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Background: Gastric cancer is a prevalent primary stomach tumor. Cisplatin is frequently
used to treat gastric cancer. However, the resistance of cisplatin in gastric cancer often
occurs, which brings a heavy burden to gastric cancer treatment.

Methods: In this study, we revealed a novel underlying mechanism about cisplatin-resistant
effect in gastric cancer. A Cell Counting Kit-8 (CCK-8) cell viability assay and a xenograft model
were performed to evaluate the function of circRNA in the cisplatin resistance of gastric cancer.
Results: Compared with control groups, we observed that circ 0110805 was highly
expressed, the mRNA and protein expression levels of ENDOPDI were dramatically upre-
gulated, and the expression of miR-299-3p was significantly downregulated in gastric cancer
cells, cisplatin-resistant gastric cancer tissues or cells. Functionally, circ 0110805 knock-
down improved cisplatin sensitivity, induced cell apoptosis, whereas repressed cell viability,
migration and invasion in AGS/DDP and HGC-27/DDP cells, which was reversed by miR-
299-3p inhibitor. Additionally, ENDOPDI overexpression hindered the effects of miR-299-
3p on cisplatin sensitivity and gastric cancer progression. Circ 0110805 knockdown
enhanced cisplatin sensitivity in vivo. Mechanistically, circ 0110805 acted as a sponge of
miR-299-3p and its targeted ENDOPDI.

Conclusion: We showed that circ 0110805 knockdown increased the sensitivity of gastric
cancer to cisplatin, which also repressed gastric cancer progression by sponging miR-299-3p
to downregulate ENDOPDI expression. It might provide a new insight for future studying
cisplatin-resistant gastric cancer.
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Introduction
Gastric cancer is one of the most common and aggressive malignancies in the
world. With high metastasis and strong proliferative ability, gastric cancer brings
a heavy barrier for its therapy. At present, cisplatin is a primary first-line drug in
gastric cancer therapy.' However, cisplatin treatment achieves very modest results,
and patients often have a somber prognosis with a median survival time of about
1 year. One of the leading causes of such poor responses to this treatment is
cisplatin resistance. Based on the reasons mentioned above, understanding the
mechanism of gastric cancer resistance to cisplatin is necessary for gastric cancer
therapy.

Circular RNA (circRNA) is a long non-coding RNA with a closed structure®>
when compared with corresponding linear RNA,* circRNA is more stable and can
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be expressed in exosomes. Accumulating evidence has
revealed that circRNA was related to drug resistance in
cancers.”® In ovarian cancer, circ-Cdrl was reported to
enhance cisplatin  sensitivity by downregulating
microRNA-1270 (miR-1270).” Besides, circCELSR1 was
also explained to repress paclitaxel sensitivity by modulat-
ing miR-1245.% However, the underlying effects and
mechanism of circ_0110805 about cisplatin resistance in
human gastric cancer remain unclear.

MiRNA is a non-coding RNA with about 22 nucleo-
tides in size” " and can participate in the regulation of cell
progression in various cancer.”'*"'* Besides, research
unclosed that miRNA was closely linked to the drug resis-
tance of cancer. For instance, in gastric cancer, miR-4290
regulated PDK1-mediated glycolysis, which can result in
cisplatin resistance.'” miRNA-765 enhanced gastric cancer
multidrug resistance with BATF2 deletion.'® Zhang et al
also indicated that miR-522 contributed to gastric cancer
sensitivity to cisplatin and ferroptosis.'” However, there
were few studies on the role of miR-299-3p in regulating
cisplatin resistance in human gastric cancer.

CircRNA phosphatidylinositol-4-phosphate 5-kinase
alpha is an known oncogene in gastric cancer by affecting
miR-376¢-3p/ZNF146 axis'® and in non-small cell lung
cancer by miR-600/HIF-1a axis.'” Moreover, microRNA-
299-3p (miR-299-3p) played a suppressive role in HCC
progression by targeting SIRT5.2° Endothelial protein-
disulfide isomerase (ENDOPDI) acted as a downstream
target of miR-218-5p to be related to the regulation of
circRNA-104718 in HCC.?' In this study, we focused on
the relation of circ 0110805 with miR-299-3p and
ENDOPDI as a key point in regulating -cisplatin-
resistance gastric cancer.

In our experiment, the expression of circ_0110805, miR-
299-3p and ENDOPDI was determined. We also explored
the effects of circ_0110805 silencing on cisplatin sensitivity
and gastric cancer progression both in vivo and in vitro.
Additionally, the regulatory mechanism of circ 0110805 in
cisplatin resistance and cell viability, apoptosis, migration
and invasion in gastric cancer was demonstrated.

Materials and Methods

Sample Collection

People’s Hospital of Jinhu provided cisplatin-resistant and
cisplatin-sensitive gastric cancer tissues derived from gastric
cancer patients (N=35, respectively). The criteria for judging
cisplatin-resistant and sensitive patients were followed by

standard CDDP response definitions published elsewhere.?
Gastric cancer tissues were stored in liquid nitrogen. The
Ethics Committee of People’s Hospital of Jinhu consented
this experiment. Gastric cancer patients related to this
experiment agreed with the written informed consents.

The Construction of Cisplatin-Resistant
AGS and HGC-27 Cells (AGS/DDP and

HGC-27/DDP Cells) and Cell Culture

Human gastric cancer cells (AGS and HGC-27) and
immortalized cell lines GES-1 were purchased from
Otwobiotech (Shenzhen, China). Dulbecco’s modified
Eagle’s medium (DMEM; Thermo Fisher, Waltham, MA,
USA) with 10% fetal bovine serum (FBS) and 1% strep-
tomycin/penicillin (Thermo Fisher) was used to maintain
Cells
a humidified atmosphere containing 5% CO, at 37°C.
AGS/DDP and HGC-27/DDP cells were established by
gradually treating cisplatin (Solarbio, Beijing, China) into
AGS and HGC-27 cells from 1/50 IC50 concentration for
more than 6 months. AGS/DDP and HGC-27/DDP cells
were cultivated in a 10% DMEM medium, which main-

the growth of cells. were incubated under

tained their resistance to cisplatin.

Cell Transfection

Small interfering RNA against circ 0110805 (si-circ
_0110805), small hairpin RNA targeting circ 0110805
(sh-circ_0110805), (miR-299-3p),
miR-299-3p inhibitor (anti-miR-299-3p), the overexpres-

miR-299-3p mimic

sion plasmid of ENDOPDI and their control groups (si-
NC, sh-NC, miR-NC, anti-miR-NC and pcDNA) were
synthesized by Ribobio Co., Ltd. (Guangzhou, China).
Different cells were seeded in different plates and trans-
fected with Lipofectamine 2000 (Thermo Fisher) accord-
ing to the manufacturer’s instructions.

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

Cells mentioned above were lysed using TRIzol reagent
(TaKaRa, Dalian, China). RNA was extracted and cDNA
was amplified by prime Script™RT reagent Kit (TaKaRa).
The expression of circ 0110805, miR-299-3p and
ENDOPDI was detected using QRT-PCR quantity kit
(TaKaRa). Data were analyzed with the 27" method.
U6 and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) were used as controls. The sense and antisense
of primers were circ 0110805, 5-GAAGTTGGAGCA
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CTCTTGGA-3' (F) and 5-AAAGTCCGAGGGTTCTGG
TT-3" (R); miR-299-3p, 5'-ACACTCCAGCTGGGTATG
TGGGATGGTAAAC-3' (F) and 5'-GTGCAGGGTCCGA
GGT-3' (R); ENDOPDI, 5-TCACTGAGGGAGTACGTG
GA-3' (F) and 5-GCAGTGCAGTCTACTTCGG-3" (R);
18s rRNA, 5-TCGAGGCCCTGTAATTGGAA-3' (F) and
5'-CCCAAGATCCAACTACGAGCT-3" (R); U6, 5'-GGA
ACGCTTCACGAATTTG-3' (F) and 5'-ATTGGAACGA
TACAGAGAAGATT-3' (R).

Cell Counting Kit-8 (CCK-8) Assay

Cisplatin sensitivity and cell viability were tested with the
CCK-8 assay. For determining cisplatin sensitivity, AGS/
DDP and HGC-27/DDP cells were seeded in a 96-well
plate for 16 h, followed by transfection with various treat-
ments and cells were cultured for 24 h. After treatment, 10
pL CCK-8 solution (Beyotime, Shanghai, China) was
added to each well, and cells were subsequently incubated
for another 4 h. Cell sensitivity was explained by assessing
the half-maximal inhibitory concentration (ICsy) with
detecting the absorbance at 450 nm using a microplate
reader. Cells were treated as the above description to
determine the cell viability. Results were assessed by
detecting absorbance at 450 nm with a microplate reader.

Flow Cytometry Analysis

Cell apoptosis rate was analyzed using an Annexin
V-FITC detection kit (Beyotime). In short, cells were
collected at 48 h after various transfections. The cells
were washed with phosphate buffer solution (PBS), har-
vested through centrifuging and suspended with binding
buffer. Subsequently, cells were incubated with Annexin
V-FITC and propidium iodide (PI). Apoptotic cells were
quantified with flow cytometry (BD Biosciences, San
Diego, CA, USA).

Transwell Assay

Cells migratory and invasive abilities were determined by
transwell chambers without or with Matrigel (Corning,
New York, Madison, USA). Cells were seeded in upper
chambers with FBS-free DMEM medium, while DMEM
with 10% FBS was added to lower chambers. Following
cells were cultivated for 24 h. Then, the medium was
discarded and cells were fixed with methanol and stained
via crystal violet (Beyotime). Results were analyzed by
a microscope (100x%).

Western Blot Assay

Tissues and cell lysate were extracted using RIPA buffer
(Beyotime). Lysate protein was resolved by 12% sodium
dodecyl sulfonate-polyacrylamide gel electrophoresis
(SDS-PAGE), transferred onto polyvinylidene fluoride
(Membrane Solutions, Shanghai, China). Then, mem-
branes were blocked in 5% skim milk for 4 h. Proteins
were incubated with anti-ENDOPDI (1:20,000, Abcam)
and anti-GAPDH (1:10,000, Abcam). Then, bands were
incubated with secondary antibody labeled horseradish
peroxidase (1:20,000, Abcam). Proteins were displayed
by ECL system (Pierce, Rockford, IL, USA). GAPDH
was chosen as a control.

In vivo Tumor Formation Assay

Charles River (Beijing, China) provided BALB/c nude
mice (5-week old). Mice were divided into four groups
(sh-NC group, sh-circ 0110805 group, sh-NC+cisplatin
group and shcirc 0110805+cisplatin group, N=7 per
group). 4x10° cells transfected with sh-NC and sh-circ
0110805 were injected into the flank of mice, then mice
were treated with cisplatin (20 mg/kg) after 8 days.
Meanwhile, tissues were measured every 3 days. At 18
days after cisplatin treatment, mice were euthanized.
Weights of the tumors were measured and circ_0110805
expression was assessed by qRT-PCR. The protocol was
approved by People’s Hospital of Jinhu Animal Care and
Use Committee, the study has followed the guidelines of
the Nanjing Medical University Animal Care and Use

Committee for the welfare of the laboratory animals.

Dual-Luciferase Reporter Assay

The wide-type (WT) fragment of circ_ 0110805 containing
the targeting sequence of miR-299-3p and mutant (MUT)
circ 0110805 were sub-cloned into pmirGLO vector
(Miaoling Bio, Wuhan, China), and named as WT-circ
0110805 and MUT-circ_0110805. The wide-type 3'-
untranslated regions (3'UTR) of ENDOPDI containing the
binding sequence of miR-299-3p and mutant ENDOPDI
3'UTR were inserted into pmirGLO vector, and named as
ENDOPDI 3'UTR-WT and ENDOPDI 3'UTR-MUT. The
constructed plasmids were transfected into AGS/DDP and
HGC-27/DDP cells with miR-299-3p mimic or miR-NC,
respectively. Relative luciferase activity was assayed using
the Promega dual-luciferase reporter assay system. Firefly

activity was normalized to internal Renilla luciferase levels.
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Statistical Analysis

Figures in this experiment were made by GraphPad Prism
8.0.1 and image J software. All experiments were per-
formed at least in triplicate unless otherwise stated. Data
were expressed as means + standard deviations. Spearman
correlation analysis was performed to assess the relation-
ship between miR-299-3p and circ 0110805 or
ENDOPDI. Two-tailed Student’s #-test or one-way analy-
sis of variance was performed for comparisons between
two groups. P value < 0.05 was statistically significant.

Results
Circ_0110805 Expression is Upregulated
in Cisplatin-Resistant Gastric Cancer

Tissues and Cells

The expression level of circ 0110805 was detected in cis-
platin-resistant gastric cancer tissues and cells. We found
that circ_0110805 expression was dramatically upregulated
in cisplatin-resistant gastric cancer tissues by gqRT-PCR,
compared with cisplatin-sensitive gastric cancer tissues
(Figure 1A). Besides, qRT-PCR analysis also investigated
that circ_0110805 expression was significantly upregulated
in AGS and HGC-27 cells as compared to GES-1 cells, and
was greatly increased in AGS/DDP and HGC-27/DDP cells
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relative to AGS and HGC-27 cells (Figure 1B). These results
suggested that circ_0110805 might play an important role in
gastric cancer resistance to cisplatin.

Circ_0110805 Knockdown Improves
Cisplatin Sensitivity and Induces Cell
Apoptosis, Whereas Inhibits Cell

Proliferation, Migration and Invasion in
AGS/DDP and HGC-27/DDP Cells

To explore the functional effects of circ 0110805 knock-
down on cisplatin sensitivity and gastric cancer progres-
sion, we first detected the ICs, value of cisplatin in AGS/
DDP and HGC-27/DDP cells. Figure 2A shows that, by
CCK-8 assay, ICsy value of cisplatin was increased in
AGS/DDP and HGC-27/DDP cells compared with that in
AGS and HGC-27 cells, which indicated that cisplatin-
resistant AGS and HGC-27 cells were successfully estab-
lished. To detect the interfering efficiency of si-circ
0110805, circ 0110805 expression was examined by
gRT-PCR and was found to be greatly downregulated
after si-circ_0110805 transfection (Figure 2B). After that,
the result of CCK-8 assay demonstrated that circ 0110805
knockdown decreased the ICsq value of cisplatin in AGS/
DDP and HGC-27/DDP cells (Figure 2C), indicating that
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Figure | Circ_0110805 expression is increased in cisplatin-resistant gastric cancer tissues and cells. (A) The expression of circ_0110805 was detected by qRT-PCR in
cisplatin-resistant and cisplatin-sensitive gastric cancer tissues. (B) QRT-PCR was performed to determine circ_0110805 expression in GES-1 AGS, HGC-27, AGS/DDP and

HGC-27/DDP cells. ***P < 0.001.
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Figure 2 Circ_0110805 deletion improves cisplatin sensitivity and inhibits gastric cancer progression. (A) The ICs, value of cisplatin was determined by CCK-8 assay in
AGS, AGS/DDP, AGS/DDP+si-circ_0110805, HGC-27 and HGC-27/DDP, HGC-27/DDP+si-circ_0110805 cells. (B) QRT-PCR was employed to determine the interfering
efficiency of si-circ_0110805 in AGS/DDP and HGC-27/DDP cells. (C) The effect of circ_0110805 knockdown on the ICsq value of cisplatin was demonstrated by CCK-8
assay. (D) The impact of circ_0110805 deletion on the viability of AGS/DDP and HGC-27/DDP cells was illustrated by CCK-8 assay. (E) Flow cytometry assay was carried
out to explain the effects of circ_0110805 knockdown on the apoptosis of AGS/DDP and HGC-27/DDP cells. (F and G) Transwell assay was used to investigate the
influences of circ_0110805 deletion on cell migration and invasion. *P < 0.01; ¥*P < 0.001; *P < 0.01.

OncoTargets and Therapy 2020:13

submit your manuscript

11449

Dove


http://www.dovepress.com
http://www.dovepress.com

Yang et al

Dove

circ_ 0110805 silencing enhanced cisplatin sensitivity of
cisplatin-resistant gastric cancer cells. Moreover, it also
illustrated that circ 0110805 knockdown repressed cell
viability in AGS/DDP and HGC-27/DDP cells (Figure
2D). Flow cytometry analysis unveiled that circ_0110805
silencing induced cell apoptosis in AGS/DDP and HGC-
27/DDP cells (Figure 2E). Meanwhile, transwell assay
disclosed that circ 0110805 knockdown suppressed cell
migration and invasion in AGS/DDP and HGC-27/DDP
cells (Figure 2F and G).

Circ_0110805 Knockdown Improves
Gastric Cancer Resistance to Cisplatin

in vivo

The effects of circ 0110805 knockdown on tumor
growth in vivo were revealed in this part. As shown in
Figures 3A, B and S1A, cisplatin treatment repressed
tumor volume and weight, and circ 0110805 silencing
enhanced these effects. To examine the impacts between
circ 0110805 knockdown and cisplatin treatment on
circ_ 0110805 expression, qRT-PCR was performed to
illustrate  that circ_ 0110805 deletion
circ 0110805 expression, and the expression of
circ 0110805 was inhibited by circ_0110805
knockdown after cisplatin exposure (Figure 3C). Taken
together, these data showed that the inhibitory effects of

repressed

also

cisplatin treatment on tumor growth in vivo were
enhanced by circ_ 0110805 knockdown.

Circ_0110805 Binds to miR-299-3p in
AGS/DDP and HGC-27/DDP Cells

In order to reveal the regulatory mechanism of
circ_ 0110805 in cisplatin sensitivity and gastric cancer
progression, we used starBase v2.0 online database to
predict the miRNA associated with circ 0110805. As
shown in Figure 4A, our results showed that
circ 0110805 contained the targeting sites of miR-299-
3p. Meanwhile, by dual-luciferase reporter assay, the
luciferase activity of WT-circ_0110805+miR-299-3p
group was dramatically decreased in AGS/DDP and
HGC-27/DDP cells, but there was no obvious change
after MUT-circ 0110805 and miR-299-3p transfection
(Figure 4B and C). Subsequently, we detected the
expression of miR-299-3p by qRT-PCR in cisplatin-
resistant gastric cancer tissues (N=35) and cells. We
observed that when compared with cisplatin-sensitivity
gastric cancer tissues, miR-299-3p expression was sig-
nificantly downregulated in cisplatin-resistant gastric
cancer tissues (Figure 4D). We also found that miR-
299-3p expression was dramatically decreased in AGS
and HGC-27 cells as compared to GES-1 cells.
Consistently, in AGS/DDP and HGC-27/DDP cells, the
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Figure 3 Circ_0110805 knockdown inhibits gastric cancer resistance to cisplatin in vivo. (A) The effects between circ_0110805 knockdown and cisplatin treatment on
tumor volume were revealed. (B) The effects between circ_0110805 deletion and cisplatin treatment on tumor weight were illustrated. (C) QRT-PCR was employed to
determine the effects between circ_0110805 deletion and cisplatin treatment on circ_0110805 expression. *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 4 Circ_0110805 functions as a sponge of miR-299-3p. (A) StarBase v2.0 online database predicted the binding sequence between circ_0110805 and miR-299-3p.
(B and C) Dual-luciferase reporter system verified that circ_0110805 was associated with miR-299-3p in AGS/DDP and HGC-27/DDP cells. (D) QRT-PCR was employed to
detect miR-299-3p expression in 35 pairs of cisplatin-resistant and cisplatin-responsive gastric cancer tissues. (E) The expression of miR-299-3p was determined by qRT-PCR
in GES-1, AGS, HGC-27, AGS/DDP and HGC-27/DDP cells. (F) Spearman correlation analysis was carried out to determine the relationship between circ_0110805

expression and miR-299-3p expression. **P < 0.01; **P < 0.001; n.s, not significant.

expression of miR-299-3p was significantly downregu-
lated when compared with control groups (Figure 4E).
Spearman correlation analysis showed that circ_0110805
expression was negatively correlated with miR-299-3p
4F). data that
circ 0110805 plays a significant role as a sponge of
miR-299-3p in AGS/DDP and HGC-27/DDP cells.

(Figure Overall, these indicated

Circ_0110805 Knockdown Enhances
Cisplatin Sensitivity and Represses
Gastric Cancer Progression by Sponging
miR-299-3p

To explore the effects between circ_ 0110805 and miR-
299-3p on cisplatin sensitivity and gastric cancer progres-
sion, we first identified the interfering efficiency of
anti-miR-299-3p. qRT-PCR detected that the expression
of miR-299-3p was dramatically downregulated by anti-
miR-299-3p (Figure 5A). Meanwhile, by qRT-PCR, we
observed that circ_ 0110805 knockdown upregulated miR-
299-3p expression in AGS/DDP and HGC-27/DDP cells,

whereas this effect was decreased by an miR-299-3p inhi-
bitor (Figure 5B).

Subsequently, CCK-8 assay showed that circ_ 0110805
silencing decreased the ICsy value of cisplatin in AGS/
DDP and HGC-27/DDP cells, whereas this impact was
partially attenuated by miR-299-3p deletion (Figure 5C).
Similarly, the viability of AGS/DDP and HGC-27/DDP
cells was inhibited due to knockdown of circ_0110805,
and this effect was hindered by an miR-299-3p inhibitor
(Figure 5D). Consistent with these observations, flow
cytometry analysis unveiled that in AGS/DDP and HGC-
27/DDP cells, miR-299-3p inhibitor partially restored the
promotion effect of circ 0110805 inhibition on cell apop-
tosis (Figure 5E). We further performed transwell assay,
which showed that anti-miR-299-3p restrained the inhibi-
tion impacts of circ_0110805 knockdown on cell migra-
tion and invasion in AGS/DDP and HGC-27/DDP cells
(Figures S5F, G and S1B). Collectively, our findings
demonstrated that circ_0110805 knockdown improved cis-
platin sensitivity and hindered gastric cancer development
by binding to miR-299-3p.
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Figure 5 Circ_0110805 silencing inhibits cisplatin resistance and gastric cancer progression by sponging miR-299-3p. (A) QRT-PCR was performed to detect the interfering
efficiency of anti-miR-299-3p in AGS/DDP and HGC-27/DDP cells. (B) The impacts between circ_0110805 knockdown and miR-299-3p deletion on miR-299-3p expression
were determined by gRT-PCR in AGS/DDP and HGC-27/DDP cells. (C and D) CCK-8 assay was carried out to reveal the effects between circ_0110805 deletion and anti-
miR-299-3p on the ICsq value of cisplatin and cell viability in AGS/DDP and HGC-27/DDP cells. (E) Flow cytometry analysis was utilized to unveil the impacts between
circ_0110805 silencing and miR-299-3p deletion on cell apoptosis in AGS/DDP and HGC-27/DDP cells. (F and G) Transwell assay was employed to illustrate the influences
between circ_0110805 knockdown and miR-299-3p inhibitor on cell migration and invasion in AGS/DDP and HGC-27/DDP cells. *P < 0.05; **P < 0.01; ***P < 0.001.

MiR-299-3p Targets ENDOPDI in AGS/
DDP and HGC-27/DDP Cells

The target gene of miR-299-3p was verified in this part.
StarBase v2.0 online database showed that there were
binding sites of miR-299-3p in ENDOPDI 3'UTR
(Figure 6A). Dual-luciferase reporter assay revealed that
the luciferase activity of ENDOPDI 3'UTR-WT was dra-
matically weakened after miR-299-3p mimic transfec-
tion, whereas the luciferase activity of ENDOPDI
3'UTR-MUT was not significantly changed by miR-299-
3p (Figure 6B and C). Subsequently, the expression level
of ENDOPDI was detected by qRT-PCR or Western blot
in cisplatin-resistant tissues (N=35) and cells. Results
showed that ENDOPDI expression at mRNA levels was
dramatically upregulated in cisplatin-resistant gastric
cancer tissues when compared with cisplatin-sensitive
gastric cancer tissues (Figure 6D). Spearman correlation
analysis showed that miR-299-3p expression was nega-
tively related to ENDOPDI expression (Figure 6E).

These results revealed that miR-299-3p was associated
with ENDOPDI in AGS/DDP and HGC-27/DDP cells.

MiR-299-3p Mimic Improves Cisplatin
Sensitivity and Inhibits Gastric Cancer
Progression by Targeting ENDOPDI

We further explored the underneath effects between miR-
299-3p and ENDOPDI on cisplatin sensitivity and gastric
cancer progression. QRT-PCR was firstly performed to
detect the effects between miR-299-3p mimic and
ENDOPDI overexpression on ENDOPDI expression in
AGS/DDP and HGC-27/DDP cells. Results showed that
ENDOPDI expression was dramatically downregulated by
miR-299-3p in AGS/DDP and HGC-27/DDP cells (Figure
7A). Subsequently, CCK-8 assay showed that miR-299-3p
mimic decreased the ICso value of cisplatin, whereas this
impact was reversed by ENDOPDI overexpression (Figure
7B). Cell viability was detected by CCK-8 assay, which
revealed that ENDOPDI overexpression hindered the
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Figure 6 MiR-299-3p binds to ENDOPDI. (A) The targeting sequence between miR-299-3p and ENDOPDI 3'UTR was predicted by starBase v2.0 online database. (B and
C) Dual-luciferase reporter assay was performed to detect luciferase activities. (D) The mRNA expression levels of ENDOPDI were determined by qRT-PCR in 35 pairs of
cisplatin-resistant and cisplatin-responsive gastric cancer tissues. (E) The relationship between miR-299-3p expression and ENDOPDI expression was revealed by Spearman

correlation analysis. ***P < 0.001; n.s, not significant.

inhibition effects of miR-299-3p mimic in AGS/DDP and
HGC-27/DDP cells (Figure 7C). Moreover, by Flow cyto-
metry analysis, we found that miR-299-3p mimic induced
cell apoptosis in AGS/DDP and HGC-27/DDP cells, and
this effect was restrained by ENDOPDI overexpression
(Figure 7D). In addition, transwell assay demonstrated
that the migration and invasion of AGS/DDP and HGC-
27/DDP cells were suppressed by miR-299-3p mimic;
however, ENDOPDI overexpression can partially abolish
these impacts (Figure 7E and F). All data illustrated that

miR-299-3p regulated the sensitivity of gastric cancer cells
to cisplatin sensitivity and cell proliferation, apoptosis,
migration, invasion by targeting ENDOPDI.

Circ_0110805 Knockdown
Downregulates ENDOPDI Expression by
Sponging miR-299-3p

To further determine the relationship between
circ_ 0110805, miR-299-3p and ENDOPDI, we revealed
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Figure 7 MiR-299-3p mimic represses cisplatin resistance and gastric cancer prog

ression by associating with ENDOPDI. (A) The effects between miR-299-3p mimic and

ENDOPDI overexpression on ENDOPDI expression were detected by Western blot in AGS/DDP and HGC-27/DDP cells. (B and C) CCK-8 assay was carried out to
reveal the effects between miR-299-3p mimic and ENDOPDI overexpression on the ICsq value of cisplatin and cell viability in AGS/DDP and HGC-27/DDP cells. (D) The

impacts between miR-299-3p mimic and ENDOPDI overexpression on cell apoptosi:

s were explained by flow cytometry analysis. (E and F) The influences between miR-299-

3p mimic and ENDOPDI overexpression on cell migration and invasion were demonstrated by transwell assay. **P < 0.01; ***P < 0.001.

the effects between circ_0110805 knockdown and miR-
299-3p inhibitor on ENDOPDI protein expression.
Western blot was performed to show that the protein
expression of ENDOPDI was significantly downregu-
lated due to circ 0110805 silencing, whereas this
effect was hindered by a miR-299-3p inhibitor (Figure
8). Overall, these data implicated that circ 0110805
regulated ENDOPDI expression by binding to miR-
299-3p.

Discussion

Gastric cancer is one of the most commonly seen malig-
nancies with the highest mortality in China, which takes
up more than 50% of major gastrointestinal-related carci-
noma in people over the age of 18.% Despite cisplatin is
a primary first-line drug in gastric cancer treatment, cis-
platin resistance brings great changes in its therapy.
Therefore, our study revealed the mechanism of cisplatin
in its resistance to gastric cancer cells.
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Figure 8 Circ_0110805 silencing represses ENDOPDI expression by associating
with miR-299-3p. The effects between circ_0110805 knockdown and miR-299-3p
inhibitor on ENDOPDI protein expression were revealed by Western blot in AGS/
DDP cells.

Circular RNAs (circRNAs) are single-stranded non-
coding RNAs whose 3’ and 5’ ends bond covalently into
a loop.*** Some reports have shown that CircRNAs are
contributed to cancer development and cisplatin resistance.
For example, Huang et al revealed that cirAKT3 enhances
cisplatin resistance through upregulating PIK3R1 via miR-
198 in gastric cancer.”” Similarly, cisplatin resistance can
also be modulated by circRNACCDC66 via the miR-618/
BCL2 axis in gastric cancer.”® Besides, circFN1 regulates
cisplatin resistance in gastric cancer via sponging miR-
182-5p.2"

Circ_0110805 was found for the first time that it
enhanced non-small cell lung cancer proliferation and
metastasis.'” A previous study has also shown that
circ_0110805 played an important role in gastric cancer
progression.'® Song et al indicated circ_ 0110805 expres-
sion was increased in gastric cancer tissues and cells and
promoted cell development.®®

In our study, circ 0110805 was indicated to be upregu-
lated in gastric cancer tissues and cells and promoted cell
invasion. Besides, when compared with control groups, we

found that circ 0110805 was upregulated in cisplatin-
resistant tissues and cells. Our results also showed that
circ_0110805 silencing induced cell apoptosis and repressed
cell viability and migratory abilities in AGS/DDP and HGC-
27/DDP cells. Furthermore, circ 0110805 sponged miR-
299-3p in AGS/DDP and HGC-27/DDP cells.

MiR-299-3p was disclosed to be linked to cisplatin resis-
tance in cancers and cancer development. Zhou et al
unveiled that miR-299-3p mimic suppressed gastric cancer
invasion by inhibiting HPSE.** Meanwhile, Zhao et al,
demonstrated that in ovarian cancer, cell viability was
repressed by miR-299-3p.>° Dang et al indicated miR-299-
3p was lowly expressed in hepatocellular carcinoma tissues
and cells, and its inhibitor promoted cell migration and
invasion.?° Consistent with these data, in our experiment,
miR-299-3p expression was also downregulated in gastric
cancer tissues and cells. MiR-299-3p inhibited cisplatin
resistance, cell viability, migratory, and invasive abilities,
and promoted cell apoptosis. Besides, miR-299-3p was
also found to be downregulated in cisplatin-resistant gastric
cancer tissues and cells, and miR-299-3p targeted
ENDOPDI.

Previous studies indicated that ENDOPDI promoted
gastric cancer development. For instance, Zhang et al dis-
played that ENDOPDI was upregulated in gastric cancer
tissues, and its silencing restrained cell proliferative,
migratory, and invasive abilities.*' Similarly, our findings
showed that ENDOPDI was highly expressed in gastric
cancer tissues and cells. Its overexpression repressed cell
apoptosis, whereas promoted cell proliferation, migration
and invasion. Furthermore, ENDOPDI was explained to
repress gastric cancer sensitivity to cisplatin and to be
upregulated in cisplatin-resistant gastric cancer tissues
and cells in our study.

Collectively, in gastric cancer cells, cisplatin-resistant
gastric cancer tissues or cells, our results provide direct
experimental evidence that circ 0110805 and ENDOPDI
were upregulated, and miR-299-3p was downregulated. We
also showed that knockdown of circ_ 0110805 improved
cisplatin sensitivity and repressed gastric cancer progression
both in vitro and in vivo. Additionally, circ 0110805 served
as a sponge of miR-299-3p to regulate ENDOPDI expres-
sion. Together, our results provided a novel theoretical basis
in treating gastric cancer with cisplatin.
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