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Abstract:

Gastric cancer (GC) ranks as the fifth most prevalent malignancy globally and the fifth leading cause of
cancer-related mortality. Although age-standardized incidence rates have declined gradually over recent
decades, the absolute case burden continues to rise, driven largely by population aging and demographic
growth. The clinical outlook for advanced GC remains poor, creating an urgent need to dissect the
underlying molecular mechanisms. Circular RNAs (circRNAs) are established post-transcriptional
regulators across multiple cancer types; however, the functional roles of most circRNAs in GC pathogenesis
remain poorly characterized. In this study, we identified a significantly upregulated circRNA,
hsa_circ_0008934 (designated circASAPL), in GC tissues and cell lines through microarray profiling and
gRT-PCR validation. Functional assays demonstrated that circASAP1 knockdown markedly suppressed,
while its overexpression promoted, GC cell proliferation, colony formation, DNA synthesis, migration, and
invasion in vitro. Mechanistically, circASAPL1 acts as a competitive endogenous RNA (ceRNA) by directly
sponging miR-874-3p, thereby derepressing the oncogenic target CPEB4. Luciferase reporter and RNA
fluorescence in situ hybridization (FISH) assays confirmed the direct interactions among circASAP1, miR-
874-3p, and the CPEB4 3’ untranslated region. Rescue experiments validated that the pro-tumorigenic
effects of circASAP1 are mediated, at least in part, through the miR-874-3p/CPEB4 axis. These findings
establish the circASAP1/miR-874-3p/CPEB4 regulatory cascade as a driver of GC progression and identify
circASAP1 as a candidate prognostic biomarker and therapeutic target.

Keywords: Gastric cancer, circASAP1 (hsa_circ_0008934), miR-874-3p,
endogenous RNA (ceRNA)

CPEB4, Competing

Introduction

Gastric cancer (GC) remains a formidable global
health challenge, ranking fifth in both incidence and
cancer-related mortality worldwide. Although the
age-standardized incidence rate has shown a slow
downward trend in recent decades, the absolute
number of GC cases continues to increase owing to
population aging and growth. Clinically, due to
absent or nonspecific early symptoms and the lack

of public screening awareness, more than 80% of
Chinese patients with GC are diagnosed at an
intermediate or advanced stage’. The 5-year overall
survival rate of metastatic GC is lower than 10%,
driven mainly by uncontrolled tumour cell
proliferation, early lymph node and distant
metastasis, and frequent chemotherapy resistance.
Although radical total gastrectomy, platinum-based
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chemotherapy, anti-HER2 targeted therapy, and
immune checkpoint blockade have improved
clinical management, treatment outcomes for
aggressive advanced GC remain unsatisfactory?.
Identifying the core molecular pathways governing
GC proliferation and invasion is therefore a priority
for discovering new diagnostic biomarkers and
actionable therapeutic targets>*

Non-coding RNAs have become Kkey post-
transcriptional regulators of oncogenic signalling in
digestive tract malignancies over the past decade®®.
Circular RNAs (circRNAs) are a unique class of
covalently closed single-stranded non-coding RNAs
generated by back-splicing of precursor mRNAs.
Lacking a 5’ cap and 3' poly(A) tail, circRNAs
resist RNase R degradation, conferring high
stability, tissue specificity, and detectability in
peripheral biological fluids. High-throughput RNA
sequencing and microarray analysis have confirmed
that aberrant circRNA expression patterns are
widespread in GC tissues, peripheral exosomes, and
cell lines’. These circRNAs regulate multiple

malignant  phenotypes, including cell cycle
progression, epithelial-mesenchymal transition
(EMT), glycolytic reprogramming, stem cell

maintenance, and metastatic colonization. Beyond
co-transcriptional regulation and RNA-protein
scaffold  functions, the most extensively
characterized mechanism of circRNA action in GC
is the competitive endogenous RNA (ceRNA)
sponge mechanism. MicroRNAs (miRNAs) are
~22-nucleotide non-coding RNAs that suppress
gene translation or trigger mRNA degradation by
base-pairing with complementary miRNA response
elements (MREs) in the 3’ untranslated region (3'-
UTR) of target mRNASs. circRNAs are enriched in
conserved MREs and can competitively sequester
tumour-suppressive or oncogenic miRNAs, thereby
relieving miRNA-mediated translational repression
on downstream protein-coding targets and
reshaping the oncogenic transcriptional program at
the post-transcriptional level®®.

Multiple studies published in 2025-2026 have
confirmed the pathological significance of the
CircRNA-mIiRNA-mRNA ternary axis in GC
progression. Oncogenic circRNAs typically relieve
suppression of genes that drive proliferation and
invasion by sequestering tumour-suppressive
miRNAs: hsa_circ_0002473 binds miR-873-5p to
enhance TEAD1 expression and promotes GC cell
growth and migration®?; circ-Malatl

(circ_0002082) binds miR-154-5p, upregulating the
cell cycle gene CCND2 and enhancing GC cell
proliferation'*. Conversely, downregulated tumour-
suppressive circRNAs in GC can bind oncogenic
miRNAS to restore expression of anti-proliferative
and anti-metastatic genes: circRAB31, by sponging
miR-885-5p, activates the PTEN/PISK/AKT
pathway and inhibits malignant GC progression*?.
Metabolic and microenvironmental axes further
expand this network: circDNMTL1 neutralizes miR-
576-3p to stabilize HIF-1a and enhance hypoxic
glycolysis®®, while exosome-carried circ_0006718
adsorbs miR-561-3p, upregulates SAALL, remodels
the GC stroma, and promotes invasive growth™.
Collectively, the ceRNA network centred on
circRNAs constitutes a critical regulatory layer
governing the proliferative and invasive phenotype
of GC.

Here, we analysed microarray data and identified a
novel circRNA, hsa_circ_ 0008934 (designated
circASAP1), which is upregulated in GC tissues
and four GC cell lines. We demonstrate that
CircASAP1 exerts a pro-oncogenic effect on GC
cell lines in vitro. Based on circASAPL, we
constructed a ceRNA network and confirmed that
CircASAP1 binds miR-874-3p, thereby
upregulating CPEB4 expression and promoting GC
cell proliferation, invasion, and metastasis.
Characterization of the circASAP1/miR-874-
3p/CPEB4 axis provides mechanistic insight into
GC development and identifies circASAP1 as a
candidate target for early diagnosis and therapeutic
intervention.

Materials and Methods
Clinical Specimens

From 2022 to 2023, we obtained 30 pairs of GC
tissues and adjacent normal tissues from the
Gastrointestinal Surgery Department of Chongging
University Affiliated Three Gorges Hospital. All
patients had not received  preoperative
chemotherapy or radiotherapy. Tissue samples were
immediately stored at —80 °C after surgery and
verified by two independent pathologists. This
study was approved by the Ethics Committee of
Chongging University Affiliated Three Gorges
Hospital in compliance with relevant guidelines
(approval no. 2021-26). All patients provided
signed informed consent.

Cell Culture
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Human GC cell lines (AGS, MGC-803, BGC-823,
and MKN-45), the human gastric epithelial cell line
GES-1, and HEK293T cells were obtained from the
Cell Bank of the Chinese Academy of Sciences
(Beijing, China). Cells were maintained at 37 °C in
5% CO, in RPMI 1640 medium (VivaCell,
Shanghai, China) or DMEM (Gibco, Carlsbad,
USA) supplemented with 10% fetal bovine serum
(FBS; VivaCell, Shanghai, China).

Circular RNA Microarray Analysis

Microarray analysis used five pairs of fresh GC and
adjacent non-cancer tissue samples, prepared by
CapitalBio Technology (Beijing, China). Total
RNA was extracted with TRIzol (Invitrogen,
California, USA), followed by RNase R digestion
(Epicenter; Illumina, California, USA) to enrich

G2545A instrument. Arrays were scanned with an
Agilent G2565A Microarray Scanner, raw data
were collected with Agilent Feature Extraction
software (v10.7), and normalized with Agilent
GeneSpring (Agilent Technologies, California,
USA).

RNA Extraction and gRT-PCR

Total RNA was extracted with TRIzol (TaKaRa,
Japan) per manufacturer’s instructions. cDNA was
synthesized using the PrimeScript RT kit (RRO37A,
TaKaRa Bio) or a miRNA reverse-transcription kit
(RiboBio). Quantitative real-time PCR was
performed with TB Green Premix Ex Taq I
(RR820A; TaKaRa Bio). circASAP1-specific
primers were designed by GeneSeed (Guangzhou,
China); remaining primers were purchased from

circular RNA. Enriched circRNA was amplified
and  transcribed
Hybridization was performed on an Agilent

into  fluorescent cDNA.

Sangon
sequences are listed in Table 1. Relative expression
was calculated by the

Biotech (Shanghai, China).

2 24CT method.

Table 1. Quantitative real-time PCR primer sequences

Primer

Name Primer
CircASAP1 | F.CCATCTCACATGCCACATAC R:CGCAATCTCAGCTCCTGTTA
GAPDH F-TTTGGTATCGTGGAAGGACTC R:GTAGAGGCAGGGATGATGTTCT
CPEB4 F-TGGGGATCAGCCTCTTCATA R:CAATCCGCCTACAAACACCT
AQP3 F:-TGTCACTCTGGGCATCCTCATC R:AAGCTGGTTGTCGGCGAAGT
ATXN1 F:-TGGAGGCCTATTCCACTCTC R:AATGTGGACGTACTGGTTCTG
CRCP F:-TGTGACTGCTGTGGAGATCCAG R:ATGCTGGTGACGGTGTGGAGAA
ESR1 F:GCTTACTGACCAACCTGGCAGA R:GGATCTCTAGCCAGGCACATTC
NUFIP2 F:AGCACCAGGAAACGCCGAAGAA | R:.CTTGCTGGTTGCCATTGAGGAC
TFAP2B F:CGAAATGGCTCTGGTATGGC R:GCTGAGGTTGGTGATGGTGT
Plasmid Construction and  Oligonucleotide Lipofectamine 2000 (Invitrogen, Carlsbad, USA)

Transfection

Full-length hsa_circ_0008934 was amplified by
PCR and seamlessly cloned into the pLC5-ciR
vector to establish a cell line stably expressing
circASAPL. This was carried out by Guangzhou Jisi
Biotechnology Co., Ltd., which also designed
specific si-circASAP1 and a negative-control
SiRNA (si-NC). siRNA transfection used the
RiboFECT™ CP kit (RiboBio, Guangzhou, China)
per manufacturer’s instructions. Knockdown and
overexpression efficiency of CcircASAP1 were
verified by gRT-PCR. Plasmid transfection used

per manufacturer’s instructions. siRNA, miRNA
mimic, and miRNA inhibitor sequences are listed in
Table 2.

Fluorescence in Situ Hybridization (FISH) Assay

Cy3-labeled circASAP1 and Cy5-labeled miR-874-
3p probes (GenePharma) were detected using a
FISH kit (RiboBio). Probes were hybridized
overnight; nuclei were counterstained with DAPI.
Images were captured with an LSM800 laser
scanning confocal microscope (Carl Zeiss
Microscopy, Jena, Germany). Probe sequences are
listed in Table 2.

Table 2. Nucleotide sequences of siRNA and probes

Name

Sequences

si-CircASAP1-1

CUCACAUGCCACAUACAAA(T)(dT)
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Si-CircASAP1-2

UCACAUGCCACAUACAAAA(AT)(dT)

si-CircASAP1-3

GCCACAUACAAAAAUUGAG(dT)(dT)

miR-874-3p mimics

CUGCCCUGGCCCGAGGGACCGA

miR-136-5p mimics

ACUCCAUUUGUUUUGAUGAUGGA

mimic-NC

CUGAGGGUGCCCACCGCCCGAG

inhibitor

UCGGUCCCUCGGGCCAGGGCAG

FISH probe of circASAP1

TTTTTGTATGTGGCATGTGAGAT

FISH probe of miR-874-3P

TCGGTCCCTCGGGCCAGGGCAG

Cell Proliferation and Colony Formation Assay

Transfected GC cells (2 x 10° per well) were
seeded in 96-well plates and cultured for 0, 24, 48,
and 72 h. Cell viability was assessed by adding 10
uL CCK-8 reagent (MedChemExpress, New Jersey,
USA) for 2 h and reading absorbance at 450 nm.
For colony formation, transfected cells (6 x 10° per
well) were seeded in 6-well plates and cultured for
8 days, then fixed with paraformaldehyde
(Servicebio, Wuhan, China) and stained with
crystal violet (0.1%) (Solarbio, Beijing, China).
Colonies were imaged with a CanoScan 9000F
Mark Il scanner (Canon, Tokyo, Japan).

5-Ethynyl-2'-deoxyuridine (EdU)
Assay

Incorporation

Transfected GC cells (2 x 10° per well) were
seeded in 96-well plates and grown to logarithmic
phase. EdU incorporation was assessed with the 5-
ethynyl-2'-deoxyuridine (EdU) labelling/detection
kit (RiboBio) per manufacturer’s instructions: cells
were fixed with 4% formaldehyde, permeabilized
with 0.5% Triton X-100, and stained sequentially
with Apollo solution and Hoechst 33342. Images
were acquired on an LSM800 confocal microscope
(Carl Zeiss, Germany).

Migration and Invasion Assays

Transfected GC cells (5 x 10°) were seeded into the
upper chamber of Transwell inserts (Corning, New
York, USA) in 300 pL of serum-free medium for
migration assays, or into chambers pre-coated with
100 pL of 1 mg/mL Matrigel (BD Biosciences, San
Jose, USA) for invasion assays. The lower chamber
contained 700 puL of 10% FBS medium. After 24 h,
cells were fixed with paraformaldehyde
(Servicebio, Wuhan, China) and stained with
crystal violet (0.1%), and imaged with an inverted
microscope (Leica).

Dual-luciferase Reporter Assay

Wild-type (WT) or mutant (MUT) reporter

plasmids harbouring the circASAP1 sequence or
the CPEB4 3'-UTR (pGL3-Firefly_Luciferase-
Renilla_Luciferase) were designed and constructed
by Gene Create (Wuhan, China). Plasmids were co-
transfected with miR-874-3p mimic, miR-136-5p
mimic, or miR-NC into HEK293T cells using
Lipofectamine 2000. After 48 h, luciferase activity
was measured with the dual-luciferase assay Kkit
(Beyotime, China).

Statistical analysis

Data were analysed using GraphPad Prism (v7;
https://www.graphpad.com/). Group comparisons
used Student’s two-tailed t-test or one-way
ANOVA. Heatmaps were generated with the
‘pheatmap’ R package; volcano plots were
generated with the ‘ggplot2’ R package; Venn
diagrams were drawn with the ‘Venn’ R package.
*n < 0.05 and **p < 0.01 were considered
statistically significant.

Results

Characterization and Expression of Circasapl in
GC Cells and Tissues

From the microarray dataset, we identified 485
differentially expressed circRNAs (logFC > 2,
FDR-adjusted p < 0.05). Among them,
hsa_circ_0008934 (designated circASAP1) was the
most significantly upregulated circRNA (Figure
1A). To verify differential expression between GC
tissues and adjacent normal tissues, we collected 30
paired samples and quantified circASAP1 by gqRT-
PCR (Figure 1B). circASAP1 expression was also
significantly higher in the AGS and MKN-45 GC
cell lines than in GES-1 gastric epithelial cells
(Figure 1C). circASAP1 was consistently
overexpressed across GC tissues and cell lines
relative to normal controls. Sanger sequencing
confirmed the circular structure of circASAP1
formed by back-splicing (Figure 1D). The reverse-
transcription  efficiency of circASAP1 was
markedly lower with oligo(dT) primers than with
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random hexamers, further confirming its circular
topology (Figure 1E). FISH analysis showed that
circASAP1 was present in both the cytoplasm and
nucleus of AGS and MKN-45 cells (Figure 1F).
CircASAP1 expression level showed no significant

correlation with patient sex, age, differentiation
grade, or tumour stage, but correlated closely with
tumour size and lymph node metastasis (Table 3).
On this basis, circASAP1 was selected for further
study.
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Figure 1. Characterization and expression of circASAP1 in GC cells and tissues. (A) Heatmap
showing the top 20 upregulated and downregulated differentially expressed circRNAs (p < 0.005). (B)
circASAP1 expression was upregulated in 30 GC tissues compared with adjacent normal tissues. (C)
Expression of circASAPL in GC cell lines and GES-1 cells. (D) Sanger sequencing confirmed the back-
splicing junction and genomic origin of circASAP1. (E) Expression of circASAP1 and linear ASAP1

MRNA in GC cells using oligo(dT) and random hexamer primers. (F) FISH analysis showing
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cytoplasmic and nuclear localization of circASAP1 in GC cells; scale bar, 20 pm. Values are mean +
SEM of three independent experiments. *p < 0.05 and **p < 0.01.

Table 3. Correlations between circASAP1 expression and clinicopathologic characteristics in GC

Colony Formation, DNA Synthesis, Migration,
and Invasion of GC Cells

To determine whether circASAPL influences GC
cell biology, we designed siRNA targeting
CircASAP1. Knockdown efficiency of si-
CircASAP1 in AGS and MKN-45 cells were
confirmed by gRT-PCR (Figures 2A and 2B).
CCK-8 assays showed that si-CircASAP1
transfection significantly reduced the proliferation
of AGS and MKN-45 cells compared with si-NC
controls (Figures 2C and 2D). Colony formation

patients
Characteristic CircASAP1
All (30) High (%) n = 23 Low (%) n=7 p value

Gender 0.0837
Male 18 16 (69.6%) 2 (28.6%)
Female 12 7 (30.4%) 5 (71.4%)

Age 0.545
>60 11 8 (34.8%) 3 (42.9%)
<60 19 15 (65.2%) 4 (57.1%)

Differentiation 0.068
Good 11 6 (26.1%) 5 (71.4%)
Poor 19 17 (73.9%) 2 (28.6%)

Tumour size 0.0139
>50 mm 21 19 (82.6%) 2 (28.6%)
<50 mm 9 4 (17.4%) 5 (71.4%)

Lymph node 0.0067
NO 8 3 (13.0%) 5 (71.4%)
N1-N3 22 20 (87.0%) 2 (28.6%)

Stages 0.308
Il 7 4 (17.4%) 3 (42.9%)
Hn-v 23 19 (82.6%) 4 (57.1%)

*p <0.05

Circasapl Knockdown Inhibits Proliferation, assays showed that AGS and MKN-45 cells

transfected with si-circASAP1 formed fewer and
smaller colonies (Figures 2E and 2F). EdU
incorporation confirmed that circASAP1 silencing
significantly reduced DNA synthesis in AGS and
MKN-45 cells (Figures 2G-21). Transwell assays
demonstrated that circASAP1 knockdown inhibited
migration of both AGS and MKN-45 cells and
invasion of AGS cells. In MKN-45 cells, which are
semi-suspension cells, the invasion assay did not
yield reliable results due to the cell line's inherent
growth characteristics (Figures 2J-2M).
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Figure 2. circASAP1 knockdown inhibits proliferation, colony formation, DNA synthesis, migration,
and invasion in AGS and MKN-45 cells. (A, B) Knockdown efficiency of si-circASAP1 in AGS and
MKN-45 cells. (C, D) CCK-8 assay in AGS and MKN-45 cells transfected with si-NC or si-CircASAP1.
(E, F) Colony formation assay in AGS and MKN-45 cells transfected with si-NC or si-circASAPL. (G-
I) EAU assay in AGS and MKN-45 cells transfected with si-NC or si-circASAPL. (J, L) Migration
assays in AGS and MKN-45 cells; (K) invasion assays in AGS cells. Invasion data for MKN-45 were
not obtainable due to the semi-suspension phenotype of this cell line. Values are mean £ SEM of three
independent experiments. **p < 0.01 and ***p < 0.001.

Circasapl Overexpression Promotes Proliferation,
Colony Formation, DNA Synthesis, Migration,
and Invasion of GC Cells

Given that circASAPL is overexpressed in GC cell
lines relative to GES-1, we generated stable AGS
and MKN-45 cell lines overexpressing CircASAP1
and examined the functional consequences.
Overexpression efficiency in AGS and MKN-45
cells was confirmed by qRT-PCR (Figures 3A and

3B). CCK-8 assays showed that circASAPL1-
overexpressing AGS and MKN-45 cells
proliferated faster than empty-vector (NC) controls
(Figures 3C and 3D). Colony formation assays
revealed that circASAP1 overexpression increased
colony number and size (Figures 3E and 3F). EdU
incorporation showed that DNA synthesis was
enhanced in circASAP1-overexpressing AGS and
MKN-45 cells (Figures 3G-3l). Transwell assays
confirmed that circASAP1  overexpression
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promoted migration in AGS and MKN-45 cells and
invasion in AGS cells. As before, reliable invasion

data could not be obtained for MKN-45 cells owing
to their semi-suspension character (Figures 3J-3M).
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Figure 3. circASAP1 overexpression promotes proliferation, colony formation, DNA synthesis,
migration, and invasion in AGS and MKN-45 cells. (A, B) Overexpression efficiency of circASAP1 in
AGS and MKN-45 cells. (C, D) CCK-8 assay. (E, F) Colony formation assay. (G-1) EdU assay. (J, L)

Migration assays in AGS and MKN-45 cells; (K) invasion assays in AGS cells. Invasion data for

MKN-45 were not obtainable due to the semi-suspension phenotype of this cell line. Values are mean +
SEM of three independent experiments. **p < 0.01 and ***p < 0.001.

Circasapl Directly Sponges Mir-874-3p

Bioinformatics prediction (miRDB, miRTarBase,
and TargetScan) identified two candidate miRNAs
that could be sponged by circASAP1: miR-874-3p
and miR-136-5p. To determine whether circASAP1
interacts with these miRNAs, we constructed
luciferase plasmids harbouring wild-type (WT) and
mutant (MUT) circASAP1 sequences (Figure 4A).

Luciferase reporter assays showed that miR-874-3p
mimics significantly reduced luciferase activity of
CircASAP1-WT, but not circASAP1-MUT, in AGS
and HEK293T cells (Figures 4B and 4C). miR-136-
5p mimics had no effect on CcircASAP1-WT
luciferase activity (Figure 4D). FISH analysis
confirmed co-localization of circASAP1 and miR-
874-3p in the cytoplasm of AGS and MKN-45 cells
(Figure 4E). These results indicate that circASAP1
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specifically sponges miR-874-3p and thereby
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Figure 4. circASAPL1 directly sponges miR-874-3p. (A) Schematic of predicted miR-874-3p and miR-
136-5p binding sites in WT and MUT circASAP1. (B, C) Luciferase reporter assays confirming
CircASAP1-miR-874-3p interaction in (B) AGS and (C) HEK293T cells. (D) Luciferase assay showing
no interaction between circASAP1 and miR-136-5p in AGS cells. (E) FISH analysis of circASAP1 and
miR-874-3p co-localization in AGS and MKN-45 cells; scale bar, 20 pm. Values are mean = SEM of
three independent experiments. *p < 0.05 and **p < 0.01.

Circasapl Overexpression Reverses the Tumour-
Suppressive Effects of Mir-874-3p on GC Cell
Proliferation and Invasion

To determine whether miR-874-3p mediates the
functional changes driven by circASAP1, we co-
transfected circASAP1 and miR-874-3p mimics

into AGS and MKN-45 cells. miR-874-3p mimics
significantly reduced proliferation of both cell lines,
while co-expression of circASAP1 rescued this
suppression (Figures 5A-5D). Similarly,
CircASAP1 restored DNA synthesis suppressed by
miR-874-3p (Figures 5E and 5F). In migration and
invasion assays, exogenous miR-874-3p reduced
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motility and invasiveness of GC cells; circASAP1
co-transfection partially reversed the reduction in
migration in AGS and MKN-45 cells (Figures 5G
and 5I) and the reduction in AGS cell invasion
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Figure 5. circASAP1 overexpression reverses the tumour-suppressive effects of miR-874-3p on GC
cell proliferation and invasion. (A, B) CCK-8 assay of AGS and MKN-45 cells co-transfected with
mMiR-874-3p mimics and circASAPL. (C, D) Colony formation assay. (E, F) EdU assay. (G, I)
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Migration assays in AGS and MKN-45 cells; (H, J) Invasion assays in AGS cells. Invasion data for
MKN-45 were not obtainable due to the semi-suspension phenotype of this cell line. Values are mean +
SEM of three independent experiments. *p < 0.05 and **p < 0.01.

The circASAP1/miR-874-3p axis directly regulates
CPEB4 in GC cells

CiIrcASAP1 sequesters miR-874-3p, affecting
proliferation, migration, and invasion of GC cells.
To identify the downstream mediator, we screened
the expression of seven candidate GC-related genes
predicted as miR-874-3p targets (ATXN1, AQP3,
CPEB4, CRCP, ESR1, NUFP2, TFAP2B) by qRT-
PCR (Figure 6A). Knockdown of circASAPL in

behaviour through CPEB4 (Figures 6B and 6C). To
confirm CPEB4 as a direct miR-874-3p target, we
generated luciferase reporters harbouring the WT or
MUT (miR-874-3p binding site deleted) CPEB4 3'-
UTR (Figure 6D). In HEK293T and AGS cells,
miR-874-3p mimics significantly  suppressed
luciferase activity driven by CPEB4 3'-UTR-WT
but not CPEB4 3'-UTR-MUT (Figures 6E and 6F).
These data confirm that circASAP1 promotes GC
cell proliferation and invasion by sponging miR-

AGS and MKN-45 cells consistently reduced 874-3p and thereby derepressing CPEB4
CPEB4 mRNA levels, suggesting that the expression.
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rcASAP1/miR-874-3p axis. (A) Bioinformatics

prediction of miR-874-3p target genes using miRDB, miRTarBase, and TargetScan. (B, C) CPEB4
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MRNA expression after circASAP1 knockdown in AGS and MKN-45 cells. (D) Schematic of predicted
mMiR-874-3p binding site in WT and MUT CPEB4 3’-UTR. (E, F) Dual-luciferase reporter assays
confirming miR-874-3p—CPEB4 interaction in AGS and HEK?293T cells. Values are mean + SEM of
three independent experiments. *p < 0.05 and **p < 0.01.

Discussion

The ceRNA hypothesis, first articulated by Salmena
et al.”®, proposes that transcripts sharing common
MREs compete for miRNA binding and thereby co-
regulate one another’s expression. This paradigm
has reshaped the conceptual framework of gene
regulation, positioning non-coding RNAs—
particularly circRNAs—as active participants in
post-transcriptional regulatory networks. Among all
functional mechanisms attributed to circRNAs, the
mMiRNA sponge model remains the most extensively
studied™®. CircRNAs are especially well-suited to
this role: their covalently closed structure,
generated by back-splicing (in which a downstream
5" splice donor joins an upstream 3’ splice
acceptor), renders them highly resistant to
exonucleolytic degradation. This confers longer
half-lives and greater expression stability than
linear RNAs, allowing circRNAs to accumulate
numerous mMIiRNA-binding sites and effectively
sequester mMIRNAs in cells. This structural
advantage is particularly relevant in the nuclease-
rich  tumour microenvironment'’.  CircRNA-
mediated miRNA sponging has broad functional
significance across cancer types. In GC, multiple
circRNAs have been identified as components of
ceRNA networks that modulate critical signalling
pathways'®'®.  For  example,  circZFAND6
suppresses GC metastasis via the miR-6815-
3p/APC/Wnt-p-catenin pathway?, while circNRIP1
promotes GC progression by sponging miR-149-5p
and activating the AKT1/mTOR pathway®.
Comprehensive circRNA-mMiRNA-mMRNA ceRNA
networks reveal that dysregulated circRNA
transcripts, their miRNA targets, and downstream
effector genes collectively contribute to GC
pathogenesis®®. These findings position the ceRNA
axis as a core mechanism through which circRNAs
exert oncogenic or tumour-suppressive functions in
gastrointestinal malignancies®.

Accumulating  evidence indicates  CircRNA
dysregulation during GC development!’?. This
study identifies circASAP1 as a significantly
upregulated circRNA in GC tissues and cell lines
and characterizes its oncogenic function and

underlying ceRNA mechanism. Our results show
that CircASAP1 promotes proliferation,
clonogenicity, migration, and invasion of GC cells
through  the  circASAP1/miR-874-3p/CPEB4
signalling pathway, providing mechanistic insight
into GC progression. The aberrant overexpression
of circASAP1 in GC tissues compared with
matched normal mucosa aligns with the emerging
view that dysregulated circRNAs  drive
tumorigenesis®*?. Gain-of-function and loss-of-
function experiments consistently demonstrate that
CircASAP1 exerts pro-tumorigenic  effects:
overexpression enhances malignant phenotypes,
and knockdown suppresses them. This is consistent
with previous reports on oncogenic CircRNAS in
gastrointestinal malignancies, including
circTHBS1?*, hsa_circ_0013729%°, and circRNA
0023685%°.  Notably, circASAP1  expression
correlates with tumour volume and lymph node
metastasis, suggesting clinical utility as a
prognostic marker.

Our study demonstrates that circASAPL acts as a
ceRNA for miR-874-3p. Dual-luciferase reporter
assays confirmed direct binding between
CircASAP1 and miR-874-3p, and the negative
correlation between their expression levels in
clinical samples supports a functional relationship.
Rescue experiments showed that exogenous miR-
874-3p partially reversed phenotypes induced by
CiIrcASAP1 overexpression, and miR-874-3p
inhibition partially restored malignant behaviours
after circASAP1 silencing, establishing circASAP1
as an upstream regulator that relieves miR-874-3p-
mediated post-transcriptional repression. miR-874-
3p exerts tumour-suppressive effects across
multiple cancer types®®. In GC, miR-874-3p
suppresses migration, invasion, and drug resistance
by targeting GDPD5?, and inhibits angiogenesis
via the STAT3/VEGF-A pathway®®. Its reduced
expression in GC tissues and cell lines aligns with
the view that circASAP1 overexpression sequesters
this protective miRNA, relieving suppression of GC
progression. This mechanism is conserved across
epithelial malignancies: in endometrial cancer,
CircESRP1 promotes metastasis through the same
miR-874-3p/CPEB4 axis®®, suggesting the miR-
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874-3p/CPEB4 module has
significance.

broad oncogenic

Downstream of miR-874-3p, CPEB4 (cytoplasmic
polyadenylation element binding protein 4)
promotes GC progression through ZEB1-mediated
EMT® and has been associated with cisplatin
resistance and other aggressive GC traits®’. By
sponging miR-874-3p and thereby derepressing
CPEB4, circASAP1 drives a coherent oncogenic
cascade. Additionally, circASAP1 is derived from
the ASAP1 locus; ASAP1 itself activates the
IQGAP1/CDC42 pathway to promote GC
progression and  chemotherapy  resistance®,
suggesting that the parent gene and its derived
circRNA may cooperate in tumour promotion.
Exosome-mediated delivery of circRNAs has been
identified as a mechanism of intercellular
communication in GC*** and future work should
explore whether circASAP1 is packaged into

exosomes and influences the GC tumour
microenvironment.
This study has several limitations. First, all

functional experiments were conducted in vitro; in
vivo validation using orthotopic or subcutaneous
tumour models are required to confirm the
oncogenic role of circASAPL. Second, the CPEB4
rescue experiment (restoring CPEB4 after
circASAP1 knockdown) was not performed and
should be included to formally establish CPEB4 as
the functional effector of the circASAP1/miR-874-
3p axis. Third, the clinical cohort (n = 30) is
relatively small; validation in a larger, independent
patient series is needed. Despite these limitations,
our findings identify circASAP1 as a driver of GC
progression through the circASAP1/miR-874-
3p/CPEB4 cascade and suggest it as a candidate
prognostic biomarker and therapeutic target.
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