control [68]. Acting as a sponge
for miR-107 and miR-130a, circ_ZFR promoted
p53 expression and impeded cell propagation,
induced cell cycle arrest and promoted apopto-
sis in vitro, and curbed GC tumour growth in
vivo [68]. These data suggest that the circZFR-
miR-130a/miR-107-PTEN axis may be of inter-
est as a potential therapeutic target for GC.

CiRS-7 is a special circRNA that functions as a
super sponge of miR-7 and is aberrantly
expressed in many cancers [28]. In GC, Pan et
al. [69] reported that ciRS-7 was significantly
upregulated in tissues and correlated with poor
survival of GC patients. The over-expression of
CiRS-7 can repress the activity of miR-7, subse-
quently increasing the level of miR-7 targets
PI3K, AKT phosphorylation and decreasing the
expression of PTEN. Further studies demon-
strated that ciRS-7 blocked the miR-7-mediated
cell proliferation suppression, migration sup-
pression, apoptosis promotion and tumouri-
genesis inhibition in vitro and in vivo.

CircHIPK3 is an abundant circRNA with multiple
miRNA binding sites [70]. Cheng et al. [71]
reported that circHIPK3 can serve as sponges
of miR-124 and miR-29b and is involved in the
proliferation of GC cells. The circHIPK3 level
was upregulated in the GC tissues and closely
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correlated with T stage and Ming’s classifica-
tion. The level of circHIPK3 negatively correlat-
ed with the levels of miR-124 and miR-29b. The
authors emphasized the significant function of
circRNA-miRNA-mRNA network in the progres-
sion of GC.

circRNA act as RBP sponge in EMT in GC

In the EMT program, epithelial cells transition
into mesenchymal cells that can invade the
extracellular matrix [72]. Because this process
is related to the invasion and metastasis of
cancer cells, the EMT-targeting strategies may
reveal new therapeutic intervention in cancer
initiation and progression [73]. Many complex
mechanisms regulate the process of EMT,
including the interaction of QKI protein and cir-
cRNAs [23, 74]. Circ_104916 was downregu-
lated in GC and associated with deep invasion,
tumour stage and lymphatic metastasis [65,
75]. Li et al. [75] showed that circ_104916
could suppress the proliferation, invasion and
migration abilities of GC cells by decreasing the
expression of Slug. Slug is one of the zinc-finger
transcription factors and can act as the repres-
sor of the epithelial molecule E-cadherin [76].
They found the upregulation of E-cadherin and
the downregulation of the mesenchymal mole-
cule N-cadherin by Western blot after over-
expression of circ_104916, suggesting the
regulation of circ_104916 in EMT [75].

An upregulated circRNA in GC, CircRNA_
0023642, was screened by circRNA microarray
and validated by qRT-PCR [42, 77]. The down-
regulation of circRNA_0023642 by siRNA can
reduce cell proliferation, invasion, and migra-
tion and promote cell apoptosis in GC [77]. The
downregulation of EMT-related gene N-cad-
herin, vimentin, and snail, and the upregulation
of E-cadherin indicated the involvement of cir-
cRNA-0023462 in EMT signalling pathway [77].

Conclusion and future perspectives

As high throughput sequencing technologies
and bioinformatics are advancing, growing evi-
dence has demonstrated that numerous cir-
cRNAs are aberrantly expressed in GC tissues.
Some differentially expressed circRNAs are cor-
related with the clinicopathological features in
GC patients. Moreover, the differential expres-
sion exists and increases during the tumouri-
genesis, proliferation, metastasis, and apopto-
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sis of GC. Recent studies confirmed that cir-
cRNAs can function as miRNA sponges, RBP
sponges and EMT regulators that modulate
target miRNAs and proteins and contribute to
GC progression. Given the characteristics of cir-
cRNAs, such as abundance, stability, and pres-
ence in different body fluids, some dysregulat-
ed circRNAs are promising diagnostic biomark-
ers and therapeutic targets.

The complete biological and molecular func-
tions of circRNAs in GC remain uncertain.
Although recent studies demonstrated that a
number of circRNAs have the potential to serve
as noninvasive diagnostic and prognostic bio-
markers, suitable circRNAs acting as indepen-
dent biomarkers of GC have not yet been dis-
covered. One circRNA may be combined with
multiple other circRNAs or conventional cancer
biomarkers to improve the sensitivity and spec-
ificity of diagnosis of GC [49, 65]. More exten-
sive studies are needed to fully understand the
specific expression of circRNAs, eliminate the
effects of secondary expression in other tis-
sues and identify the best body fluids for cir-
cRNA detection. It is also important to find
more suitable circRNAs with high diagnostic
abilities of GC in the future.

Although microarray chip technology identified
a large number of dysregulated circRNAs in GC,
only a small number of functional circRNAs
have been validated and elucidated. Most of
the recent studies focused on the functions of
circRNAs as miRNA sponge and interactor with
RBPs in the proliferation, invasion, apoptosis,
and migration of GC cells. As one circRNA can
interact with several miRNAs, including tumour
suppressor, tumour oncogene, and drug resis-
tance-related gene, circRNA can perform dive-
rse functions via the action of ceRNA [63]. It is
possible that unlike traditional ncRNAs, not all
upregulated circRNAs act as oncogenes and
not all downregulated circRNAs act as suppres-
sor genes [49, 63]. Therefore, enhancing the
interaction of circRNAs with oncogene miRNAs
can weaken carcinogenicity whereas attenuat-
ing the interaction of circRNAs with suppressor
miRNAs can enhance the antitumour effect,
subsequently providing novel insight into thera-
peutic targets for GC. It is also urgent to explore
more functional circRNAs and elucidate their
biological functions and molecular mecha-
nisms in the progression of GC. As our under-
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standing of the relation between circRNAs and
GC advances, more diagnostic and therapeutic
protocols will be developed to contribute to the
prevention and early treatment of GC.
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