hsa_circ_0017842 acts as a competing endogenous RNA
to enhance the malignancy of gastric cancer

*Xigang Wen"*2F *Wenling Han?®-%%, Chao Liu"tf

' Department of Gastrointestinal Surgery, Third People’s Hospital of Hubei Province, Wuhan, China
2 Department of Hospital Infection, Third People’s Hospital of Hubei Province, Wuhan, China

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Chao Liu
E-mail: ChaoLiu53@163.com

Funding sources
None declared

Conflict of interest
None declared

*Xigang Wen and Wenling Han contributed equally
to this work.

Received on June 21,2022
Reviewed on June 29, 2022
Accepted on December 23, 2022

Published online on March 30, 2023

Citeas

Wen X, Han W, Liu C. hsa_circ_0017842 acts as a competing
endogenous RNA to enhance the malignancy of gastric
cancer. Adv Clin Exp Med. 2023;32(7):803-812.
d0i:10.17219/acem/158484

Dol
10.17219/acem/ 158484

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Adv Clin Exp Med. 2023;32(7):803-812

Abstract

Background. Circular RNAs (circRNAs) have been shown to act as competing endogenous RNAS (ceRNAs)
participating in the progression of gastric cancer (GC).

Objectives. Our study aimed to investigate whether hsa_circ_0017842 can affect the malignancy of GC
in a ceRNA manner.

Materials and methods. Gene expression microarrays from GEO DataSets database, quantitative real-
time polymerase chain reaction (qPCR) and western blotting were used to identify the expression levels
ofhsa_circ_0017842, miR-1294, and secreted protein, acidic and rich in cysteine (SPARC) in GC. The function
of hsa_circ_0017842/miR-1294/SPARC axis in GC cells was confirmed using gain- and loss-of-function as-
says. In addition, luciferase and RNA pulldown assays were performed to demonstrate the ceRNA mechanism
of hsa_circ_0017842 involving miR-1294 and SPARC.

Results. The uprequlation of hsa_circ_0017842 and SPARC, and downregulation of miR-1294 were ob-
served in GC. Uprequlating hsa_circ_0017842 in GC cells led to an increase in their proliferation, migra-
tion and invasion, and hsa_circ_0017842 knockdown showed the opposite effects on GC cells. Moreover,
hsa_circ_0017842 was shown to be a sponge for miR-1294, thereby requlating SPARC expression. Due
to the targeting relationship among hsa_circ_0017842, miR-1294 and SPARC, SPARC knockdown could
relieve the effect of hsa_circ_0017842 overexpression on GC cells.

Conclusions. Overall, this study confirmed that hsa_circ_0017842 acted as a ceRNA to promote the ma-
lignancy of GC cells through requlating the miR-1294/SPARC axis. Our findings might help better elucidate
the molecular mechanism of GC tumorigenesis, and as a result improve the overall survival of GC patients.
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Background

Gastric cancer (GC), with high incidence and mortality,
ranks among the top 5 malignant tumors and is the 3" lead-
ing cause of cancer-related deaths worldwide. According
to the latest data from the World Health Organization
(WHO) from 2020, the number of new GC cases in China
was almost 480,000.3 Although the incidence and mortal-
ity of GC decrease with the improvements in diagnosis and
therapy, overall survival (OS) is poor in most countries due
to the heterogeneity and complex regulatory mechanism
of this disease.*=® Hence, exploring the molecular mecha-
nism of GC tumorigenesis is an urgent need for improving
the therapy of GC.

Circular RNAs (circRNAs) belong to the non-cod-
ing RNA family and exhibit a covalently closed-loop
structure by direct back-splicing or exon skipping.”?
By means of high-throughput sequencing and bioinfor-
matic analysis, circRNAs were confirmed to be abnor-
mally expressed and participate in various diseases.”!!
In GC, circRNAs have been shown to act as competing
endogenous RNAs (ceRNAs) by regulating the expres-
sion of microRNAs (miRNAs) to release the target genes
of miRNAs, thereby regulating GC progression.!2-14
The hsa_circ_0005556 acts as a ceRNA to sponge miR-
4270-enhanced MMP19 expression, thereby accelerat-
ing GC progression.!®> The circRNA ITCH as a ceRNA
could suppress the metastasis of GC cells by spong-
ing miR-199a-5p/Klotho axis.!® In the present study,
we found the abnormal expression of hsa_circ_0017842
in GC samples using a circRNA expression microarray.
To our knowledge, the function of hsa_circ_0017842 has
not been reported. As a result of bioinformatic analysis,
we predicted that hsa_circ_0017842 might sponge miR-
1294. In GC, the inhibitory effect of miR-1294 on GC
cells has been identified.'”-! However, the circRNA
as upstream of miR-1294 in GC is still unknown.

Secreted protein, acidic and rich in cysteine (SPARC),
a matricellular glycoprotein, is expressed in embryonic
tissues, bone and endothelial cells, and has been shown
to play a key role in the development and differentia-
tion of chondrocytes and megakaryocytes.?>* Clinically,
SPARC was found to be overexpressed in GC tissues, and
its overexpression was correlated with the poor survival
rate of GC patients with tumor-node-metastasis (TNM)
stages I, I and II1.?? In in vitro studies, knocking down
SPARC reduced the number of invasive GC cells, suggest-
ing its promotive function in GC development.?® Bioin-
formatic analysis in our study predicted that SPARC was
a target gene of miR-1294. Furthermore, the interaction
between miR-1294 and SPARC has not been explored
in any diseases.
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Objectives

By means of a literature review and bioinformatic analy-
sis, we aimed to investigate whether hsa_circ_0017842
acts as a crucial circRNA to regulate GC progression
by targeting the miR-1294/SPARC pathway. Our findings
could contribute to elucidating the molecular mechanism
of GC tumorigenesis to improve the overall survival of GC
patients.

Materials and methods
Bioinformatic analysis

GSE93541 from a public database (GEO DataSets;
https://www.ncbi.nlm.nih.gov/gds) was used to identify
the expression of hsa_circ_0017842 in GC samples and
normal samples from the same patients. Then, starBase
(https://starbase.sysu.edu.cn/panCancer.php) and circln-
teractome database (https://starbase.sysu.edu.cn/panCan-
cer.php) were applied to predict the downstream miR-
NAs of hsa_circ_0017842, whereas TargetScan database
(https://starbase.sysu.edu.cn/panCancer.php) was used
to predict the downstream mRNAs of the predicted miR-
NAs. Besides, we also used 2 gene expression microarrays
(GSE103236 and GSE79973) from GEO DataSets to con-
firm the upregulated genes in GC with adjusted p < 0.05
and log,FC > 1. STRING tool (https://cn.string-db.org/)
was used to construct protein-protein interaction (PPI)
networks for the screened genes.

Clinical samples and cell lines

The GC samples and corresponding adjacent non-tumor
samples were collected from 34 patients who were diag-
nosed with GC in the Third People’s Hospital of Hubei
Province (Wuhan, China) between January 2021 and Janu-
ary 2022. Our study was approved by the Ethics Commit-
tee of the Third People’s Hospital of Hubei Province (2021
Ethic Audit Section No. 16) and adheres to the ethical stan-
dards of the Declaration of Helsinki. Every patient enrolled
in this study gave written informed consent.

Table 1 displays the clinical characteristics of 34 GC pa-
tients. All cell lines were purchased from Procell (Wuhan,
China), including 2 GC cell lines (AGS, cat. No. CL-0022;
MKN-7 and cat No. CL-0574) and human gastric mucosa
cell line GES-1 (cat. No. CL-0563). The AGS cells were
kept in Ham’s F-12 medium (cat No. PM150810; Procell)
at 37°C and 5% CO,, whereas GES-1 and MKN-7 cells were
kept in RPMI-1640 medium (cat. No. PM150110; Procell)
at 37°C and 5% CO,. All media were supplemented with
10% fetal bovine serum (FBS; cat. No. 164210-50; Pro-
cell) and 1% penicillin/streptomycin (cat. No. PB180120;
Procell).
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Table 1. Clinical characteristics of the gastric cancer patients

Characteristics | Numbers of cases (%)

>60 19 (55.9)

FE R <60 15 (44.1)
male 22 (64.7)

Gender female 12 (35.3)
Tumor size <3cm 14 (41.2)
>3cm 20 (58.8)

[+ 1l 9 (26.5)

TNM stage I+ 1 25 (735)
well 5(14.7)

Grade moderately 20 (58.8)
poor 9(26.5)

TNM — tumor-node-metastasis.

gPCR and RNase R treatment

TRIzol Total RNA isolation kit (cat. No. KGA1201; Key-
Gen Biotech, Nanjing, China) was used for RNA extraction
from tissues and cells. Then, cDNA synthesis and quan-
titative real-time polymerase chain reaction (QPCR) were
carried out using a PrimeScript Reverse Transcription Kit
(Takara, Shiga, Japan) and SYBR Green Master Mix Kit
(Takara), respectively. The 2724t method was applied for
identifying the relative expression of circRNA, miRNA and
mRNA using GAPDH or U6 as an endogenous control.
Table 2 includes all the primer sequences used in this study.

For RNase R treatment, 2 pg of isolated RNA from GC
cells were treated with or without 3 U/mg RNase R (Sigma-
Aldrich, St. Louis, USA). After incubation for 60 min
at 37°C, the expression of hsa_circ_0017842 and its linear
gene FAMI88A was measured with qPCR to demonstrate
the stability of hsa_circ_0017842.

Table 2. Primer sequences in this study

Gene | Primer sequence

forward 5" -TGATCCTAGTTGATGGCCTAA-3'
hsa_circ_0017842

reverse 5-GAGAGCCACTTGCAGAGACC-3'

forward 5"-CTGGAGATATGGAAGAGCTGTGT-3'
hsa-miR-1270

reverse 5" TGCAAAGAGCCACATAGAAGAT-3'

forward 5'-GCCGAGATGGAGATAGATAT-3'
hsa-miR-620

reverse 5-CTCAACTGGTGTCGTGGA-3

forward = 5-CTTAGTTGCGTTACACCCTTTCTTG-3'
hsa-miR-1294

reverse 5-CTGTCACCTTCACCGTTCCAGTTT-3'

forward 5-GCCGAGTGCAGGACCAAGATG-3'
hsa-miR-1286

reverse 5-CTCAACTGGTGTCGTGGA-3'
SPARC forward = 5-CGAAGAGGAGGTGGTGGCGGAAA-3'

reverse | 5-GGTTGTTGTCCTCATCCCTCTCATAC-3'
CAPDH forward = 5-CTCTCTGCTCCTCCTGTTCGACAG-3'

reverse | 5-AGGGGTCTTACTCCTTGGAGGCCA-3'
e forward 5'-CTCGCTTCGGCAGCACA-3'

reverse 5-AACGCTTCACGAATTTGCGT-3'
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Cell transfection

Allvectors used for cell transfection were purchased from
Ke Lei Biological Technology Co., Ltd. (Shanghai, China).
The pcDNA3.1-circ vector was used to construct hsa_
circ_0017842 expression vectors (circ-OE), and the empty
vector was used as a negative control (NC). The siRNAs tar-
geting hsa_circ_0017842 (si-circ) and SPARC (si-SPARC)
were used to knock down hsa_circ_0017842 and SPARC,
respectively, with si-NC as NC. The miR-1294 mimic was
designed to overexpress miR-1294 and mimic-NC was
used as NC. For cell transfections, the mentioned vec-
tors were applied to the GC cells at 50 nM concentration
using Lipofectamine 3000 (Invitrogen, Carlsbad, USA).
The qPCR was carried out to identify the transfection ef-
ficiency of vectors 48 h after transfection.

EdU assay

EdU-647 cell proliferation kit (Beyotime Biotechnology,
Beijing, China) was used to assess cell proliferation. After
transfection, 1x10* GC cells were seeded into a 96-well
plate for incubation overnight. After incubation, 10 pM
EdU was applied to cells for 2 h at 37°C. Then, the cells
were fixed with 4% paraformaldehyde, treated with 0.1%
Triton X-100, rinsed with phosphate-buffered saline (PBS),
and incubated with 100 pL click reaction cocktail. Next,
the cells were incubated in 5 pg/mL Hoechst 33342 to stain
cell nuclei. Finally, the cells were observed and imaged
using a fluorescence microscope (model TE2000; Nikon
Corp., Tokyo, Japan).

Transwell assay

Transwell assays were performed to assess the change
in cell migration and invasion. In cell migration detec-
tion, 1x10* transfected GC cells suspended in 200 pL of se-
rum-free medium were added into the upper chamber;
at the same time, 500 pL of medium with 10% FBS was
added into the bottom chamber. After 48 h, the cells that
remained on the lower surface were fixed with metha-
nol, stained with crystal violet and observed under an in-
verted micoscope (model TS2; Nikon Corp.). In cell inva-
sion detection, the membrane in the upper chamber was
coated with Matrigel (BD Biosciences, Franklin Lakes,
USA) before adding the cells. The following procedure
was the same as cell migration.

RNA pulldown assay

A biotinylated RNA pulldown assay was used to identify
the interaction between circRNA and miRNA, as described
in a previous study.?* Briefly, 1x10” GC cells were collected,
lysed, and incubated with hsa_circ_0017842 probe-coated
beads at 4°C overnight. After washing, the RNA was iso-
lated to perform qPCR.
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Luciferase assay

Wild-type hsa_circ_0017842 (WT-circ) or SPARC
(SPARC-WT) containing binding sites for miR-1294 were
constructed by Beijing Qualityard Biotechnology Co., Ltd.
(Beijing, China) using a pGL3 vector (Promega, Madison,
USA). Mutant hsa_circ_0017842 (MUT-circ) or SPARC
(SPARC-MUT) without binding sites for miR-1294 were
also constructed by Beijing Qualityard Biotechnology Co.,
Ltd. using a pGL3 vector. The aforementioned vectors
were co-transfected into GC cells with miR-1294 mimic
or mimic-NC. Luciferase activity was detected 48 h after
transfection with the aid of a dual-luciferase report analysis
system (Promega).

Western blotting

Protein concentrations, isolated using Radioimmuno-
precipitation Assay (RIPA) Lysis Buffer (cat. No. KGP702;
KeyGen Biotech), were quantified with BCA Protein As-
say Kit (Tiangen Biotech, Beijing, China). Protein samples
were separated using 12% sodium dodecyl-sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) gel, then trans-
ferred to polyvinylidene difluoride (PVDF) membranes and
blocked with 5% skimmed milk for 3 h at 22°C. The mem-
branes were incubated overnight at 4°C with primary anti-
bodies, including anti-SPARC (1:1000; cat. No. ab207743;
Abcam, Cambridge, USA) and anti-GAPDH (1:1000;
cat. No. ab9485; Abcam). Next, the membranes were
probed with fluorescent rabbit secondary antibodies (cat.
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No. 18-4517-32; Rockland Immunochemicals, Rockland,
USA) at 22°C for 2 h. Finally, the protein blots were visual-
ized using Odyssey 3.2 (LI-COR Biosciences, Lincoln, USA).

Statistical analyses

Independent experiments were performed in triplicate.
The data were analyzed using GraphPad Prism v. 8.0
(GraphPad Software, San Diego, USA) and expressed
as the mean + standard deviation (M +SD). Each indepen-
dent experiment included at least 3 samples. Shapiro—Wilk
test was used to confirm the normal distribution of all
data, and F test/Brown-Forsythe test was used to con-
firm the homogeneity of variances. Student’s t-test was
applied for statistical differences between the 2 groups,
whereas Kruskal-Wallis test with Dunn’s post hoc test
or Mann—-Whitney U test was applied for statistical differ-
ences if the number of samples was <9. A value of p < 0.05
denotes statistical significance.

Results

The upregulation
of hsa_circ_0017842 in GC

According to a circRNA expression microarray
GSE93541, hsa_circ_0017842 was overexpressed in GC
samples compared to normal non-tumor samples (Fig. 1A).
In our collected clinical samples, hsa_circ_0017842 was

A . ) B Fig. 1. The upregulation of hsa_
hsa_circ_0017842 in GSE93541 circ_0017842 in gastric cancer (GQ).
4 8— A. A circular RNA (circRNA)
p < 0.0001 expression microarray GSE93541
gl identified the upregulation
: - 6] of hsa_circ_0017842 in GC samples;
2 g B. hsa_circ_0017842 overexpression
gl R e g J 2 © in GC tissues was detected using
3 S 4] quantitative real-time polymerase
I g °| chain reaction (gPCR) (paired
T e T e T o T T = Student’s t-test, n = 34); C. hsa_
% g % % g % = :I circ_0017842 overexpression in GC
§ § § § § é % 2 2 cells (AGS and MKN-7) was detected
] G| & ] G| & using gPCR (*p < 0.05, **p < 0.07;
Kruskal-Wallis test; n = 9); D. RNase
GC Mormal 0 1 R treatment confirmed the stable
= expression value adjacent tumor structure of hsa_circ_0017842
(**p < 0.01; Mann-Whitney U test;
C * D AGS MKN-7 n =9). All experiments were
5 —x*_ 1.5 performed in triplicate
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also upregulated in GC samples compared to adjacent
normal samples (Fig. 1B). In GC cells (AGS and MKN-7),
hsa_circ_0017842 expression was significantly elevated
(Fig. 1C). RNase R treatment did not produce any change
in hsa_circ_0017842 expression, suggesting that the struc-
ture of hsa_circ_0017842 was stable (Fig. 1D). To sum-
marize, hsa_circ_0017842 exhibited a stable structure and
was overexpressed in GC.

The positive effect
of hsa_circ_0017842 on GC cells

To explore the effect of hsa_circ_0017842 on GC cells,
we transfected circ-OE vectors and si-circ to overexpress
and knock down hsa_circ_0017842 in GC cells, respec-
tively. Figure 2A displays the increase of hsa_circ_0017842
expression by more than 6-fold in GC cells after transfec-
tion with circ-OE vectors, whereas its expression decreased
by more than 70% in GC cells after transfection with si-
circ. The EdU assays revealed that circ-OE elevated EDU
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positive rate, but si-circ caused a decline of EDU positive
rate, suggesting the positive effect of hsa_circ_0017842
on cell proliferation (Fig. 2B). The transwell assay iden-
tified an increase in the number of migration cells and
invasion cells after the GC cells were transfected with
circ-OE, but showed a decrease after the GC cells were
transfected with si-circ (Fig. 2C,D). All data suggested that
hsa_circ_0017842 contributed to the proliferation, migra-
tion and invasion of GC cells.

hsa_circ_0017842 as a ceRNA
to target miR-1294

To identify the miRNAs that bind to hsa_circ_0017842,
2 online databases (starBase and TargetScan) were used and
4 miRNAs were identified (miR-620, miR-1270, miR-1294,
and miR-1286; Fig. 3A). RNA pulldown assays confirmed
that only miR-1294 could be pulled down from GC cell
samples with the hsa_circ_0017842 probe (Fig. 3B). Hence,
we chose miR-1294 for further investigation. The binding

Fig. 2. The positive
effect of hsa_
circ_0017842 on gastric
cancer (GC) cells. A. High
transfection efficiency
of the hsa_circ_0017842
overexpression vector
(circ-OE) and siRNA

of hsa_circ_0017842
(si-circ) was confirmed
using quantitative
real-time polymerase
chain reaction (qPCR);

B. The positive effect

of hsa_circ_0017842

on cell proliferation

in GC cells was detected
using EdU assay;

C,D. Transwell assay
showed that hsa_
circ_0017842 promoted
cell migration (C) and
cellinvasion (D)

*p < 0.05, **p < 0.01;
Kruskal-Wallis test;

n = 9. All experiments
were performed

in triplicate.
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sites between hsa_circ_0017842 and miR-1294 are shown
in Fig. 3C. According to the binding sites, the circ-WT
with binding sites and circ-MUT without binding sites
were designed to perform a luciferase assay. The miR-1294
mimic reduced the luciferase activity in the circ-WT group
but not in the circ-MUT group, suggesting that miR-1294
could bind to hsa_circ_0017842 (Fig. 3D). Compared with
adjacent normal tissues, miR-1294 expression was signifi-
cantly downregulated in GC tissues (p < 0.0001, Fig. 3E).
After Pearson’s correlation analysis, hsa_circ_0017842 ex-
pression and miR-1294 expression in GC samples displayed
a negative correlation (Fig. 3F). In conclusion, miR-1294
is downregulated in GC samples and could be sponged
by hsa_circ_0017842.

SPARC as a target gene of miR-1294

To predict the target genes of miR-1294, TargetScan
database was used. At the same time, GSE103236 and
GSE79973 mRNA microarrays were performed using GC
samples and adjacent normal samples to identify the up-
regulated genes. Finally, 21 genes were screened from
TargetScan, GSE103236 and GSE79973 (Fig. 4A). The PPI
network of the 21 screened genes was constructed using
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Fig. 3. hsa_circ_0017842

as a ceRNA to target miR-1294.

A. starBase and circlnteractome
predicted miRNAs binding to hsa_
circ_0017842; B. The interaction
between hsa_circ_0017842 and
miR-1294 was confirmed using
RNA pulldown assay (**p < 0.01;
Mann-Whitney U test; n =9);

C. The binding sites between
hsa_circ_0017842 and miR-1294;
D. The binding sites between
hsa_circ_0017842 and miR-1294
were confirmed with luciferase
assay (**p < 0.01; Kruskal-Wallis
test; n =9); E. The downregulation
of miR-1294 in GC tissues was
detected using quantitative real-
time polymerase chain reaction
(qPCR) (paired Student's t-test;

n = 34); F. The negative correlation
between hsa_circ_0017842 and
miR-1294 was analyzed with
Pearson’s correlation analysis. All
experiments were performed

in triplicate

the STRING tool (Fig. 4B) because SPARC connected
the most genes in network. Therefore, SPARC was selected
as the key gene to be explored. Figure 4C displays the bind-
ing sites between SPARC and miR-1294. After performing
a luciferase assay, it was found that luciferase activity was
reduced in the SPARC-WT group only when GC cells were
transfected with miR-1294 mimic (Fig. 4D). The SPARC
expression was upregulated almost 3-fold in GC samples
(Fig. 4E), and its expression was negatively related to miR-
1294 expression in GC samples (Fig. 4F). These results
confirmed that SPARC was overexpressed in GC samples
and is a target of miR-1294.

Silencing SPARC reversed the positive role
of hsa_circ_0017842 overexpression
in GC cells

To identify whether the effect of hsa_circ_0017842
on GC cells could be regulated by SPARC, we transfected
si-SPARC and circ-OE into GC cells to perform the follow-
ing experiments. Western blotting showed that circ-OE
induced a >1.5-fold increase in the expression of SPARC
protein, whereas si-SPARC decreased the expression
of SPARC protein by approx. 50% (Fig. 5A). However,
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co-transfection of si-SPARC and circ-OE did not change
the expression of SPARC protein compared with empty
vector or si-NC groups (Fig. 5A). The results of EdU as-
say suggested that si-SPARC suppressed cell proliferation
and reversed the circ-OE-induced increase in cell prolif-
eration (Fig. 5B). Likewise, si-SPARC resulted in less cell
migration, and it reversed the enhancement of cell mi-
gration caused by circ-OE (Fig. 5C). A consistent result
was reproduced in cell invasion, showing that silencing
SPARC reduced the number of invasive cells and attenu-
ated the circ-OE-mediated enhancement of cell invasion
(Fig. 5D). Taken together, we showed that the positive role
of hsa_circ_0017842 overexpression in GC cells was re-
versed through silencing SPARC.

Discussion

The circRNAs are considered to play crucial roles in GC
progression through a ceRNA mechanism.!22>26 [n the pres-
ent study, we found that hsa_circ_0017842 was overex-
pressed in GC and enhanced the proliferation, migration
and invasion of GC cells. Moreover, hsa_circ_0017842 acted
as a ceRNA to regulate the miR-1294/SPARC axis in GC
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Fig. 4. SPARC as a target gene of miR-1294.

A. 21 genes were screened from TargetScan,
GSE103236, and GSE79973. TargetScan was

used to predict the target genes of miR-

1294. GSE103236 and GSE79973 are 2 mRNA
microarrays used to screen for upregulated
genes that satisfy the criteria: adjusted p < 0.05
and log,FC>1; B. SPARC was the center of the PPI
network constructed using STRING tool;

C. The binding sites between SPARC and miR-
1294; D. The binding sites between SPARC and
miR-1294 were confirmed with luciferase assay
(**p < 0.07; Kruskal-Wallis test; n = 9); E. SPARC
overexpression in GC tissues was detected
using quantitative real-time polymerase chain
reaction (QPCR) (paired Student’s t-test; n = 34);
F. Negative correlation between SPARC and miR-
1294 was analyzed using Pearson’s correlation
analysis. All experiments were performed

in triplicate

cells. Due to the interactions between hsa_circ_0017842,
miR-1294 and SPARC, SPARC knockdown could reverse
the positive effect of hsa_circ_0017842 on GC progression.

The abnormal expression of circRNAs was detected
in GC, and different circRNAs were found to play differ-
ent roles in GC.2”28 For instance, high expression of circ-
SHKBP1 was related to advanced TNM stage and poor
prognosis in GC, and its overexpression promoted cell
metastasis and angiogenesis of GC cells.?” Another cir-
cRNA located in the nucleus, circ-HuR, could attenuate
tumor growth and metastasis of GC cells in vivo.3° Here,
we used a circRNA microarray of GC from GEO DataSets
and qPCR to identify the upregulation of hsa_circ_0017842
in GC samples. By a series of gain-or-loss experiments,
hsa_circ_0017842 was confirmed to be an oncogenic cir-
c¢RNA in GC which promotes proliferation, migration and
invasion of GC cells.

In recent years, increasing evidence has demonstrated
that circRNAs acting as ceRNAs participate in GC pro-
gression by sponging miRNAs to regulate target genes
of miRNAs.31-3 Zhang et al. reported that circ_HN1,
miR-628-5p and Ecto-5-nucleotidase could construct
a ceRNA network to regulate GC development. The circ-
ITCH as a ceRNA regulated the miR-199a-5p/Klotho axis,
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thereby inhibiting metastasis of GC cells.'® However, no
study identified a ceRNA network of hsa_circ_0017842.
Innovatively, we used bioinformatic analysis and in vitro
experiments to demonstrate that hsa_circ_0017842 could
be a ceRNA that sponges miR-1294, thereby enhancing
SPARC expression in GC cells. This means that we con-
structed a novel ceRNA network on hsa_circ_0017842
to participate in GC progression, which enriched the regu-
latory network of GC.

The function of SPARC in GC has been explored in sev-
eral studies. Clinically, SPARC was found to be upregulated
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Fig. 5. Silencing SPARC
diminished the positive
effect of hsa_circ_0017842
overexpression on GC cells.
A. Western blotting detected
the expression of SPARC

in transfected GC cells;

B. The positive effect of hsa_
circ_0017842 overexpression
on cell proliferation was
reversed by silencing

SPARC; C,D. Silencing SPARC
recovered the effect of hsa_
circ_0017842 overexpression
on cell migration (C) and cell
invasion (D)

*p < 0.05, *p < 0.01;
Kruskal-Wallis test; n = 9.
All experiments were
performed in triplicate.

in GC tissues, and its overexpression predicted a poor
survival rate of GC.?? In vitro, SPARC knockdown in GC
cells reduced cell invasion and enhanced cell apopto-
sis, suggesting the oncogenic function of SPARC in GC
cells.?? Consistent with previous studies, we also observed
the upregulation of SPARC in GC tissues and cells, while
silencing SPARC suppressed the proliferation, migration
and invasion of GC cells. However, whether circRNA
could regulate SPARC by ceRNA network in GC has not
been confirmed yet. In this study, we have revealed for
the first time that hsa_circ_0017842 is upstream of SPARC



Adv Clin Exp Med. 2023;32(7):803-812

by sponging miR-1294 to upregulate SPARC expression,
thereby eliminating the inhibitory effect of SPARC knock-
down on GC cells.

Limitations

Our study revealed the function and mechanism of hsa_
circ_0017842 in GC development. However, whether hsa_
circ_0017842 can affect the malignancy of GC cells in vivo
has not been investigated. Lymph node metastasis has
been found to be associated with tumor development3*3%;
therefore, we will explore the relationship between hsa_
circ_0017842 and lymph node metastasis in GC samples
in the future. Furthermore, the role of hsa_circ_0017842
in GC in a clinical setting, such as GC prognosis, chemo-
therapy resistance, as a drug target, etc., is still not explored.
In our further research, we will focus on these areas.

Conclusions

Our study demonstrated that hsa_circ_0017842 acted
as a competing endogenous RNA to enhance the ma-
lignancy of GC by sponging miR-1294 to upregulate
SPARC. The function of hsa_circ_0017842 in GC is iden-
tified, which may provide a novel target for GC therapy
in the years to come.
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