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Abstract. – OBJECTIVE:  The long non-cod-
ing RNA DDX11 antisense RNA 1 (DDX11-AS1) was 
found to be highly expressed in gastric cancer 
(GC). This study was to explore the role and mo-
lecular mechanism in oxaliplatin (OXA) resistance.

PATIENTS AND METHODS: The levels of 
DDX11-AS1, microRNA-326 (miR-326) and insu-
lin receptor substrate 1 (IRS1) were measured by 
quantitative Real-time polymerase chain reac-
tion (qRT-PCR). Cell proliferation, migration, inva-
sion and apoptosis were examined by methylth-
iazolyldiphenyl-tetrazolium bromide (MTT), tran-
swell and flow cytometry assays, respectively. 
Levels of all protein were detected using West-
ern blot. The correlation between miR-326 and 
DDX11-AS1/IRS1 was confirmed by Dual-Lucifer-
ase reporter and RNA immunoprecipitation (RIP) 
assays. The xenograft model was constructed to 
explore the effect of DDX11-AS1 in vivo.

RESULTS: DDX11-AS1 was overexpressed in 
OXA-resistant GC tissues and cells, and DDX11-
AS1 knockdown inhibited cell proliferation, mi-
gration, invasion and OXA resistance, and pro-
moted apoptosis in OXA-resistant GC cells. Me-
chanically, DDX11-AS1 directly targeted miR-326 
and miR-326 could bind to IRS1 in OXA-resis-
tant GC cells. Functionally, silencing DDX11-AS1 
repressed the progression and OXA resistance 
in OXA-resistant GC cells by down-modulating 
IRS1 expression via sponging miR-326 in vitro 
and in vivo.

CONCLUSIONS: DDX11-AS1 accelerated the 
progression and OXA chemoresistance of GC 
cells in vitro and in vivo by sponging miR-326, 
thus increasing the expression of IRS1, suggest-
ing DDX11-AS1 might be a promising prognostic 
biomarker and therapeutic target in GC.
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Introduction

Gastric cancer (GC) is a malignant gastrointesti-
nal tumor, which has the second highest incidence 
and mortality rate in human cancers in China1. Al-
though the clinical treatment of GC has improved, 
the 5-year survival rate is still low2. In recent years, 
oxaliplatin (OXA), a third-generation platinum 
compound, is increasingly being used to treat pa-
tients with advanced GC, but the drug resistance 
becomes a great challenge. Meanwhile, the patho-
genesis of GC is still ambiguous, so it is of great 
significance to explore the molecular mechanism 
of tumorigenesis and OXA resistance in GC.

With the development of sequencing technolo-
gy, long non-coding RNAs (lncRNAs) have come 
into our sight3. Accumulated evidence suggested 
that lncRNA could involve in the regulation of 
tumor development and chemoresistance in GC. 
Interstingly, interfering lncRNA HULC in GC 
cells induced cisplatin-stimulated cell apoptosis4. 
LncRNA CASC2 knockdown elevated cell cis-
platin resistance in GC by targeting miR-19a5. In 
addition, Wu et al6 found that lncRNA BLACAT1 
facilitated OXA resistance of GC by modulating 
miR-361/ABCB1 axis. 

DDX11 antisense RNA 1 (DDX11-AS1) was 
demonstrated to be an oncogene in hepatocellu-
lar carcinoma7,8 and colorectal cancer9. It could 
regulate the tumor progression by influencing the 
biological behavior of cells. Furthermore, Liu et 
al10 revealed that DDX11-AS1 was up-regulated in 
GC tissues, suggesting DDX11-AS1 might have 
carcinogenic functions, but the specific molecular 
mechanism and its role in GC chemoresistance 
remain unknown.
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MicroRNAs (miRNAs) are also one of the 
ncRNAs that have been widely recognized to play 
a pivotal role in tumor growth and metastasis11. 
MiR-326 was reported to be reduced by acting 
as a tumor suppressor in many cancers, includ-
ing breast cancer12, cervical cancer13 and prostat-
ic carcinoma14. In GC, miR-326 was also found 
to down-modulate and hinder cell growth15. Im-
portantly, miR-326 expression was related to the 
survival of colorectal cancer patients treated with 
OXA16. However, the effect of miR-326 in OXA 
resistance of GC is not studied yet.

As a signal docking protein, insulin receptor 
substrate 1 (IRS1) is able to integrate different sig-
nals and deliver them to intracellular pathways17. 
Baserga18 supported that IRS1 acted as an onco-
gene to promote cell growth, metastasis and dif-
ferentiation. Besides, miR-1271 could target IRS1 
to regulate cisplatin resistance in GC cells19. How-
ever, the mechanism of IRS1 in GC and whether 
it could regulate OXA resistance remain to be ex-
plored. In this paper, the purpose was to investi-
gate the role of DDX11-AS1 on the progression of 
OXA-resistant GC and to explore the potential mo-
lecular mechanism of DDX11-AS1.

Patients and Methods

Tissue Samples and Cell Culture
Between February 2017 and January 2019, the 

tumor tissues and adjacent normal tissues from 
58 GC patients were obtained at The Affiliated 
Huai’an No.1 People’s Hospital of Nanjing Med-
ical University. These GC patients had written 
informed consents and had not received any treat-
ment before the tissues were collected. The tumor 
tissues were divided into two groups according 
to their sensitivity to OXA: resistant (n = 29) and 
sensitive (n = 29). Besides, our study was permit-
ted by the Human Ethics Committee of the Affil-
iated Huai’an No.1 People’s Hospital of Nanjing 
Medical University.

GC cell lines MKN45 and AGS were obtained from 
Procell (Wuhan, China). To establish the drug-resis-
tant GC cell line, MKN45 and AGS cells were ex-
posed to sequentially increasing concentration (7.5 
μM) of OXA. Finally, the OXA concentration was 
increased to 240  μM, and the cells were continuously 
maintained in 240  μM OXA. These cells were main-
tained in Roswell Park Memorial Institute-1640 (RP-
MI-1640, Thermo Fisher Scientific, Waltham, MA, 
USA) with 10% fetal bovine serum (FBS, Thermo 
Fisher Scientific) at 37°C with 5% CO2.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

GC tissues and transfected cells were collected 
for the extraction of total RNA using TRIzol re-
agent (Thermo Fisher Scientific). Then, comple-
mentary DNA (cDNA) was synthesized by a Pri-
meScriptTM RT reagent Kit (TaKaRa, Dalian, Chi-
na), and qRT-PCR was conducted on a 7500 Re-
al-Time PCR System (Applied Biosystems, Foster 
City, CA, USA) using the SYBR® Premix DimerE-
raser Kit (TaKaRa). Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) and U6 were used to act 
as the internal controls for lncRNA/mRNA and 
miRNA, respectively. Sequence of primers as fol-
lows: DDX11-AS1, Forward (F): 5’-TTAGGAGG-
ACAACGAATCACCTC-3’, Reverse (R): 5’-GT-
CATCTCCCAGAACCAGACTTT-3’. GAPDH, 
F: 5’-TGACTTCAACAGCGACACCCA-3’, R: 
5’-CACCCTGTTGCTGTAGCCAAA-3’. miR-
326, F: 5’-CCTCTGGGCCCTTCCTCCAG-3’, 
R: 5’-GCTGTCAACGATACGCTACCTA-3’. 
U6, F: 5’-CTCGCTTCGGCAGCACA-3’, R: 
5’-AACGCTTCACGAATTTGCGT-3’. IRS1, F: 
5’-ACTGGACATCACAGCAGAATGA-3’, R: 
5’-AGAACGTGCAGTTCAGTCAA-3’.

Cell Proliferation Assay
MKN45 and AGS cells were tiled into the 

96-well plates overnight. Cells were subsequent-
ly exposed to different doses of OXA. After 48 
h, 20  μL of methylthiazolyldiphenyl-tetrazoli-
um bromide (MTT) was added into the well for 
another 3  h, 100  μL dimethyl sulfoxide (DM-
SO, Beyotime, Beijing, China) was employed to 
dissolve formazan. Finally, the absorbance was 
checked by SpectraMax M3 microplate reader 
(Molecular Devices, Sunnyvale, CA, USA) at 
570  nm.

Transfection
To knockdown of DDX11-AS1, small interfer-

ing RNA specifically targeting DDX11-AS1 (si-
DDX11-AS1) and the control si-NC, short hairpin 
RNA targeting DDX11-AS1 (sh-DDX11-AS1) and 
the control sh-NC were synthesized by Gene-
Pharma (Shanghai, China). Hsa-miR-326 mimic 
(miR-326)/mimic control (miR-NC) and miR-326 
inhibitor (in-miR-326)/inhibitor control (in-miR-
NC) were purchased from GenePharma. For over-
expression, the coding sequences (CDS) of IRS1 
were inserted into the pcDNA vector (Invitrogen, 
Carlsbad, CA, USA). Transfections were per-
formed in OXA-resistant GC cells using the Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA, USA).



DDX11-AS1 promoted the progression of oxaliplatin-resistant gastric cancer

3051

Transwell Assay
Both cell migration and invasion were detected 

by Transwell assay, the only difference was that the 
chambers needed to be pre-coated with Matrigel 
(BD Biosciences, Franklin Lakes, NJ, USA) for 
detection cell invasion. Briefly, MKN45/OXA and 
AGS/OXA cells starved for 24 h were resuspended 
in serum-free medium, and 200 μL of cell suspen-
sion was added to the upper chambers, while 600 
μL of medium with 10% FBS was placed into the 
lower chambers. After incubation for 24 h, cells 
that migrated or invaded on the surface of inserts 
bottom were fixed and stained with 0.1% crystal 
violet (Beyotime Biotechnology, Shanghai, Chi-
na) for 20 min. Then the stained cells were photo-
graphed and counted with a microscope.

Cell Apoptosis Assay
To detect cellular apoptosis, Flow cytometry as-

say was carried out with an Annexin V fluorescein 
isothiocynate (FITC)/propidium iodide (PI) Apop-
tosis Detection Kit (BD Biosciences). After trans-
fected MKN45/OXA and AGS/OXA cells were in-
cubated for 48 h, cells were harvested and stained 
with FITC and PI for 20 min in the absence of light. 
The stained cells were analyzed using a FACS Cal-
iber flow cytometer (BD Biosciences).

Western Blot Assay
Proteins extracted from OXA-resistant GC 

tissues and cells were denatured for 5 minutes 
at 100°C. Proteins were isolated by sodium do-
decyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE, Beyotime) and transfected to polyvi-
nylidene difluoride (PVDF, Beyotime) membranes. 
After blocked in 5% non-fat dry milk for 2 h, the 
membranes were incubated with the primary anti-
bodies overnight at 4°C, and then incubated with 
secondary antibodies (1:5000, Abcam, Cambridge, 
MA, USA) for 2 h. Finally, these bands were visu-
alized by an ECL detection kit (Thermo Fisher Sci-
entific, Waltham, MA, USA) and the results were 
analyzed using ImageJ analysis software. Primary 
antibodies: multi-drug resistant associate protein1 
(MRP1, 1:50, Abcam), multi-drug resistance gene1 
(MDR1, 1:1000, Abcam), β-actin (1:5000, Abcam) 
and IRS1 (1:2000, Abcam).

Dual-Luciferase Reporter Assay
The correlation between miR-326 and DDX11-

AS1 or IRS1 was predicted by DIANA-LncBase v2 
or Micro-T CDS. The wild sequences of DDX11-
AS1 or its mutant containing miR-326 binding sites 
or without miR-326 binding sites were cloned into 

the pmirGLO vector (Promega Corporation, Mad-
ison, WI, USA) to generate DDX11-AS1 wild type 
(WT) and DDX11-AS1 mutant type (MUT) report 
plasmids. Also, the IRS1 3’UTR-WT and IRS1 
3’UTR-MUT report plasmids were constructed 
in a similar way. Then, these reporter plasmids 
were co-transfected with miR-326 or miR-NC into 
MKN45/OXA and AGS/OXA cells for 48 h. The 
luciferase activity was determined using a Du-
al-Luciferase reporter kit (Promega Corporation).

RNA Immunoprecipitation (RIP)
MKN45/OXA and AGS/OXA cells were trans-

fected with miR-326 or miR-NC. After 48 h, 
RIP assay was performed using the Magna RIP 
RNA-Binding Protein Immunoprecipitation Kit 
(Millipore, Billerica, MA, USA). In brief, cells 
were lysed using lysis buffer, and the cell lysate 
was mixed with RIP buffer containing magnet-
ic beads conjugated with Ago2 antibody or IgG 
antibody overnight. Next, the beads were incu-
bated with protease K, the RNA bound to Ago2 
antibody was extracted and qRT-PCR assay was 
applied to measure the expression of DDX11-AS1.

Nude Mice Xenograft Models
The animal experiments were approved by the 

Animal Care and Use Committee of the Affiliated 
Huai’an No.1 People’s Hospital of Nanjing Medi-
cal University. AGS/OXA cells stably transfected 
sh-NC or sh-DDX11-AS1 were subcutaneously in-
jected into the 4-week-old nude mice (6 mice per 
group). The tumor volume was measured every 
7 d. After inoculation for 28 d, all mice were eu-
thanized and the tumor weight was weighed, and 
xenograft tumor tissues were stored at -80°C for 
further extraction of RNA and protein.

Statistical Analysis
Data were analyzed by the SPSS 19.0 (IBM 

Corp., Armonk, NY, USA) software and appeared 
as the mean ± standard deviation (SD), and re-
peated at least three times. The difference was 
assessed by Student’s t-test and one-way analysis 
of variance (ANOVA) analysis. p < 0.05 was con-
sidered to be significant.

Results

DDX11-AS1 was Increased in 
OXA-Resistant GC Tissues and Cells

To investigate the role of DDX11-AS1, qRT-
PCR was performed to detect DDX11-AS1 ex-
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pression in OXA-resistant GC tissues. As shown 
in Figure 1A, DDX11-AS1 expression was aug-
mented in OXA-resistant GC tissues compared to 
OXA-sensitive GC tissues. Meanwhile, we found 
that DDX11-AS1 was increased in OXA-resistant 
GC cell lines (MKN45/OXA and AGS/OXA) in 
contrast to their parental cell lines (MKN45 and 
AGS) (Figure 1B). The results of MTT indicated 
that the survival rate of MKN45/OXA and AGS/
OXA cells treated with different doses of OXA 
was higher than their parental cells (Figure 1C-
D), suggesting that we had successfully built 
OXA-resistant GC cell models. The data indicat-
ed that DDX11-AS1 was up-regulated in OXA-re-
sistant GC tissues and cells.

DDX11-AS1 Knockdown Suppressed 
the Progression of OXA-Resistant GC 
Cells in Vitro

Given the high expression of DDX11-AS1 in 
OXA-resistant GC, we next explored its intracel-
lular functions by interfering with DDX11-AS1. As 
displayed in Figure 2A, DDX11-AS1 expression was 
markedly declined to over 2-fold in MKN45/OXA 
and AGS/OXA cells by transfection of si-DDX11-
AS1. The results demonstrated that the survival 
rate (Figure 2B-C), migration and invasion (Figure 
2D-E) of MKN45/OXA and AGS/OXA cells were 
inhibited when DDX11-AS1 was knocked down 
examined by MTT and Transwell assays, respec-
tively. As expected, interference with DDX11-AS1 
in MKN45/OXA and AGS/OXA cells induced cell 
apoptosis by Flow cytometry (Figure 2F). Besides, 
we measured the expression levels of drug-resis-
tant markers MRP1 and MDR1 20 by Western blot. 
As shown in Figure 2G, DDX11-AS1 knockdown 
in MKN45/OXA and AGS/OXA cells hampered 
MRP1 and MDR1 expression levels. The above re-
sults revealed that knockdown of DDX11-AS1 re-
pressed cell proliferation, migration, invasion and 
OXA resistance in OXA-resistant GC cells in vitro, 
and simultaneously promoted apoptosis.

DDX11-AS1 Acted as a Sponge of miR-326
It has been widely accepted that lncRNAs can 

act as competing endogenous RNAs (ceRNAs) to 
sponge miRNAs, and thus affecting the expres-
sion of target mRNAs21. Therefore, we next in-
vestigated the target miRNAs of DDX11-AS1. DI-
ANA-LncBase v2 tool predicted that there were 
complementary sites between DDX11-AS1 and 
miR-326 (Figure 3A). Dual-Luciferase reporter 
assay showed that miR-326 obviously restrained 
the luciferase activity of MKN45/OXA and AGS/

OXA cells in DDX11-AS1 WT group than that 
the negative control, while the luciferase activity 
in DDX11-AS1 MUT group remained unchanged 
(Figure 3B-C). Furthermore, RIP assay indicated 
that miR-326 increased the enrichment of DDX11-
AS1 in RIP-Ago1 complex compared to RIP-IgG 
complex in MKN45/OXA and AGS/OXA cells 
(Figure 3D). Then, we found that the expression 
pattern of miR-326 was contrary to DDX11-AS1 
in OXA-resistant GC using qRT-PCR. As shown 
in Figure 3E, miR-326 expression was down-mod-
ulated in OXA-resistant GC tissues, and its ex-
pression was also decreased in OXA-resistant GC 
cell lines (MKN45/OXA and AGS/OXA) (Figure 
3F) compared to their parental cell lines (MKN45 
and AGS). Additionally, DDX11-AS1 knock-
down strikingly fortified miR-326 expression in 
MKN45/OXA and AGS/OXA cells (Figure 3G). 
In general, DDX11-AS1 could direct bind to miR-
326 and negative modulate miR-326 expression in 
OXA resistant GC cells.

Si-DDX11-AS1 Suppressed Cell 
Progression and OXA Resistance in 
OXA-Resistant GC Cells by Increasing 
miR-326 Expression

We further explored the interaction between 
DDX11-AS1 and miR-326. The transfection effi-
ciency was first measured by qRT-PCR (Figure 
4A). MTT assay determined that the prolifera-
tion of MKN45 and AGS cells treated with dif-
ferent concentrations of OXA was retarded by 
si-DDX11-AS1, which was weakened by co-trans-
fection with si-DDX11-AS1 and in-miR-326 (Fig-
ure 4B-C). The results of transwell assay showed 
that the inhibition of si-DDX11-AS1 on migration 
and invasion of MKN45/OXA and AGS/OXA 
cells was counteracted by inhibiting miR-326 ex-
pression (Figure 4D-E). Also, the apoptosis rate 
of MKN45/OXA and AGS/OXA cells was in-
duced by si-DDX11-AS1, which was inverted by 
in-miR-326 (Figure 4F). The suppressive effect of 
silencing DDX11-AS1 on the expression levels of 
MRP1 and MDR1 was also overturned by miR-
326 knockdown (Figure 4G). These data indicat-
ed that DDX11-AS1 modulated cell progression 
and OXA resistance in OXA-resistant GC cells 
by targeting miR-326.

DDX11-AS1 Positively Regulated IRS1 
Expression by Acting as the Sponge 
of miR-326 in OXA-Resistant GC Cells

Micro-T CDS website was used to predict the 
targets of miR-326 and found that the 3’UTR of 



DDX11-AS1 promoted the progression of oxaliplatin-resistant gastric cancer

3053

IRS1 contained the binding sites of miR-326 (Fig-
ure 5A). Similarly, Dual-Luciferase reporter assay 
was performed, and the results showed that miR-
326 reduced the luciferase activity of MKN45/OXA 
and AGS/OXA cells in IRS1 3’UTR-WT group 
compared to the control group, there was no signif-
icant change in luciferase activity in IRS1 3’UTR- 
MUT group (Figure 5B-C). We also measured 
IRS1 expression in OXA-resistant GC tissues and 
cells by qRT-PCR and Western blot. As shown in 
Figure 5D, IRS1 mRNA expression was increased 
in OXA-resistant GC tissues relative to that in 
OXA-sensitive GC tissues, and its protein expres-
sion was also enhanced in OXA-resistant GC cell 
lines (Figure 5E). Besides, the effect of miR-326 on 
IRS1 expression was researched by Western blot. 
The results showed that miR-326 overexpression 
silenced the protein expression of IRS1, while miR-
326 depletion potentiated IRS1 protein expression 
in MKN45/OXA and AGS/OXA cells (Figure 5F). 

Furthermore, DDX11-AS1 knockdown dwindled 
the protein expression of IRS1, and this effect 
could be inverted by in-miR-326 (Figure 5G). The 
above results revealed that DDX11-AS1 positively 
regulated IRS1 expression by sponging miR-326 in 
OXA-resistant GC cells.

Overexpression of IRS1 Reversed 
the Inhibitory Effect of miR-326 on 
Progression and OXA Resistance of 
OXA-Resistant GC Cells

As a target gene of miR-326, whether IRS1 could 
affect the function of miR-326 in OXA-resistant 
GC cells was unknown, so the rescue experiments 
were carried out. Similarly, the transfection effi-
ciency in MKN45/OXA and AGS/OXA cells was 
first examined by Western blot (Figure 6A). As dis-
played in Figure 6B-C, after different concentra-
tions of OXA treatment, the cell proliferation was 
reduced in MKN45 and AGS cells transfected with 

Figure 1. DDX11-AS1 was increased in OXA-resistant GC tissues and cells. (A) DDX11-AS1 expression in OXA-resistant 
GC tissues and OXA-sensitive GC tissues was detected using qRT-PCR. (B) DDX11-AS1 expression in OXA-resistant GC cell 
lines (MKN45/OXA and AGS/OXA) and their parental cell lines (MKN45 and AGS) was measured by qRT-PCR. (C-D) The 
cell proliferation was assessed using MTT assay in MKN45/OXA and AGS/OXA cells treated with different concentrations of 
OXA compared to their parental cells MKN45 and AGS. *p<0.05.
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Figure 2. DDX11-AS1 knockdown suppressed the progression of OXA-resistant GC cells in vitro. (A) DDX11-AS1 expression in MKN45/OXA and AGS/OXA 
transfected with si-DDX11-AS1 or si-NC was measured using qRT-PCR. (B-C) The cell proliferation was examined in MKN45/OXA and AGS/OXA cells transfect-
ed with si-DDX11-AS1 or si-NC using MTT assay. (D-E) The migration and invasion abilities of transfected MKN45/OXA and AGS/OXA cells were determined by 
Transwell. (Magnification 100×). (F) The apoptosis of MKN45/OXA and AGS/OXA cells was detected by Flow cytometry. (G) The expression levels of MRP1 and 
MDR1 were measured by Western blot. *p<0.05.
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Figure 3. DDX11-AS1 acted as a sponge of miR-326. (A) The binding sites between DDX11-AS1 and miR-326 and the mutant 
sequences of DDX11-AS1 were displayed. (B-C) After MKN45/OXA and AGS/OXA cells were co-transfected with DDX11-
AS1 WT or DDX11-AS1 MUT and miR-326 or miR-NC, the luciferase activity was analyzed by dual-luciferase reporter assay. 
(D) RIP assay was performed in MKN45/OXA and AGS/OXA cells and the enrichment of DDX11-AS1 was measured using 
qRT-PCR. (E) MiR-326 expression in OXA-resistant GC tissues and OXA-sensitive GC tissues was detected by qRT-PCR. (F) 
MiR-326 expression in OXA-resistant GC cell lines (MKN45/OXA and AGS/OXA) and their parental cell lines (MKN45 and 
AGS) was checked by qRT-PCR. (G) MiR-326 expression in MKN45/OXA and AGS/OXA cells transfected with si-DDX11-
AS1 or si-NC was examined using qRT-PCR. *p<0.05.
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Figure 4. Si-DDX11-AS1 suppressed cell progression and OXA resistance in OXA-resistant GC cells by increasing miR-326 expression. After MKN45/OXA and 
AGS/OXA cells were transfected with si-NC, si-DDX11-AS1, si-DDX11-AS1 + in-miR-NC or si-DDX11-AS1 + in-miR-326. (A) MiR-326 expression in transfected 
MKN45/OXA and AGS/OXA cells was detected by qRT-PCR. (B-C) The proliferation of transfected MKN45/OXA and AGS/OXA cells was analyzed by MTT 
assay. (D-E) Transwell assay was used to detect cell migration and invasion. (F) Flow cytometry was performed to assess cell apoptosis. (G) The protein levels of 
MRP1 and MDR1 in transfected MKN45/OXA and AGS/OXA cells were measured by Western blot. *p<0.05.
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miR-326, which was abrogated by overexpressing 
IRS1. Transwell and Flow cytometry respectively 
showed that up-regulation of miR-326 in MKN45/
OXA and AGS/OXA cells inhibited cell migra-
tion (Figure 6D) and invasion (Figure 6E), and 
accelerated cell apoptosis (Figure 6F); however, 
these effects could be reversed by the addition of 
IRS1. Simultaneously, miR-326 overexpression de-
creased the levels of MRP1 and MDR1 in MKN45/
OXA and AGS/OXA cells, and this inhibition was 
overturned by up-regulated IRS1 (Figure 6G). The 
above results revealed that miR-326 inhibited the 
progression and OXA resistance of OXA-resistant 
GC cells by targeting IRS1.

DDX11-AS1 Knockdown Suppressed 
the Tumor Growth in Vivo

Xenograft mice models were generated to 
assess the role of circ_0006528 in vivo. AGS/
OXA cells transfected with sh-DDX11-AS1 or 
sh-NC were subcutaneously inoculated into the 
nude mice, and the tumor volume and weight 
were measured. The data revealed that silencing 
DDX11-AS1 drastically reduced the tumor vol-
ume (Figure 7A) and weight (Figure 7B) com-
pared with the negative control, qRT-PCR assay 
showed that the expression of DDX11-AS1 was 
down-regulated in sh-DDX11-AS1 group (Figure 
7C), while miR-326 was augmented (Figure 7D). 
And the protein levels of IRS1, MRP1 and MDR1 
were declined in sh-DDX11-AS1 group compared 
to sh-NC group (Figure 7E-F). These results im-
plied that interfering with DDX11-AS1 inhibited 
the tumorigenesis of OXA-resistant GC in vivo by 
regulating miR-326/IRS1 axis.

Discussion

LncRNAs could regulate the chemoresistance 
of multiple cancers to OXA treatment. LncRNA 
KCNQ1OT1 could augment the chemoresistance 
of OXA in colon cancer cells by regulating miR-
34a/Atg4B axis22. And lncRNA MEG3 potenti-
ated the sensitivity of OXA in colorectal cancer 
cells through targeting miR-141/PDCD4 axis23. 
In the current study DDX11-AS1 expression was 
enhanced in OXA-resistant GC tissues and cells. 
In addition, when DDX11-AS1 was knocked down 
in OXA-resistant GC cells, the cell proliferation, 
migration and invasion were inhibited, while cell 
apoptosis was induced. Meanwhile, the protein ex-
pression levels of drug resistance genes MRP1 and 
MDR1 were also decreased. These results signified 

that DDX11-AS1 could enhance the chemoresis-
tance of GC cells to OXA and might be a marker 
of chemotherapy. Tian et al9 showed that DDX11-
AS1 served as a ceRNA of miR-873 to modulate 
CLDN7 expression and promoted the progression 
of colorectal cancer 9. Previous reports confirmed 
that lncRNAs regulated the chemoresistance of 
OXA by acting as ceRNAs, so we speculated 
whether DDX11-AS1 also increased the chemore-
sistance of OXA in GC cells by sponging miRNAs.

Subsequently, we found that miR-326 might 
be a target miRNA of DDX11-AS1 through the 
bioinformatics website and confirmed the target-
ed relationship between them by Dual-Luciferase 
reporter and RIP assays. Although it has been 
previously indicated that miR-326 could serve 
as a tumor inhibitor to regulate the growth and 
metastasis of GC cells 24, whether it could regu-
late the chemoresistance of GC to OXA has not 
been studied. Our research further demonstrated 
that miR-326 expression was down-regulated in 
OXA-resistant GC tissues and cells and inversely 
regulated by DDX11-AS1. Moreover, the inhibi-
tion of DDX11-AS1 knockdown on progression 
and OXA resistance of GC cells was reversed by 
inhibiting miR-326 expression, suggesting silenc-
ing DDX11-AS1 suppressed the progression of 
OXA-resistant GC cells via targeting miR-326.

IRS1 was identified as an oncogene in human 
multiple cancers25,26, including GC27. And IRS1 
was found to be related to the chemoresistance of 
OXA in colon cancer cells28. Coincidentally, IRS1 
was the target gene of miR-326 in this study, and 
IRS1 was highly expressed in OXA-resistant GC, 
which was in agreement with the data Yang et al19. 
Besides, IRS1 expression could not only be nega-
tively regulated by miR-326, but also be positively 
regulated by DDX11-AS1. Functionally, miR-326 
overexpression impaired the progression and che-
moresistance of OXA in GC cells, while these ef-
fects were abated by overexpressing IRS1. Taken 
together, DDX11-AS1 facilitated the development 
of OXA-resistant GC cells by up-regulating IRS1 
through sponging miR-326 in vitro. Uniformly, 
DDX11-AS1 promoted tumorigenesis in OXA-re-
sistant GC by modulating miR-326/IRS1 axis.

Conclusions

In this study there have been the effects of 
DDX11-AS1 on proliferation, migration, inva-
sion, apoptosis of OXA-resistant GC cells. We 
discovered a new DDX11-AS1/miR-326 /IRS1 
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Figure 5. DDX11-AS1 positively regulated IRS1 expression by acting as the sponge of miR-326 in OXA-resistant GC cells. 
(A) The binding sites between miR-326 and IRS1 and the mutant sequences of IRS1 were showed. (B-C) After MKN45/OXA 
and AGS/OXA cells were co-transfected with IRS1 3’UTR-WT or IRS1 3’UTR-MUT and miR-326 or miR-NC, the lucifer-
ase activity was determined by dual-luciferase reporter assay. (D) IRS1 mRNA expression in OXA-resistant GC tissues and 
OXA-sensitive GC tissues was detected by qRT-PCR. (E) IRS1 protein expression in OXA-resistant GC cell lines (MKN45/
OXA and AGS/OXA) and their parental cell lines (MKN45 and AGS) was examined by Western blot. (F) IRS1 protein ex-
pression in MKN45/OXA and AGS/OXA cells transfected with miR-NC, miR-326, in-miR-NC or in-miR-326 was examined 
using Western blot. (G) IRS1 protein expression in MKN45/OXA and AGS/OXA cells transfected with si-NC, si-DDX11-AS1, 
si-DDX11-AS1 + in-miR-NC or si-DDX11-AS1 + in-miR-326 was detected by Western blot. *p<0.05.
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Figure 6. Overexpression of IRS1 reversed the inhibitory effect of miR-326 on progression and OXA resistance of OXA-resistant GC cells. After MKN45/OXA 
and AGS/OXA cells were transfected with miR-NC, miR-326, miR-326 + pcDNA or miR-326 + IRS1. (A) IRS1 protein expression in transfected MKN45/OXA and 
AGS/OXA cells was detected by Western blot. (B-F) The proliferation, migration, invasion and apoptosis of transfected MKN45/OXA and AGS/OXA cells were 
assessed by MTT, Transwell and Flow cytometry assays, respectively. (G) The protein levels of MRP1 and MDR1 in transfected MKN45/OXA and AGS/OXA cells 
were measured by Western blot. *p<0.05.
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regulatory mechanism that regulated the pro-
gression of OXA-resistant GC cells in vitro and 
in vivo. Our study supported that DDX11-AS1 
might be a potential target for the treatment of 
chemoresistance to OXA in patients with GC.
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