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Abstract

Background: Gastric cancer (GC) is recorded as the fifth most
common cancer globally. The classic resemblance of early
symptoms of chronic gastritis including nausea, dysphagia,
and dyspepsia with GC is the current challenge limiting the
early diagnosis of GC. The current diagnostic procedures of
GC are limited due to their invasive nature. This directs the
research question toward alternative approaches, specifical-
ly at the molecular level. Recent advances in molecular regu-
lation of cancer suggest the prominence of circular RNAs
(circRNAs) in the multistep process of tumourigenesis. Sum-
mary: CircRNAs are a class of non-coding RNAs, abundant in
eukaryotes, with key roles in regulating genes and miRNAs
aswell as the alteration of processes involved in pathological
conditions. Research studies have demonstrated the partici-
pation of circRNAs in the initiation and progression of tu-
mours. This review provides a comprehensive insight into
the potential of circRNAs as disease biomarkers for the early
detection and treatment of GC. Key Messages: This study is
an amalgamation of the implications and future prospects of
circRNAs for the detection and potential treatment of GC.
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Introduction

Gastric cancer (GC) is the fifth most common malig-
nancy worldwide and has the third highest mortality rate
[1]. The late-onset nature of the symptoms and their sim-
ilarity to those of chronic gastritis is a major contributing
factor to its late diagnosis and high mortality rate. The
limited understanding of the pathways associated with
the disease directs the need for intensive research.

Over the previous decade, the functionality of non-
coding RNAs (ncRNAs) has received a great deal of atten-
tion. The role of such molecules in regulation and signal
transduction cannot be ignored. Studies have focused on
discovering the relationship between ncRNAs and hu-
man diseases. Among these, the connection between circ-
RNAs and cancer, particularly GC, has been explored
with increasing fervour.

CircRNAs were discovered through hydrodynamic
and thermodynamic analysis of isolated tomato RNA vi-
roids [2]. The novel functions of circRNAs in gene regu-
lation were elucidated by studies on the cerebellar degen-
eration-related protein 1 (CDR1) [3]. With high-through-
put sequencing and bioinformatic tools, circRNA families
have been established as facilitators of gene expression in
human cells [4].

Molecular regulation is a crucial mediator of carcino-
genesis, controlling a host of cascades involving genes
and signalling molecules. The participation of circRNAs
in the initiation and progression of tumours along with
its contribution to early detection and treatment of GC is
elaborated in this review.
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Biogenesis

Previously, circRNAs were thought to be a splicing er-
ror of exon-skipping events [5]. They are synthesized
through backsplicing of heteronuclear RNA, differing
from the typical 5'-3" manner, catalysed by the spliceoso-
mal machinery or by ribozymes [6]. The primary ques-
tion in biogenesis was the method of circularization. The
process can be represented by 2 major models of circular-
ization; the lariat-mediated method and the intron-
paired-mediated method. The former involves covalent
binding between the 3’ splice donor and the 5 splice ac-
ceptor [7] while the latter takes place by complementary
base-pair binding between the intronic motifs flanking
the circularized exon [8]. It is still uncertain as to which
of these models is accurate or whether they occur simul-
taneously.

CircRNAs can be structurally classified as follows:

1. Exonic circRNAs (EcRNAs): they constitute an exon-
containing lariat, containing either single or multiple
exons, finally spliced into an exon circle [7].

2. Exon-intron circRNAs (EIciRNAs): in case of reten-
tion of an intron between the exons, the transcript cir-
cularizes to form EIciRNAs [7].

3. Intronic circRNAs (ciRNAs): they involve binding of
a 7-nucleotide GU-rich component proximal to the 5'
splice site and an 11-nucleotide C-rich component
proximal to the branchpoint site during backsplicing
[9].

EcRNAs are detected primarily in the cytoplasm
[10], while ciRNAs and EIciRNAs are more prominent
in the nucleus [9, 11]. Synthesis of circRNAs involves a
plethora of regulators, namely, intronic sequences, en-
zymes, and protein factors. Of these molecules, the
most frequently observed are adenosine deaminase
which acts on RNA [12] and RNA-binding proteins
(RBPs), particularly Quaking protein [13] and muscle-
blind-like splicing regulator 1 [14]. Backsplicing is a
naturally slow process due to the influence of pre-
mRNA splicing and distances between RBP-induced
splicing sites. Other contributing factors include the ac-
tivity of RNA rapid polymerase II, cis-acting elements,
and feedback mechanisms [15]. The cellular concentra-
tion of circRNAs is dependent on the regulatory activ-
ity of these molecules.

A significant portion of intracellular circRNAs is scav-
enged by the extracellular vesicles (EVs). The EVs rupture
to release circRNAs into the extracellular fluid, from
where it is recruited to its designated pathway [16].
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Properties

Characterization of circRNAs has taken prominence
in biomolecular research owing to their unique structure
and nature that stand out from other ncRNAs. With ad-
vancing RNA-sequencing technology, thousands of cir-
cRNAs have been identified in eukaryotes, and the mech-
anism of synthesis creates diversity in the circRNA popu-
lation [17]. Due to their stability and a long half-life,
circRNAs are nearly 10 times more abundant than linear
RNAs in cells, extracellular fluid, and body fluids [18].
Evidence for the diverse nature of circRNAs was obtained
in a study that detected 25,000 circRNAs in human fibro-
blasts alone [7].

CircRNAs are resistant to ribonucleases unlike linear
RNAs [19]. Resistance to these enzymes is attributed to the
covalently closed structure without 3'/5" end polarity and a
polynucleotide tail [20]. The expression patterns of circ-
RNAs are highly conserved, observed through studies per-
formed on plants, mice, zebrafish, and humans [21, 22].

The expression of circRNAs is known to be cell-type
specific [23]. The specificity of circRNAs is particular to
the tissue type and organism and at times even to differ-
ent species as well. This aspect of circRNAs promotes its
usage as a target of disease discovery and treatment. Ex-
tensive research has indicated that circRNAs mediate sev-
eral molecular events in cancer such as the regulation of
proliferation and metastasis [24]. Prominently, their sta-
ble expression in saliva, blood, and exosomes make them
suitable biomarkers for studies in GC [20].

Functions

CircRNAs have the primary function of regulating
gene expression by acting as miRNA sponges. As men-
tioned earlier, circRNAs are transported out of cells via
EVs and acquired by other cells through the intake of the
EVs, suggesting their contribution to cell signalling [25].
CircRNAs have the potential to be translated into func-
tional proteins as a result of backsplicing [4, 20, 26].

MicroRNA Sponging

CircRNAs function as miRNA sponges to sequester
miRNA and prevent them from binding to target genes.
Multiple target sites have been identified by bioinformat-
ic prediction tools and high-throughput sequencing anal-
ysis of circRNA-miRNA interactions. For instance, RBP
sites and the Argonaute protein family-binding site have
been located on circRNAs [27-30].
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The earliest identified functional feature of circRNAs
was that of a microRNA (miR) sponge which sequesters
and regulates the activity of specific miRs. The trailblaz-
ing example of cerebellar degeneration-associated pro-
tein 1 antisense transcript (CDRlas) showed that the
molecule contains over 70 miR-7-binding domains which
modulate the degradation of mRNA [30]. Such effects on
this miR could thus lead to functional changes, such as
the interaction of Cdrlas/miR-7 which was reported to
affect p-cell function and enhance insulin secretion [31].

The multiple miR-binding sites observed on various
other circRNAs such as CCDC66 suggest their ability to
parallelly regulate various miRs. For instance, circHIPK3
binds to and inhibits the activity of miR-124 and also se-
questers miR-379 which targets insulin-like growth fac-
tor 1 (IGF1) [32-34].

It is important to note that very few exceptional circ-
RNAs, including the ones mentioned here, have docu-
mented proof of this unique function. Sponging capabili-
ties could be attributed to circRNAs with higher expres-
sion levels [35], though experimental validation is needed
via stoichiometric analysis.

CircRNAs have been shown to compete with mRNAs
for miRNA binding in the cytoplasm [18]. CircRNAs act
as competing endogenous RNA (ceRNA) which is rele-
vant to signal transduction processes in tumour progres-
sion including cell proliferation, invasion, migration, and
apoptosis. CircRNAs acting as ceRNAs absorb miRNA
and competitively inhibit them, thus blocking miRNAs
from regulating the expression of target genes.

This results in the alteration of cell function and growth
[32, 36]. Abundantly expressed circRNAs such as circ-
HIPK3 have been found to regulate cell growth by spong-
ing multiple miRNAs [32], and the circRNA HRCR has
been found to sponge and thus inhibit miR-223, causing
alterations in hypertrophic responses [37].

The involvement of circRNAs in signalling processes
has been reported in other cancers. The circRNA CDR1as
inhibits miRNA-7 (which acts as a tumour suppressor on
EGFR and IGF-IR/PTEN/PI3K/AKT pathways), thus
stimulating cell proliferation in colorectal cancer [38].
The expression of hsa_circ_0001982 has been reported to
be increased in breast cancer tissue; bioinformatic predic-
tion tools suggest thatits target miRNA is miR-143 (which
behaves as a tumour suppressor). The inhibition of miR-
143 by this circRNA was seen to alter cellular activity by
promoting the proliferation and invasion of breast cancer
cells [39]. CiRNAs and EIciRNAs (which retain some in-
trons) can regulate alternative splicing, transcription, and
the expression of parental genes [40].

CircRNAs: Insights into Gastric Cancer

Transcription and Splicing Regulation

The ciRNAs and EIciRNAs, abundantly present in the
nucleus, play roles in the regulation of transcription of
host genes [11]. The biogenesis of circRNAs during cir-
cularization is suggested to compete with the spliceosome
machinery involved in the splicing process of pre-mRNA
to linear RNA. Thus, as more circRNAs are generated,
fewer linear mRNAss are generated; this can be attributed
to the negative correlation between circRNA levels and
splicing activity. The resulting mRNA also lacks exons as
these exons are incorporated into the circRNAs. This
form of exon skipping during circularization plays a sig-
nificant role in regulating the expression of genes [14, 41,
42].

Upon forming complexes with U1 spliceosomal RNA
(U1 snRNP) and RNA polymerase II (Pol II), EIciRNAs
like EIciEIF3] and EIciPAIP2 can strengthen transcrip-
tion of parental genes [9]. EIciEIF3] and EIciPAIP2 were
shown to intervene in the transcription of EIF3] and
PAIP2 parent transcripts and lowered their levels in a cis-
acting fashion. Furthermore, as these EIciRNAs are not
limited to their parental gene loci, it is likely that they may
also have transeffects, perhaps altering the transcription
of genes on distal loci [43]. This highlights their roles in
promoting gene transcription, but in this particular case,
the genes they upregulate, that is, Eukaryotic Translation
Initiation Factor 3 Subunit J (EIF3]) and poly(A)-binding
protein interacting protein 2 (PAIP2), also have roles in
protein synthesis. This could imply that the respective
circRNAs may indirectly alter protein expression.

Studies on backsplicing knockouts of circRNAs from
the formin (Fmn) gene in mice provided evidence for the
regulatory functions of circRNAs in transcription [44].
CDRI, a circRNA seen to cause cell proliferation in
colorectal cancer [38], was identified as a post-transcrip-
tional regulator by acting as an miR-7 sponge in brain
tissues of mice and zebrafish, which impaired midbrain
development in zebrafish [22]. The stronger regulatory
function of a single exon compared to exon-intron and
intron-intron was elucidated. This suggests that ECRNAs
could act as “mRNA traps” by sequestering the transla-
tion start site, leading to the formation of dysfunctional
transcripts [7].

Protein Interactions

The interactions of circRNAs with RBPs is another well-
known function. An instance of circRNA-protein interac-
tion is that of circMbl binding to the muscleblind (MBL)
protein which is a splicing factor known to promote circ-
Mbl production. This circRNA was suggested to be in-
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volved in the regulation of levels of MBL by sponging out
excess MBL proteins. In fact, MBL was suggested to in-
crease the generation of circMbl when MBL is in excess, in
order to control its levels [14]. CircRNA-protein interac-
tions have been shown to be important for post-transcrip-
tional regulation and are also associated with cell cycle pro-
gression based on the discovery of the ternary complex
circ-Foxo3-p21-CDK2 [45]. The involvement of the cir-
cRNA circ-Foxo3 in this regulatory network highlights its
role in the regulation of increased cancer cell proliferation.
Other circRNAs should also be assessed for this function.

Translated CircRNAs

Despite being known to be “non-coding” in nature,
certain circRNAs possess internal ribosome entry site el-
ements which enable translation of the circular molecule
to generate high-molecular-weight polypeptides. This
novel feature, attributed to circ-SHPRH, has been proven
to be beneficial for activities like tumour suppression in
glioblastomas [45, 46].

Synthetic exon-exon circRNAs have been shown to
have protein-coding capacity; for example, Circ-FBXW7,
an exon-exon circRNA, encodes a protein, FBXW7-185aa
[47]. A recent study showed that the expression of hsa_
circ_0000423 (also known as circPPP1R12A) was signifi-
cantly increased in colon cancer (CC) cells. These re-
searchers further demonstrated that this circRNA en-
codes a conserved 73-aa peptide, PPP1R12A-C; this
peptide itself, and not the circRNA, promoted the growth
of CCcellsinvitroandinvivo.Inaddition, circPPP1R12A-
73aa, a functional protein encoded by the same circRNA,
promoted the growth and metastasis of CC by activation
of the Hippo-YAP signalling pathway [48]. Thus, some
circRNA, including those that act as ceRNA, can be trans-
lated into biologically relevant peptides [49] such as those
encoded by circRNAs with suppressive properties in gli-
oma [50]. The biogenesis and functions of circRNAs are
depicted in Figure 1.

Significance of circRNA in GC

The therapeutic potentials of circRNAs are beginning
to emerge, based on the association of circRNA with dis-
eases via its interaction with respective miRNAs associ-
ated with the respective disease. MiRNA-circRNA inter-
actions are being evaluated by bioinformatic analyses
[28-30] and Gene Ontology enrichment analyses to ob-
serve the enrichment of genes associated with particular
biological processes [51].
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The association of circRNAs with cancer-related mi-
RNAs highlights the significance of circRNAs in cancer,
and particularly GC. Therefore, these oncogenic and tu-
mour-suppressing functions bring about alteration of the
proliferation, invasion, and migration of GC cells. By
their action on miRNAs, they influence downstream
miRNA molecular signalling pathways including PTEN,
CREBI, CDK6, NR4A2, NEK2, MAP7, AKT3, and miR-
646/CD6, among others [52, 53].

Several studies have demonstrated the miRNA-spong-
ing capabilities of circRNA in GC; for example, the circ-
RNA ciRS-7 is overexpressed and thus nullifies the effect
of miR-7-induced tumour suppression via the PTEN/
PI3K/AKT signalling pathway [54]. This was linked to the
promotion of proliferation, inhibition of apoptosis, and
correlation between TNM stage and poor survival time.
CircPVT1 is upregulated in GC and may promote cell
proliferation by sponging members of the miR-irs125
family [55]. Hsa_circ_0081143 was reported to promote
the proliferation and invasion of GC cells; interestingly,
this circRNA reduced the sensitivity of GC cells to cis-
platin in vitro. In contrast, hsa_circ_0081143 was sup-
pressed in vivo, along with reduced growth of GC cells
and enhanced sensitivity to cisplatin. Further analysis re-
vealed that this circRNA sponges and thus regulates miR-
646, which further interacts with CD6. The provocative
suggestion is that hsa_circ_0081143 may play an onco-
gene-like role as a mediator of GC progression [53].

Expression profile analysis of circRNAs by high-
throughput microarrays showed a significant difference
between the expression of circRNAs in GC tissue and
healthy non-tumour tissue. Among 308 circRNAs stud-
ied, 34.7% were upregulated while 65.26% were down-
regulated. Many of the circRNAs aberrantly expressed in
GC are neither over- nor underexpressed in other cancer
tissues, suggesting distinct expression patterns of circ-
RNA in GC.Forexample, thecircRNA, hsa_circ_0014717,
was downregulated in 77.2% of GC tissues.

The same trend of downregulation of this circRNA
was seen in chronic atrophic gastritis, a known risk factor
of developing GC. Moreover, its levels correlated with tu-
mour stage, distal metastasis, and expression of tissue car-
cinoembryonic antigen and carbohydrate antigen 19-9
which are also prognostic markers of GC. The ability of

Fig. 1. Biogenesis and functions of circRNAs. CircRNA, circular
RNA; miRNA, microRNA; EcRNA, exonic circular RNA; Elci-
RNA, exon-intron circular RNA; ciRNA, intronic circular RNA;
IRES, internal ribosome entry site; Ul snRNP, Ul small nuclear
ribonucleoprotein particle; RNA POL II, RNA polymerase II.

(For figure see next page.)
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hsa_circ_0014717 to stably exist in gastric juice is also a
significant finding, as it may hold promise as a biomarker
for GC [56]. However, certain discrepancies do exist such
as with the circRNA hsa_circ_0074362; it was reported to
be one of the top 10 upregulated circRNAs in GC [56],
but a more recent study claimed that the same circRNA
is significantly downregulated in GC [57].

Other studies have demonstrated different sets of
circRNAs to be upregulated or downregulated in the plas-
ma and tissue of patients with GC [48, 49]. These aber-
rantly expressed circRNAs hold much promise as bio-
markers in non-invasive tests. Therefore, they could play
major roles in the prognosis and diagnosis of GC; this will
be elaborated upon later in this review.

Although some circRNAs have been shown to promote
tumourigenesis, some inhibit tumour development and
metastasis. For example, circ_0027599 is significantly
downregulated in GC tissues and interacts with miR-101
which regulates the GC suppressor gene pleckstrin ho-
mologous domain family member 1; computational pre-
diction suggests that this interaction reduces the survival
and metastasis of GC [58]. Circ_101057 has been shown
to sponge miR-424-5p and thus acts as a tumour suppres-
sor molecule, as this miRNA family governs the expres-
sion of large tumour suppressor kinase 1 (LATS1). Over-
expression of miR-424-5p causes a decreased expression
of LATS1, which stimulates proliferation and invasion in
GC [51]. Another instance is that of tumour suppression
by hsa_circ_0001368 by sponging miR-6506-5p whose
target is forkhead box O3 (FOXO3), a tumour suppressor.
Knockout of hsa_circ_0001368 resulted in decreased ex-
pression of FOXO3, indicating that this circRNA, by its
interaction with miR-6506-5p and FOXO3, has tumour
suppressive functions [59]. Other circRNAs that are
associated with inhibition or promotion of cell prolifera-
tion, invasion, and distal and lymphatic metastasis are
hsa_circ_00000 96 [60], hsa_circ_0000190 [61],
hsa_circ_0000520  [62], hsa_circ_0000745 [63],
hsa_circ_0000467 [64], and hsa_circ_0017639 [65].

CircRNAs have also been shown to be involved in
the epithelial-mesenchymal transition (EMT), a vital
aspect in the progression of cancer metastasis. EMT is
associated with a decrease in E-cadherin and increase
in vimentin in the tumour microenvironment. Circ-
104916 is reported to upregulate E-cadherin and down-
regulate N-cadherin, vimentin, and Slug, propounding
the involvement of circRNAs in EMT during tumouri-
genesis and in turn invasion and metastasis [66]. Circ-
RNAs have been described as interacting with EMT-
transcription factors such as Snail, Twist, Slug, and Zeb
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which regulate the process of EMT and EMT-related
signalling pathways [67]. As previously mentioned,
ciRS-7 acts on miR-7 which has a tumour suppressive
role in GC. In other cancers, miR-7 has been reported
to target IGF1R [68, 69] and FAK [70] and thus upreg-
ulate E-cadherin, resulting in a decrease in EMT and in
turn suppression of metastasis [71]. This cascade can be
ultimately traced back to the interaction of ciRS-7 with
miR-7. Overexpression of ciR-7 can indirectly stimu-
late the process of EMT. However, much more research
needs to be focused on the contribution of circRNAs in
EMT in GC.

Clinical Applications of circRNAs in GC

Research focused on exosomal components and circ-
RNAs has recognized their interdependent relations with
human diseases. Recent studies have shown major in-
volvement of circRNAs in colorectal cancer [72], oesoph-
ageal cancer [73], hepatic cancer [74], urinary bladder
cancer [75], and oral squamous cell carcinoma [76],
among others. They are responsible for modifying vari-
ous pathways, including the mTOR pathway [77], NF-
kB/p65 pathway [78], and Wnt/p-catenin pathway [79],
likewise.

GCinvolves the development of malignant tumours in
the gastric mucosal epithelium, mediated by several
mechanisms mentioned earlier. These pathways differ
from the typical behaviour, creating abnormal effects on
the downstream targets. CircRNAs are key regulatory
factors involved in several pathways.

The expression levels of the GC-related circRNAs are
shown to alter with the state of the cell and the stages of
the disease progression, as seen in circRNA_100269 [44].
CircRNA_0000190 [40], circRNA_0000520 [62], circ-
RNA_LARP4 [7], etc., have been verified to be underex-
pressed in the affected tissues in comparison with the ad-
jacent normal tissues. Hence, comparative analysis be-
tween tumour environment and the normal tissue can
improve prognostic abilities.

The stable expression of circRNAs has enabled them
to be present in gastric juice and plasma, as in the case of
circRNA_0014717 [56], circRNA_0001017 [80], circ-
RNA_0061276 [80], and circRNA_0000745 [63]. The
documented correlation between tissue and plasma levels
of circRNAs establishes them as favourable blood-based
biomarkers for GC.

The major contributions of circRNAs were found to
occur in the regulation of proliferation, migration, and
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metastasis. Analysis by RT-qPCR and bioinformatic
tools highlighted that the expression levels of cir-
cPVRL3 [81], circRNA_0000096 [60], circRNA_100269
[44], circRNA_0014717 [56], and circPVT1 [73] varied
in accordance with the processes described above. A
major challenge in oncology today is the prediction of
the rate of growth and metastasis. With circRNAs as
biomarkers, such processes can be tracked in order to
generate better diagnosis and prognosis. Certain cir-
cRNAs have proven to have tumour suppressor effects.
Such activity was observed particularly in circRNA_
LARP4 [82] and circRNA-104916 [83] among others.
In conclusion, the benefits of utilizing circRNAs are its
non-invasive nature and specificity, aiding the early de-
tection of GC and predictions of the tumour growth
and metastasis.

Future Perspectives

The fascinating network of circRNAs, their behaviour
as ceRNAs, and communication with miRNAs are ex-
tremely complex. In addition, the high number of various
structures of circRNAs makes detection and identifica-
tion of their roles very challenging. Numerous aspects of
circRNAs await elucidation; these include their biogene-
sis, cellular location, regulatory mechanisms, and patho-
logical consequences. Nonetheless, there is much scope
for research on circRNAs that will lead to better progno-
sis and earlier diagnosis of GC, including possible man-
agement of GC. Appropriate upregulation and/or down-
regulation of relevant circRNAs could help manipulate
the invasion or metastatic ability of GC cells, thus im-
proving the survival rate of patients with GC.

Cachexia, a major manifestation of cancer, is charac-
terized by excessive wastage of muscle and fat, indicating
a very severe stage of the disease. One of the contributing
factors to energy wasting in cachexia is the conversion of
white adipose tissue (WAT) to brown adipose tissue. This
has been attributed to the loss of PRDM16, a transcrip-
tional coregulator which facilitates the browning process
[84, 85]. Another notable mediator of brown adipose tis-
sue is uncoupling protein 1. The browning of WAT has
been shown to occur to a 3 times greater extent in patients
with GC. Exosome delivery of circRNAs ciRS-133 de-
rived from GC cells has been demonstrated to promote
the browning of WAT by suppressing miR-133 and thus
upregulating PRDM16. Inhibition of exosome generation
and silencing of ciRS-133 expression has been proposed
as a strategy for preventing cancer-related cachexia and
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possibly for increasing the survival time of patients with
GC [86].

The proposed function of circRNAs as regulators of
the EMT pathway and metastasis is also worthy of con-
sideration. Identifying circRNAs that network with EMT-
related signalling pathways holds promise as in the case
of circ-104916 in GC [83] and circPTK2 in non-small cell
lung cancer [87]. EMT-related circRNAs could well be
considered as potential biomarkers and for therapeutic
targeting.

The unravelling of these precise molecular mecha-
nisms is likely to lead to therapeutic regimens and even to
individualized treatment. Pre-requisites include a better
understanding of the expression of novel circRNAs, their
binding targets, and downstream processes using tech-
niques such as RNA immunoprecipitation combined
with luciferase reporter assays [88] and bioinformatic and
prediction studies. Computational tools such as StarBase,
Circinteractome, Circ2Traits, and CLIP-seq [29, 51, 89,
90] as well as RNA-seq datasets and algorithms (Circ-
RNA-finder, Find-circ, and CIRCexplorer) can help in
the detection of circRNAs. RT-qPCR is quite promising
in this regard, though it is associated with false positives
and bias [91]. Other molecular techniques that show great
promise in the field of circRNA-related cancer research
include Northern blotting (to circumvent amplification-
induced problems in RT-qPCR) and fluorescence in situ
hybridization for spatial localization of circRNAs [92,
93].

Strategies for targeting circRNAs for therapy include
the induction of tumour suppressive activity via circRNA
or the alteration of their oncogenic roles by interfering
with backsplicing mechanisms [91]. For example, hsa_
circ_0081143 appears to play an oncogenic role in the
progression of GC, as well as resistance to cisplatin; this
suggests the possibility of therapeutically targeting it, par-
ticularly because its suppression revealed promising re-
sults in terms of decreased cell growth and increased sen-
sitivity to cisplatin [53]. Nanobiology may prove to be
useful in the delivery of circRNAs; a recent study used
circ-Foxo3 plasmids conjugated with gold nanoparticles
to induce tumour apoptosis via circ-Foxo3 [94].

The fascinating leads described in this review suggest
numerous opportunities for clinical applications based
on the physiological and pathological functions of circ-
RNAs. Their functional role in tumorigenesis is just start-
ing to be elucidated. What we have understood about cir-
cRNAs makes them promising candidates not just as
valuable biomarkers for cancer but also as potential tar-
gets in cancer therapy.
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Conclusion

CircRNAs offer much promise for the improvement of
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diagnosis, prognosis, and possible targeted treatment of

GC, given their impact on the cancer-related pathological
events of proliferation, invasion, and migration. They are
additionally associated with clinicopathological features

of differentiation, TNM staging, and metastasis. Further
research is awaited concerning its exact mechanisms in

these events. The use of bioinformatic analysis tools will

also play a big role in further understanding these mech-

anisms. At present, the most promising outcomes of re-
search lie in its usage as biomarkers for the early detection

and prognosis of GC.
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