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Background: Circular RNAs (circRNAs) have been disclosed to exert important roles in 
human cancers, including gastric cancer (GC). CircRNA hsa_circ_0000144 was identified as 
an oncogene in GC development. The aim of our study was to explore the role of hsa_-
circ_0000144 in oxaliplatin (OXA) resistance of GC.
Methods: Expression levels of hsa_circ_0000144, microRNA-502-5p (miR-502-5p) and 
A disintegrin and metalloproteinase 9 (ADAM9) were examined by quantitative real-time 
PCR (RT-qPCR) or Western blot assay. The OXA resistance of GC cells was evaluated by 
Cell Counting Kit-8 (CCK-8) assay. Colony formation assay was performed to assess the 
colony formation capacity. Cell apoptosis was determined by flow cytometry and caspase 3 
activity. And cell migration and invasion were detected by Transwell assay. Target associa-
tion between miR-502-5p and hsa_circ_0000144 or ADAM9 was demonstrated by dual- 
luciferase reporter assay and RNA immunoprecipitation (RIP) assay. Moreover, role of 
hsa_circ_0000144 in vivo was analyzed by xenograft tumor assay.
Results: Hsa_circ_0000144 and ADAM9 were highly expressed, while miR-502-5p was 
downregulated in OXA-resistant GC tissues and cells. Depletion of hsa_circ_0000144 could 
inhibit OXA resistance, proliferation and metastasis in OXA-resistant GC cells, which was 
attenuated by miR-502-5p inhibition. Hsa_circ_0000144 sponged miR-502-5p to positively 
regulate ADAM9 expression. MiR-502-5p suppressed OXA resistance, proliferation and 
metastasis in OXA-resistant GC cells by targeting ADAM9. Hsa_circ_0000144 knockdown 
could hamper tumor growth in vivo.
Conclusion: Hsa_circ_0000144 exerted inhibitory effects on OXA resistance, proliferation and 
metastasis of OXA-resistant GC cells by regulating miR-502-5p/ADAM9 axis, at least in part.
Keywords: GC, OXA resistance, hsa_circ_0000144, miR-502-5p, ADAM9, OXA-resistant 
GC cells

Introduction
Gastric cancer (GC) is a serious threat to human health and wealth, ranking as the most 
common subtype and the most lactiferous cancer among malignancies derived from 
gastrointestinal system.1 Unhealthy dietary habits and infection with Helicobacter pylori 
are the main risk factors of developing GC.2 At present, gastrectomy and chemotherapy 
remain to be major approaches for GC treatment. But occurrence of drug resistance 
significantly reduced therapeutic efficiency.3 Oxaliplatin (OXA) is a broadly used anti- 
cancer medicine worldwide.4 Therefore, clarifying the molecular mechanisms associated 
with GC progression and chemoresistance development is urgently needed.

Correspondence: Liangjun Xue  
Department of Radiotherapy, Yijishan 
Hospital of Wannan Medical College, No. 
2 Zheshan West Road, Wuhu City, Anhui 
Province, 241001, People’s Republic of 
China  
Tel +86 553-5738279  
Email xuelj016@163.com

OncoTargets and Therapy 2021:14 2773–2787                                                              2773
© 2021 Gao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:xuelj016@163.com
http://www.dovepress.com/permissions.php
http://www.dovepress.com


Circular RNAs (circRNAs) are a novel category of 
non-coding RNAs (ncRNAs), characterized by the spe-
cial covalently closed loop structure.5 CircRNAs have 
been discovered to function in proliferation, apoptosis 
and metastasis of GC cells, as well as to act as diagnos-
tic biomarkers.6 NcRNAs, including long noncoding 
RNAs (lncRNAs) and circRNAs, were reported to have 
close association with GC chemoresistance.7 For exam-
ple, circRNA_001569 facilitated GC cell growth by 
sponging miR-145.8 CircRNA circ-PVT1 promoted 
paclitaxel resistance of GC cells by sponging miR-124- 
3p to increase ZEB1 expression.9 Moreover, 
circ_0001546 could suppress GC cell proliferation and 
OXA resistance by absorbing miR-421 and activating 
ATM/Chk2/p53-dependent pathway.10 Derived from 
SLAM family member 6 (SLAMF6), hsa_circ_0000144 
(Location: chr1:160472466–160472794; spliced 
sequence length: 328 bp) was demonstrated to be an 
oncogene in GC progression.11 However, the role of 
hsa_circ_0000144 in GC OXA resistance remains to be 
investigated.

MicroRNAs (miRNAs) are also ncRNAs, with diverse 
regulatory roles in multicellular organisms.12 MiRNAs 
were identified as biomarkers for GC chemoresistance, 
with potential applicability for GC diagnosis and 
therapy.13 MiR-502-5p participated in GC development 
through modulating IRF-1 expression.14 Circular RNA 
Interactome predicted miR-502-5p to be a target of hsa_-
circ_0000144. Here, we intended to explore the functional 
effects of miR-502-5p on OXA resistance of GC cells.

A disintegrin and metalloproteinase 9 (ADAM9) is 
a member of the ADAM family, which has the potential 
to be a therapeutic target for human cancers.15 ADAM9 is 
involved in intercellular interactions and degradation of 
extracellular matrix (ECM).16 ADAM9 was evidenced to 
be upregulated in GC tissues and cells, and played pro- 
tumor role in GC.17 Moreover, ADAM9 was predicted to 
be a target mRNA of miR-502-5p by TargetScan. The 
involvement of hsa_circ_0000144/miR-502-5p/ADAM9 
pathway in GC OXA resistance and development needs 
to be corroborated.

In this work, OXA-resistant GC cell lines were struc-
tured. The dysregulation of hsa_circ_0000144 in OXA- 
resistant GC tissues and cells was determined. Functional 
assays in vitro and in vivo were performed to explore the 
role of hsa_circ_0000144 in GC progression, as well as the 
potential mechanism.

Materials and Methods
Patients and Tissues
Prior to this study, we acquired permission from the Ethic 
Committee of Baoji Central Hospital. Fifty pairs of GC 
tissues and matched normal tissues were collected from 
patients diagnosed with GC at Baoji Central Hospital. All 
tumor tissues were classified as OXA-sensitive (25 cases) 
and OXA-resistant (25 cases) on the basis of Revised 
RECIST guideline (version 1.1).18 Clinical samples were 
kept at −80°C until used. All patients submitted written 
informed consents.

Cell Culture and Transfection
Human gastric mucosal cell line GES-1 (CL-0563; Procell, 
Wuhan, China), GC cell lines AGS (CRL-1739; Procell) 
and MKN45 (CL-0292; Procell) were cultured in Roswell 
Park Memorial Institute (RPMI)-1640 medium 
(Invitrogen, Carlsbad, CA, USA) supplemented with 
10% fetal bovine serum (v/v) (Gibco, Gran Island, NY, 
USA) and 1% penicillin/streptomycin (Invitrogen) in a 37° 
C humidified incubator containing 5% CO2. To construct 
OXA-resistant cell lines (AGS/OXA and MKN45/OXA), 
MKN45 and AGS cells were exposed treated with gradu-
ally increasing concentrations of OXA (Solarbio, Beijing, 
China) for 6 months as previously described.19 To main-
tain OXA resistance, medium was added with OXA (12.4 
µM for AGS/OXA and 18.6 µM for MKN45/OXA).

Small interfering RNAs (siRNAs) against hsa_-
circ_0000144 (si-hsa_circ_0000144#1, 5ʹ-AGGGAGAG 
AGAGGTAGAACTA-3ʹ, si-hsa_circ_0000144#2, 5ʹ-AA 
GGGAGAGAGAGGTAGAACT-3ʹ and si-hsa 
_circ_0000144#3, 5ʹ-GAAAGGGAGAGAGA 
GGTAGAA-3ʹ), miR-502-5p mimic (miR-502-5p, 5ʹ- 
AUCCUUGCUAUCUGGGUGCUA-3ʹ), miR-502-5p inhibi-
tor (anti-miR-502-5p, 5ʹ-UAGGAACGAUAGACC 
CACGAU-3ʹ) and overexpression vector of ADAM9 
(pcDNA-ADAM9), as well as their corresponding negative 
controls (si-NC, 5ʹ-GGACUCUCGGAUUGUAAGAUU-3ʹ, 
NC, 5ʹ-ACGUGACACGUUCGGAGAA-3ʹ, anti-NC, 5ʹ- 
UGAGCUGCAUAGAGUAGUGAUUA-3ʹ and pcDNA- 
NC) were synthesized by GenePharma (Shanghai, China). In 
addition, overexpression plasmid of hsa_circ_0000144 har-
boring its full length (hsa_circ_0000144) and negative control 
(circ-NC) were established using pCD5-ciR vector by 
Geneseed Biotech Co., Ltd. (Guangzhou, China). AGS/OXA 
and MKN45/OXA cells were transfected with oligonucleo-
tides or plasmids using Lipofectamine 3000 (Invitrogen) as 
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instructed by the manufacturer. After 48 h, transfected OXA- 
resistant GC cells were subjected for further investigation.

Quantitative Real-Time PCR (RT-qPCR)
Total RNA derived from clinical samples or cultured cells 
was isolated using TRIzol Reagent (Invitrogen), then 
reverse transcribed into cDNA exploiting GoScript 
Reverse Transcription System (Promega, Madison, WI, 
USA) or miScript Reverse Transcription Kit (Qiagen, 
Germantown, MD, USA). As the user’s manual directed, 
SYBR Green Realtime PCR Master Mix (Solarbio) was 
applied to evaluate the relative expression of hsa_-
circ_0000144 and mRNA, normalized to 18S rRNA. 
Additionally, all-in-one miRNA RT-qPCR Detection Kit 
(GeneCopoeia Inc., Rockville, MD, USA) was utilized to 
detect miRNAs expression, normalized to U6 snRNA. 
Relative expression of genes was calculated by 2−∆∆Ct 

formula.20 All qPCR primers were exhibited in Table 1.

Nuclear/Cytoplasmic Fractionation
The current assay was used to validate the intracellular 
localization of hsa_circ_0000144. Nuclear and cytoplas-
mic fractions were isolated using PARISTM Kit (Thermo 
Fisher Scientific, Waltham, MA, USA) in conformity to 
the recommended instructions.21 Moreover, U6 and 18S 
rRNA served as internal references for nuclear and cyto-
plasmic fractions, separately.

RNase R Treatment
To examine the stability of hsa_circ_0000144 in OXA- 
resistant GC cells, 10 μg total RNA was incubated with 
RNase R (40 U; Epicentre Biotechnologies, Madison, WI, 
USA) or not. At 1 h post digestion, the enrichments of 
hsa_circ_0000144 and linear mRNA (SLAMF6) were ana-
lyzed using RT-qPCR assay.

Drug Resistance Assay
AGS, MKN45, AGS/OXA and MKN45/OXA cells in 
a medium supplemented with 10% serum (5 × 103 per 
well) were separately plated into 96-well plates. Twenty- 
four hours later, medium containing OXA at different 
concentrations (5, 10, 20, 40, 80, 160 or 320 µM) was 
added to replace the complete medium. At 48 h post 
incubation, cell counting kit 8 (CCK-8) reagent (10 μL; 
Beyotime, Shanghai, China) was instilled into each well. 
After another 2 h, the absorbance at 450 nm was recorded 
using a microplate reader (Bio-Rad, Hercules, CA, USA). 

Subsequently, the survival curves were drawn, and the half 
inhibition concentration (IC50) was estimated.

Colony Formation Assay
For colony formation assay, transfected AGS/OXA and 
MKN45/OXA cells (5 × 102) were seeded into 6-well plates. 
After 15-d routine culture, generated colonies were fastened 
using 4% paraformaldehyde (Beyotime) and dyed using 
crystal violet (Beyotime), then counted utilizing Image 
J software (NIH, Bethesda, MD, USA) and photographed.

Cell Apoptosis Analysis
To monitor cell apoptosis, the Annexin V-fluorescein isothio-
cyanate (FITC) Apoptosis Detection kit (BD Biosciences, 
Franklin Lakes, NJ, USA) was applied. In brief, transfected 
AGS/OXA and MKN45/OXA cells were harvested and then 
incubated with Annexin V-FITC and propidium iodide (PI) 
in the dark for staining. Then, apoptotic cells were identified 
utilizing a flow cytometer (BD Biosciences).

Caspase 3 is a key mediator of cell apoptosis, whose 
activation is essential for apoptotic events and cell death.22 

Here, caspase-3 Activity Assay Kit (ab252897; Abcam, 
Cambridge, MA, USA) was used to evaluate the caspase 
3 activity in AGS/OXA and MKN45/OXA cells referring 
to the specifications.

Transwell Migration and Invasion Assays
For migration analysis, 1 × 104 transfected AGS/OXA and 
MKN45/OXA cells in medium without serum were plated 
in the upper chambers (8 µm; BD Biosciences). 
Meanwhile, complete medium was added into the lower 
ones. Twenty-four hours later, non-migrated cells were 
discarded. Cells migrated through fibronectin-coated poly-
carbonate membrane were subjected to immobilization 
using paraformaldehyde (Beyotime), staining using crystal 
violet and counting under a microscope (100 ×).

As for invasion detection, 4 × 104 transfected cells in 
serum-free medium were plated in the upper chambers 
pre-coated with Matrigel (BD Biosciences). Remaining 
steps were consistent with migration assay.

Target Prediction
Circular RNA Interactome (https://circinteractome.nia.nih. 
gov/index.html) and TargetScan (http://www.targetscan.org/ 
mamm_31/) were used to search the target genes of hsa_-
circ_0000144 and miR-502-5p, respectively. And miR-502- 
5p and ADAM9 were predicted to be corresponding 
candidates.
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Dual-Luciferase Reporter Assay
To validate the above prediction, dual-luciferase reporter assay 
was implemented. The predicted complementary sequences in 
hsa_circ_0000144 and ADAM9 3ʹUTR (5ʹ-CAAGGA-3ʹ) 
were mutated into (5ʹ-GUCUCU-3ʹ) using GENEART Site- 
Directed Mutagenesis System (Thermo Fisher Scientific). 
Then, the wild-type and mutant hsa_circ_0000144 and 
ADAM9 were cloned into pmirGlO Dual-Luciferase 
miRNA Target Expression Vector (Promega, Madison, WI, 
USA) to generate hsa_circ_0000144-wt, hsa_circ_0000144- 
mut, ADAM9-wt and ADAM9-mut. AGS/OXA and MKN45/ 
OXA cells were co-transfected with above vector and NC or 
miR-502-5p. Forty-eight hours later, luciferase density was 
determined by Dual-Glo Luciferase Assay System kit 
(Promega) in accordance with the user’s manual.

RNA Immunoprecipitation (RIP) Assay
A RIP assay was also conducted to evaluate the direct 
binding between miR-502-5p and hsa_circ_0000144 or 
ADAM9 with EZ-Magna RIP Kit (Millipore, Billerica, 
MA, USA). In short terms, AGS/OXA and MKN45/OXA 
cells were lysed in specified lysis buffer supplied by kit. 
Generated cell lysate was mixed with RIP buffer containing 
magnetic beads conjugated with antibody against Ago2 
(ab32381, 1:50 dilution; Abcam, Shanghai, China) or con-
trol IgG (ab109489, 1:100 dilution; Abcam). After digestion 
with Proteinase K (Invitrogen), coprecipitated RNA was 
analyzed by RT-qPCR assay to detect the enrichment of 
hsa_circ_0000144, miR-502-5p and ADAM9.

Table 1 The Primer Sequences for qPCR in This Study

Primer Sequences (5ʹ–3ʹ)

has-circ 
_0000144

Forward GAGTGTTGGCCTGTCCTCAA

Reverse TTGTGCCCAGTTGCCTGTAT

miR-1178 Forward TGCTCACTGTTCTTCCC

Reverse GAACATGTCTGCGTATCTC

miR-1276 Forward AAGAGCCCTGTGGAGAC

Reverse GAACATGTCTGCGTATCTC

miR-197 Forward TTCACCACCTTCTCCAC

Reverse GAACATGTCTGCGTATCTC

miR-217 Forward TACTGCATCAGGAACTGA

Reverse GAACATGTCTGCGTATCTC

miR-485-3p Forward AGAGGCTGGCCGTGAT

Reverse GAACATGTCTGCGTATCTC

miR-502-5p Forward TCCTTGCTATCTGGGTG

Reverse GAACATGTCTGCGTATCTC

miR-526b Forward CTCTTGAGGGAAGCACT

Reverse GAACATGTCTGCGTATCTC

miR-532-3p Forward GCCTTGAGTGTAGGACC

Reverse GAACATGTCTGCGTATCTC

miR-554 Forward TAGTCCTGACTCAGCCA

Reverse GAACATGTCTGCGTATCTC

miR-580 Forward TTGAGAATGATGAATCATTAG

Reverse GAACATGTCTGCGTATCTC

miR-583 Forward CAAAGAGGAAGGTCCCA

Reverse GAACATGTCTGCGTATCTC

miR-610 Forward GAGCTAAATGTGTGCTGG

Reverse GAACATGTCTGCGTATCTC

miR-623 Forward CCTTGCAGGGGCTGTT

Reverse GAACATGTCTGCGTATCTC

miR-942 Forward TCTTCTCTGTTTTGGCCA

Reverse GAACATGTCTGCGTATCTC

ADAM9 Forward GCTAGTTGGACTGGAGATTTGG

Reverse TTATTACCACAGGAGGGAGCAC

MAP7 Forward CAACAAGCGGCTCTCAAAGTCC

Reverse GCGTCATCAGACGATCCACGAT

(Continued)

Table 1 (Continued). 

Primer Sequences (5ʹ–3ʹ)

IRS4 Forward GACGAGATGCTTTTCACCAGGC

Reverse GCACTGAAACCGCTCTCCTTGA

NRP2 Forward GTCTCCTACAGCCTAAACGGCA

Reverse GGGTCAAACCTTCGGATGTCAG

E2F3 Forward AGCGGTCATCAGTACCTCTCAG

Reverse TGGTGAGCAGACCAAGAGACGT

18S rRNA Forward AGGCGCGCAAATTACCCAATCC

Reverse GCCCTCCAATTGTTCCTCGTTAAG

U6 snRNA Forward CTCGCTTCGGCAGCACA

Reverse AACGCTTCACGAATTTGCGT
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Western Blot Analysis
Protein samples were prepared using Radio- 
Immunoprecipitation Assay (RIPA; Beyotime), followed 
by concentration measurement using a bicinchoninic acid 
protein assay kit (Thermo Fisher Scientific). Subsequently, 
40 μg protein samples were separated by fresh sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE) and transferred onto the polyvinylidene fluoride 
membranes (Millipore). After blockage with 5% defatted 
milk, membranes were incubated with primary antibody 
against ADAM9 (ab218242, 1: 2000 dilution; Abcam), 
proliferating cell nuclear antigen (PCNA; ab92552, 
1:2000 dilution; Abcam), ATP binding cassette subfamily 
B member 1 (ABCB1; ab235954, 1:3000 dilution; Abcam) 
or loading control β-actin (ab124964, 1:5000 dilution; 
Abcam) at 4°C overnight, and then probed with secondary 
antibody (ab205718, 1:10,000 dilution; Abcam) at room 
temperature for 1 h. At last, protein signals were activated 
exploiting enhanced chemiluminescence kit (Thermo 
Fisher Scientific) and evaluated using Image J software.

Xenograft Tumor Assay
This assay was performed under the ratification from the 
Ethics Committee of Baoji Central Hospital. Lentivirus vec-
tors embracing harboring short hairpin RNA (shRNA) tar-
geting hsa_circ_0000144 (Lenti-sh-hsa_circ_0000144) and 
its negative control (Lenti-sh-NC) were constructed by 
Hanbio Biotechnology Co., ltd (Shanghai, China). BALB/c 
nude mice (male, 5 weeks old) bought from Shanghai SLAC 
Laboratory Animal Co., Ltd. (Shanghai, China) were sub-
cutaneously injected with AGS/OXA cells (2 × 106) stably 
transfected with Lenti-sh-hsa_circ_0000144 or Lenti-sh-NC 
(n=5). After 5 d, volume of generated tumors was recorded 
(Volume = length ×width/2) every 5 d. And each mouse was 
intraperitoneally inoculated with OXA (35 mg/kg) every 5 
d for 5 times. Thirty days later, all mice were killed, and 
tumor volume inhibition rate was calculated. And tumor 
tissues were collected and weighed, followed by RT-qPCR 
and Western blot assays.

Statistical Analysis
All data were generated from ≥3 independent experiments, 
and analyzed by SPSS 21.0 (SPSS, Chicago, IL, USA), then 
expressed as mean ± standard deviation. Difference was 
assessed by Student t-test or one-way analysis of variance 
(ANOVA) followed by Tukey’s test. P<0.05 was considered 
as statistically significant. Moreover, correlation analysis 

among hsa_circ_0000144, miR-502-5p and ADAM9 in GC 
tissues was conducted with Pearson’s correlation analysis.

Results
Hsa_circ_0000144 Expression Was 
Upregulated in OXA-Resistant GC 
Tissues and Cells
According to microarray data GSE78092 downloaded 
from the Gene Expression Omnibus (GEO) database, 
hsa_circ_0000144 was highly enriched in GC tissues 
(Figure 1A). We then detected the relative expression 
level of hsa_circ_0000144 in 25 cases of OXA-sensitive 
and 25 cases of OXA-resistant GC tissues. As exhibited in 
Figure 1B, hsa_circ_0000144 was upregulated in both 
OXA-sensitive and OXA-resistant GC tissues when com-
pared to normal tissues, especially in OXA-resistant GC 
tissues. Likewise, we found that hsa_circ_0000144 expres-
sion was higher in AGS and MKN45 cells relative to GES- 
1 cells. Additionally, hsa_circ_0000144 was upregulated 
in OXA-resistant GC cells (AGS/OXA and MKN45/OXA 
cells) in contrast to corresponding parental OXA-sensitive 
GC cells (Figure 1C). In order to explore the potential 
molecular mechanism of hsa_circ_0000144 in GC devel-
opment, the subcellular location was determined via 
nuclear/cytoplasmic fractionation. Results showed that 
hsa_circ_0000144 was mainly located in the cytoplasm 
of AGS/OXA and MKN45/OXA cells (Figure 1D). 
Moreover, the expression level of linear mRNA, rather 
than hsa_circ_0000144, was declined in AGS/OXA and 
MKN45/OXA cells after RNase R digestion, suggesting 
the stable structure of hsa_circ_0000144 (Figure 1E). 
Taken together, hsa_circ_0000144 was upregulated in 
OXA-resistant GC tissues and cells.

Hsa_circ_0000144 Depletion Suppressed 
OXA Resistance, Proliferation and 
Metastasis in OXA-Resistant GC Cells
CCK-8 assay was carried out to analyze the survival 
rate of AGS/OXA and MKN45/OXA cells as well as 
corresponding parental OXA-sensitive GC cells treated 
by OXA at different concentrations. As illustrated in 
Figure 2A, OXA treatment efficiently reduced the sur-
vival rate of cells in a concentration-dependent way. 
The IC50 values of OXA in AGS, AGS/OXA, MKN45 
and MKN45/OXA cells were 60.98, 212.8, 70.57 and 
289.2, indicating AGS/OXA and MKN45/OXA were 
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OXA-resistant cell lines. Then, siRNAs against 
hsa_circ_0000144 (si-hsa_circ_0000144#1, si-hsa 
_circ_0000144#2 and si-hsa_circ_0000144#3) and si- 
NC were introduced into AGS/OXA and MKN45/ 
OXA cells. Among the three, si-hsa_circ_0000144#1 
exhibited the best knockdown efficiency (Figure 2B). 
Therefore, it was selected for subsequent assays. 
Hsa_circ_0000144 knockdown distinctly reduced the 
IC50 values of OXA in AGS/OXA (from 222.5 to 
88.49) and MKN45/OXA cells (from 295.1 to 99.09) 
(Figure 2C). Colony formation assay revealed that 
hsa_circ_0000144 depletion also inhibited the colony 
formation ability of OXA-resistant GC cells (Figure 
2D). Moreover, silencing of hsa_circ_0000144 
obviously elevated apoptotic rate (Figure 2E) and cas-
pase 3 activity (Figure 2F) in AGS/OXA and MKN45/ 
OXA cells. Transwell assay showed that 
hsa_circ_0000144 depletion also repressed migration 
and invasion in OXA-resistant GC cells (Figure 2G 
and H). Moreover, depletion of hsa_circ_0000144 effi-
ciently reduced the protein level of chemoresistance- 
related protein ABCB1 in OXA-resistant GC cells. 
(Supplementary Figure S1C). Taken together, 
hsa_circ_0000144 knockdown inhibited OXA 

resistance, proliferation and metastasis in OXA- 
resistant GC cells.

MiR-502-5p Was a Direct Target of 
hsa_circ_0000144
Mounting has suggested that circRNAs could sponge 
miRNAs to regulate the stability and transcription of 
mRNAs in cancer.23 Herein, circular RNA Interactome 
predicted that there existed 14 possible target miRNAs of 
hsa_circ_0000144, including miR-1178, miR-1276, miR- 
197, miR-217, miR-485-3p, miR-502-5p, miR-526b, 
miR-532-3p, miR-554, miR-580, miR-583, miR-610, 
miR-623 and miR-942. Additionally, the expression 
level of miR-502-5p in OXA-resistant GC cells with 
hsa_circ_0000144 overexpression exhibited the most sig-
nificant downregulation among these 14 miRNAs 
(Supplementary Figure S1A), thus miR-502-5p was cho-
sen for further investigation. The binding sites between 
hsa_circ_0000144 and miR-502-5p are shown in Figure 
3A. Dual-luciferase reporter assay revealed that transfec-
tion with miR-502-5p, other than NC, significantly 
repressed the luciferase density of AGS/OXA and 
MKN45/OXA cells co-transfected with hsa_-
circ_0000144-wt, resulting in about 70% reduction. 

Figure 1 Hsa_circ_0000144 expression was upregulated in OXA-resistant GC tissues and cells. (A) Expression of hsa_circ_0000144 in GC tissues and normal tissues 
showed by GSE78092 database. (B) RT-qPCR assay for the expression of hsa_circ_0000144 in normal tissues, 25 cases of OXA-sensitive and 25 cases of OXA-resistant GC 
tissues. (C) RT-qPCR assay for the expression of hsa_circ_0000144 in GES-1, AGS, AGS/OXA, MKN45 and MKN45/OXA cells. (D) Nuclear-cytoplasmic fractionation for 
the location of hsa_circ_0000144 in AGS/OXA and MKN45/OXA cells. (E) RT-qPCR assay for the expression of hsa_circ_0000144 and linear mRNA in RNA isolated from 
AGS/OXA and MKN45/OXA cells digested with RNase R or not. *P < 0.05.
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While luciferase activity of cells co-transfected with 
hsa_circ_0000144-mut changed little (Figure 3B). RIP 
assay showed that both hsa_circ_0000144 and miR-502- 
5p were highly enriched in AGS/OXA and MKN45/OXA 
cells in Anti-Ago2 group (Figure 3C). As we could see in 
Figure 3D, hsa_circ_0000144 expression was apparently 
increased in AGS/OXA and MKN45/OXA cells due to 
transfection with hsa_circ_0000144 overexpression plas-
mid, and cells introduced with circ-NC acted as control. 
Then, RT-qPCR assay proved the hsa_circ_0000144 over-
expression-induced downregulation of miR-502-5p and 
hsa_circ_0000144 depletion-induced upregulation of 
miR-502-5p in AGS/OXA and MKN45/OXA cells 

(Figure 3E). As expected, miR-502-5p expression was 
downregulated in GC tissues in contrast to normal tis-
sues, especially in OXA-resistant GC tissues (Figure 3F). 
Furthermore, hsa_circ_0000144 expression in GC tissues 
was inversely correlated with that of miR-502-5p (P < 
0.0001, r = −0.7863) (Figure 3G). Similarly, miR-502-5p 
was downregulated in OXA-sensitive and OXA-resistant 
GC cells when compared with GES-1 cells. And expres-
sion level of miR-502-5p in AGS/OXA and MKN45/ 
OXA cells was lower than that in AGS and MKN45 
cells, respectively (Figure 3H). The above results sug-
gested that hsa_circ_0000144 could target miR-502-5p 
and negatively regulated its expression.

Figure 2 Hsa_circ_0000144 depletion suppressed OXA resistance, proliferation and metastasis in OXA-resistant GC cells. (A) CCK-8 assay for the survival rate of AGS, 
AGS/OXA, MKN45 and MKN45/OXA cells treated with OXA at different concentrations (5, 10, 20, 40, 80, 160 or 320 µM). (B) RT-qPCR assay for the expression of 
hsa_circ_0000144 in AGS/OXA and MKN45/OXA cells transfected with si-NC, si-hsa_circ_0000144#1, si-hsa_circ_0000144#2 or si-hsa_circ_0000144#3. (C–H) AGS/ 
OXA and MKN45/OXA cells were transfected with si-NC or si-hsa_circ_0000144#1. (C) CCK-8 assay for the survival rate of transfected cells treated with OXA at 
different concentrations (5, 10, 20, 40, 80, 160 or 320 µM). (D) Colony formation assay for the colony formation ability of transfected cells. (E) Flow cytometry for the cell 
apoptosis in transfected cells. (F) Caspase 3 activity in transfected cells determined by commercial kit. (G and H) Transwell assay for the cell migration and invasion in 
transfected cells. *P < 0.05.
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MiR-502-5p Inhibition Weakened 
hsa_circ_0000144 Depletion-Mediated 
Inhibitory Effects on OXA Resistance, 
Proliferation and Metastasis in 
OXA-Resistant GC Cells
We then investigated the role of miR-502-5p in hsa_-
circ_0000144 knockdown-mediated OXA-resistant GC 
cells. After transfection with miR-502-5p inhibitor, miR- 

502-5p expression was remarkably decreased in AGS/ 
OXA and MKN45/OXA cells (Figure 4A). And miR- 
502-5p inhibition almost reversed hsa_circ_0000144 
knockdown-induced the upregulation of miR-502-5p in 
AGS/OXA and MKN45/OXA cells (Figure 4B). 
Furthermore, aforementioned declined IC50 values of 
OXA (Figure 4C), reduced colony formation ability 
(Figure 4D), elevated apoptotic rate (Figure 4E) and cas-
pase 3 activity (Figure 4F), as well as inhibited migration 

Figure 3 MiR-502-5p was a direct target of hsa_circ_0000144. (A) The predicted binding positions between hsa_circ_0000144 and miR-502-5p by Circular RNA 
Interactome. (B) Dual-luciferase reporter assay for the luciferase activity of AGS/OXA and MKN45/OXA cells co-transfected with hsa_circ_0000144-wt or hsa_-
circ_0000144-mut and miR-502-5p or NC. (C) RIP and RT-qPCR assays for the binding efficiency of hsa_circ_0000144 and miR-502-5p to Ago2 protein in AGS/OXA 
and MKN45/OXA cells. (D) RT-qPCR assay for the expression of hsa_circ_0000144 in AGS/OXA and MKN45/OXA cells transfected with circ-NC or hsa_circ_0000144. (E) 
RT-qPCR assay for the expression of miR-502-5p in AGS/OXA and MKN45/OXA cells transfected with circ-NC or hsa_circ_0000144. (F) RT-qPCR assay for the expression 
of miR-502-5p in normal tissues, 25 cases of OXA-sensitive and 25 cases of OXA-resistant GC tissues. (G) Pearson’s correlation analysis for the correlation between 
hsa_circ_0000144 and miR-502-5p in 50 cases of GC tissues. (H) RT-qPCR assay for the expression of miR-502-5p in GES-1, AGS, AGS/OXA, MKN45 and MKN45/OXA 
cells. *P < 0.05.
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and invasion (Figure 4G and H) in AGS/OXA and 
MKN45/OXA cells caused by hsa_circ_0000144 depletion 
were all largely relieved by interference of miR-502-5p. 
Therefore, hsa_circ_0000144 deficiency repressed OXA 
resistance, proliferation and metastasis in OXA-resistant 
GC cells by antagonizing miR-502-5p.

MiR-502-5p Could Directly Target 
ADAM9
CircRNAs have been reported to function in tumorigen-
esis and development of GC by serving as competing 
endogenous RNAs (ceRNAs) of miRNAs to modulate 
the expression of target mRNAs.24 Here, TargetScan 

Figure 4 MiR-502-5p inhibition weakened hsa_circ_0000144 depletion-mediated inhibitory effects on OXA resistance, proliferation and metastasis in OXA-resistant GC 
cells. (A) RT-qPCR assay for the expression of miR-502-5p in AGS/OXA and MKN45/OXA cells transfected with anti-NC or anti-miR-502-5p. (B–H) AGS/OXA and 
MKN45/OXA cells were transfected with si-NC, si-hsa_circ_0000144#1 si-hsa_circ_0000144#1+anti-NC or si-hsa_circ_0000144#1+anti-miR-502-5p. (B) RT-qPCR assay 
for the expression of miR-502-5p in transfected cells. (C) CCK-8 assay for the survival rate of transfected cells treated with OXA at different concentrations (5, 10, 20, 40, 
80, 160 or 320 µM). (D) Colony formation assay for the colony formation ability of transfected cells. (E) Flow cytometry for the cell apoptosis in transfected cells. (F) 
Caspase 3 activity in transfected cells determined by commercial kit. (G and H) Transwell assay for the cell migration and invasion in transfected cells. *P < 0.05.
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was utilized to predict the downstream gene of miR- 
502-5p. As shown in Supplementary Figure S1B, 
ADAM9, MAP7, IRS4, NRP2 and E2F3 mRNA were 
predicted that contained the complementary binding 
sites for miR-502-5p. Besides, the levels of target 
mRNAs, especially ADAM9, were dramatically declined 
in AGS/OXA cells transfected with miR-502-5p mimic 

(Supplementary Figure S1B). To verify the predictions, 
ADAM9 3ʹUTR sequences harboring wild type (wt) or 
mutant type (mut) miR-502-5p binding sites were 
inserted into the luciferase reporter plasmids (Figure 
5A). Introduction of miR-502-5p efficiently decreased 
the luciferase density of AGS/OXA and MKN45/OXA 
cells co-transfected with ADAM9-wt relative to NC. 

Figure 5 MiR-502-5p could directly target ADAM9. (A) The predicted binding sites between miR-502-5p and ADAM9 3ʹUTR by TargetScan. (B) Dual-luciferase reporter 
assay for the luciferase activity of AGS/OXA and MKN45/OXA cells co-transfected with ADAM9-wt or ADAM9-mut and miR-502-5p or NC. (C) RIP and RT-qPCR assays 
for the binding efficiency of miR-502-5p and ADAM9 to Ago2 protein in AGS/OXA and MKN45/OXA cells. (D) Western blot assay for the protein level of ADAM9 in AGS/ 
OXA and MKN45/OXA cells transfected with si-NC, si-hsa_circ_0000144#1, si-hsa_circ_0000144#1+anti-NC or si-hsa_circ_0000144#1+anti-miR-502-5p. (E) RT-qPCR 
assay for the mRNA expression of ADAM9 in normal tissues, 25 cases of OXA-sensitive and 25 cases of OXA-resistant GC tissues. (F) Western blot assay for the protein 
level of ADAM9 in normal tissues, OXA-sensitive and OXA-resistant GC tissues. (G) Pearson’s correlation analysis for the correlation between hsa_circ_0000144 and 
ADAM9 mRNA in 50 cases of GC tissues. (H) Pearson’s correlation analysis for the correlation between miR-502-5p and ADAM9 mRNA in 50 cases of GC tissues. (I) RT- 
qPCR assay for the mRNA expression of ADAM9 in GES-1, AGS, AGS/OXA, MKN45 and MKN45/OXA cells. *P < 0.05.
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The luciferase density of cells co-transfected with 
ADAM9-mut was changeless (Figure 4B). Following 
RIP assay also confirmed the binding potency between 
miR-502-5p and ADAM9 (Figure 5C). As demonstrated 
via Western blot assay, hsa_circ_0000144 knockdown 
downregulated the protein level of ADAM9 in AGS/ 
OXA and MKN45/OXA cells, which was attenuated 
by miR-502-5p inhibitor (Figure 5D). The mRNA 
(Figure 5E) and protein (Figure 5F) levels of ADAM9 
were upregulated in GC tissues in comparison with 
normal tissues, especially in OXA-resistant GC tissues. 
There existed a positive correlation between hsa_-
circ_0000144 expression and ADAM9 mRNA expres-
sion (P < 0.0001, r = 0.6157) (Figure 5G), as well as 
a negative correlation between miR-502-5p expression 
and ADAM9 mRNA expression in GC tissues (P < 
0.0001, r = −0.6906) (Figure 5H). As illustrated in 
Figure 5I, ADAM9 protein level was upregulated in 
GC cells. When compared to OXA-sensitive GC cells, 
ADAM9 protein level was higher in OXA-resistant GC 
cells. To sum up, miR-502-5p targeted ADAM9 in 
OXA-resistant GC cells.

Overexpression of miR-502-5p Reduced 
OXA Resistance, Proliferation and 
Metastasis in OXA-Resistant GC Cells by 
Downregulating ADAM9 Expression
Subsequently, we further explored the co-effects of miR-502- 
5p and ADAM9 on cellular behaviors of OXA-resistant GC 
cells. MiR-502-5p expression apparently elevated in AGS/ 
OXA and MKN45/OXA cells transfected with miR-502-5p 
in contrast to cells transfected with NC (Figure 6A). Western 
bolt assay demonstrated that transfection with pcDNA- 
ADAM9 increased ADAM9 protein level in OXA-resistant 
GC cells compared to pcDNA-NC (Figure 6B). Moreover, 
overexpression of ADAM9 almost recovered miR-502-5p- 
mediated downregulated protein level of ADAM9 in AGS/ 
OXA and MKN45/OXA cells (Figure 6C). Furthermore, 
miR-502-5p-mediated decreased IC50 values of OXA 
(Figure 6D and E), inhibited colony formation ability 
(Figure 6F), raised apoptotic rate (Figure 6G) and caspase 3 
activity (Figure 6H), as well as repressed migration and 
invasion (Figure 6I and J) were all largely rescued by upre-
gulation of ADAM9. Therefore, miR-502-5p exerted 
repressed impact on OXA resistance, proliferation and 
metastasis in OXA-resistant GC cells by downregulating 
ADAM9 expression.

Hsa_circ_0000144 Depletion Inhibited 
GC Tumor Growth in vivo
AGS/OXA cells stably expressing sh-hsa_circ_0000144 
or sh-NC were injected into nude mice, followed by 
inoculation with OXA. As shown in Figure 7A and B, 
hsa_circ_0000144 knockdown reduced tumor growth, 
including volume and weight, and hsa_circ_0000144 
depletion induced higher tumor volume inhibition rate 
in contrast with sh-NC group. In addition, tumors in 
Lenti-sh-hsa_circ_0000144 or Lenti-sh-hsa 
_circ_0000144+OXA group exhibited lower expression 
of hsa_circ_0000144, ADAM9 and PCNA (proliferation 
biomarker), as well as higher expression of miR-502-5p 
relative to corresponding control (Figure 7C and D). The 
above data manifested that hsa_circ_0000144 knockdown 
could block GC tumor growth in vivo.

Discussion
CircRNAs were identified as promising diagnostic biomar-
kers and therapeutic targets of GC. Moreover, the roles of 
circRNA-miRNA-mRNA axes in GC progression were 
manifested.25 In this project, hsa_circ_0000144 was dis-
covered to be upregulated in OXA-resistant GC tissues 
and cells. Functionally, silencing of hsa_circ_0000144 
had inhibitory effects on OXA resistance, proliferation, 
metastasis and tumorigenesis in OXA-resistant GC cells, 
which were attributed to miR-502-5p/ADAM9 axis, at 
least in part.

As previously reported, hsa_circ_0000144 could 
facilitate bladder cancer progression by antagonizing 
miR-217 to upregulate RUNX2 expression, serving as 
a tumor-promoting agent.26 Also known as 
circSLAMF6, hsa_circ_0000144 brought promoted 
impact on GC cell proliferation and mobility, with 
potential applicability for GC diagnosis and 
treatment.11 Fang et al verified that hsa_circ_0000144 
expression was upregulated in GC cells under hypoxia 
conditions. Hsa_circ_0000144 deficiency suppressed 
glycolysis, metastasis and tumorigenesis of GC cells 
under hypoxia through the regulation of miR-204-5p/ 
MYH9 axis.27 In addition, hsa_circ_0000144 sponged 
miR-623 to upregulate GPRC5A expression, so as to 
promote GC progression.28 In keeping with former dis-
coveries, we also detected the upregulation of hsa_-
circ_0000144 in GC tissues and cells, especially in 
OXA-resistant tissues and cells. The inhibitory influence 
of hsa_circ_0000144 knockdown on OXA resistance, 
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proliferation and metastasis in OXA-resistant GC cells 
in vitro, as well as on tumor growth in vivo was 
disclosed.

It is widely accepted that circRNAs could function by 
acting as sponges of target miRNAs.29 Herein, miR-502-5p 
was confirmed as a target miRNA of hsa_circ_0000144. 

Figure 6 Enforced expression of miR-502-5p reduced OXA resistance, proliferation and metastasis in OXA-resistant GC cells by downregulating ADAM9 expression. (A) 
RT-qPCR assay for the expression of miR-502-5p in AGS/OXA and MKN45/OXA cells transfected with NC or miR-502-5p. (B) Western blot assay for the protein level of 
ADAM9 in AGS/OXA and MKN45/OXA cells transfected with pcDNA-NC or pcDNA-ADAM9. (C–J) AGS/OXA and MKN45/OXA cells were transfected with NC, miR- 
502-5p, miR-502-5p+pcDNA-NC or miR-502-5p+pcDNA-ADAM9. (C) Western blot assay for the protein level of ADAM9 in transfected cells. (D and E) CCK-8 assay for 
the survival rate of transfected cells treated with OXA at different concentrations (5, 10, 20, 40, 80, 160 or 320 µM). (F) Colony formation assay for the colony formation 
ability of transfected cells. (G) Flow cytometry for the cell apoptosis in transfected cells. (H) Caspase 3 activity in transfected cells determined by commercial kit. (I and J) 
Transwell assay for the cell migration and invasion in transfected cells. *P < 0.05.
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MiR-502-5p was demonstrated to be a tumor suppressor in 
colon cancer,30 breast cancer31 and bladder cancer,32 as well 
as in GC.33 Peng et al found that miR-502-5p was low 
expressed in GC. And it exerted anti-proliferation, anti- 
migration and anti-invasion roles in GC cells by down-
regulating SP1 expression.33 Furthermore, miR-502-5p 
was sponged by circ_0032627, involved in circ_0032627- 
mediated GC progression.34 From our data, miR-502-5p 
was downregulated in GC tissues and cells, as well as in 
OXA-resistant tissues and cells, similar to above reports. In 
addition, miR-502-5p efficiently repressed OXA resistance, 
proliferation and metastasis in OXA-resistant GC cells, 
performing as a tumor-suppressor role. And miR-502-5p 
inhibition attenuated hsa_circ_0000144 knockdown- 
induced repressed impact on OXA-resistant GC cells.

The target gene of miR-502-5p was searched by 
TargetScan. And ADAM9 was proved to be a direct 
target of miR-502-5p by dual-luciferase reporter assay 
and RIP assay. As a member of the ADAM family, 
ADAM9 could accelerate growth, invasion and metas-
tasis of different types of human solid cancer.35 

ADAM9 was closely associated with GC cell 

proliferation and invasion. Reducing ADAM9 activity 
might help to inhibit GC development and metastasis.36 

Moreover, the tumor-suppressor role of miR-129-5p37 

or miR-12617 in GC was attributed to targeting 
ADAM9. Consistent with a previous report,38 

ADAM9 was upregulated in GC tissues and cells, 
especially in OXA-resistant tissues and cells. And 
hsa_circ_0000144 positively regulated ADAM9 
expression by absorbing miR-502-5p. We found the 
overexpressed ADAM9-induced reversed impact on 
the repressed OXA resistance, proliferation and metas-
tasis in OXA-resistant GC cells, which were triggered 
by miR-502-5p. Collectively, hsa_circ_0000144 might 
affect OXA resistance and progression in GC through 
miR-502-5p/ADAM9 pathway.

In conclusion, hsa_circ_0000144 was highly enriched in 
OXA-resistant tissues and cells. Hsa_circ_0000144 sponged 
miR-502-5p to upregulate ADAM9, thereby aggravating 
OXA resistance and progression of GC. We were the first 
to manifest the involvement of hsa_circ_0000144/miR-502- 
5p/ADAM9 regulatory axis in GC development. Our find-
ings highlighted a promising target for GC therapy.

Figure 7 Hsa_circ_0000144 depletion inhibited GC tumor growth in vivo. AGS/OXA cells stably expressing sh-hsa_circ_0000144 or sh-NC were injected into nude mice, 
followed by inoculation with OXA. (A) Tumor volume measured every 5 d, image collected at 30 d post injection. (B) Tumor weight measured at 30 d post injection. (C) RT- 
qPCR assay for the expression of hsa_circ_0000144 and miR-502-5p in generated tumors. (D) Western blot assay for the protein levels of ADAM9 and PCNA generated 
tumors. *P < 0.05.
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