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ARCA5 inhibits gastric cancer
progression through targeting the miR-346/ FBXL2
axis

Quanying Li,† Hongna Tang,† Fangfang Hu and Changjiang Qin *

Circular RNA (circRNA) SMARCA5 (circSMARCA5) is a cancer-related circRNA that has been observed to be

involved in the progression of several types of cancer. However, the role of circSMARCA5 in gastric cancer

has not been reported. In the present study, we aimed to explore the function and mechanism of

circSMARCA5 in gastric cancer. Our results showed that circSMARCA5 expression was significantly

decreased in human gastric cancer tissues and cell lines. Further in vitro investigations demonstrated that

overexpression of circSMARCA5 in SGC7901 cells inhibited cell proliferation, migration and invasion.

Luciferase reporter assays proved that circSMARCA5 acted as a sponge for miroRNA-346 (miR-346) and

regulated the expression of F-Box and leucine rich repeat protein 2 (FBXL2). Furthermore, transfection of

miR-346 mimics into cells overexpressing circSMARCA5 blocked the function of circSMARCA5. Finally,

we found that knockdown FBXL2 significantly reversed the effects of miR-346 inhibitor on gastric cell

proliferation, migration and invasion. Collectively, circSMARCA5 exhibited a tumor suppressor-like

activity in gastric cancer via regulating the miR-346/FBXL2 axis.
1. Introduction

Gastric cancer is one of the most common malignancies in the
digestive system.1 Gastric cancer remains the second highest in
frequency and mortality rate of all cancers throughout the
world.1 In recent years, the incidence of gastric cancer is grad-
ually increasing in young people. Because of the lack of specic
signs and markers of early gastric cancer, most patients (>70%)
develop advanced stages of the disease. Therefore, patients with
gastric cancer exhibit high incidence, metastasis rate, and
mortality rate, as well as low early diagnosis rate, radical
resection rate, and 5 year survival rate.2 Themain treatments for
gastric cancer are surgical resection, and the combination of
neoadjuvant chemoradiotherapy, molecular-targeted therapy
and immunotherapy.2 In recent years, increasing research has
been performed to improve the prognosis of gastric cancer and
develop new therapeutic approaches.

Circular RNAs (circRNAs) is a type of RNA which contains
a covalently closed continuous loop linking the 30 and 50 end.3

CircRNAs have been categorized as noncoding RNA; however,
a growing body of evidence indicates that circRNAs possess
numerous properties via acting as cytoplasmic microRNA
sponges, protein-like modulators, or transcriptional regula-
tors.4 The accumulating researches prove that dysregulation of
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circRNAs is involved in various human diseases, including
cancer.5–7

It has been documented that a large number of circRNAs are
differentially expressed in gastric cancer.8,9 Further investiga-
tions demonstrate that several circRNAs are implicated in the
pathogenesis of gastric cancer. For instance, circRNA PVT1
(circPVT1) expression is upregulated in gastric cancer tissues.10

CircPVT1 is a novel proliferative factor and prognostic marker
in gastric cancer. Circ_0000096 has been found to be signi-
cantly downregulated in gastric cancer tissues and cell lines.11

Knockdown of circ_0000096 inhibits cell proliferation and
migration in vitro and in vivo, indicating that circ_0000096
might be used as a potential novel biomarker for gastric cancer.
CircSMARCA5 is a cancer-related circRNA that has been
observed to be involved in several types of cancers, such as
prostate cancer,12 cervical cancer,13 hepatocellular carcinoma
(HCC),14 and glioblastoma multiforme (GBM).15 However, the
role of circSMARCA5 in gastric cancer and the mechanism has
not been fully investigated. In the current study, we explored the
functional mechanism of circSMARCA5 in gastric cancer.
2. Materials and methods
2.1 Tissue collection and cell culture

Clinical tissues were obtained from 23 patients who were
pathologically diagnosed with primary gastric cancer. The
gastric cancer tissues and paired surrounding normal tissues
were collected during surgery therapy from September 2015 to
January 2017 in Huaihe Hospital of Henan University (Kaifeng,
RSC Adv., 2019, 9, 18277–18284 | 18277
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China). The sample were frozen in liquid nitrogen and then
stored at �80 �C. All experiments were performed in compli-
ance with the Ethics Committee of Huaihe Hospital of Henan
University and approved by the Ethics Committee of Huaihe
Hospital of Henan University. Informed consent was obtained
for any experimentation with human subjects.
2.2 Cell culture and transfection

Human normal gastric mucosa epithelial cell GES-1 and four
human gastric cancer cell lines including MGC803, SGC7901,
N87 and AGS cells (Institute of Biochemistry and Cell Biology,
SIBS, CAS, Beijing, China) were cultured in RPMI cell culture
medium (Hyclone, South Logan, UT, USA) supplemented with
10% FBS (Hyclone) and 1% penicillin/streptomycin. Cells were
maintained in a humidied atmosphere containing 5% CO2 at
37 �C.

SGC7901 cells were transfected with small interfere RNA
(siRNA) targeting F-Box and leucine rich repeat protein 2 (si-
FBXL2) or control siRNA (si-NC) using siRNA-Mate (Gene-
Pharma, Shanghai, China). The overexpression vector of circS-
MARCA5 (pLCDH-circSMARCA5) and empty vector (pLCDH)
were constructed by Geneseed Co., Ltd. (Guangzhou, China).
MiR-346 mimic, control mimic (miR-NC), miR-346 inhibitor,
and control inhibitor (NC-inhibitor) were all purchased from
RiboBio Co., Ltd. (Guangzhou, China). Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) was used for the transfection
with pLCDH-SMARCA5/pLCDH and miR-346/miR-NC. The
experiment was performed in triplicate.
2.3 Cell proliferation assay

Aer 6 h post transient transfection, cells were seeded on the 96-
well plates (5 � 104 cells per well) and incubated for 24, 48, and
72 h. Then, CCK-8 solution (Dojindo, Kumamoto, Japan) was
added into each well and incubated for 1 h. Optical density (OD)
at wavelength of 450 nm was detected using a microplate reader
(Bio-Tek, Winooski, VT, USA). The experiment was performed in
triplicate.
2.4 Cell migration and invasion assays

Cell migration and invasion were measured using transwell
assay with Transwell chambers (8 mm-pore; BD Biosciences, San
Jose, CA, USA). Aer 48 h post transfection, cells were collected
and suspended in serum free medium at a density of 1 � 106

cells per ml. Aer that, 100 ml cell suspension was inoculated in
the upper chamber. For the invasion assay, the membranes
were coated with Matrigel (BD Biosciences). The lower chamber
was added with 600 ml RPMI containing 10% FBS. Then the cells
were incubated for 24 h. The non-invading cells were removed
by scraping, while the invaded cells were mixed with para-
formaldehyde for 15 min, and then stained with crystal violet
for 10 min. The stained cells were detected under an inverted
microscope. Five random elds were selected and the numbers
of cells were counted. The experiment was performed in
triplicate.
18278 | RSC Adv., 2019, 9, 18277–18284
2.5 Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from the clinical samples and cell lines
with TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according
to the instructions. The cDNA was synthesized by One Step
PrimeScript cDNA Synthesis Kit (Takara, Shiga, Japan). QRT-
PCR was performed by Premix Ex Taq II kit (Takara), on an
ABI 7600 fast Real-time PCR System (Applied Biosystems). The
All-in-One™ miRNA qRT-PCR Detection Kit (GeneCopoeia,
Rockville, MA, USA) was used for the determination of miR-346.
The relative expression fold changes were calculated using the
2�DDCt method. GAPDH or U6 were tested as the internal
controls. CircSMARCA5 50-ACA ATG GAT ACA GAG TCA AGT
GTT-30, 50-CCA CAA GCC TCC CTT TTG TTT T-30; GAPDH 50-TGT
TCG TCA TGG GTG TGA AC-30, 50-ATG GCA TGG ACT GTG GTC
AT-30; miR-346 50-TGT CTG CCC GCA TGC CTG CCT CT-30; U6
50-CTC GCT TCG GCA GCA CA-30, 50-AACGCTTCAC-
GAATTTGCGT-30. The experiment was performed in triplicate.
2.6 Western blot analysis

SGC7901 cells were collected and lysed in radio-
immunoprecipitation assay (RIPA) buffer (Beyotime Biotech-
nology, Shanghai, China). The protein concentration in cell
lysates was measured using bicinchoninic acid (BCA) kit (Key-
Gen Biotechnology, Nanjing, Jiangsu, China). Then equal
amounts of protein samples were mixed with loading buffer and
boiled for 10 min for denaturation. The samples were subjected
to 10% SDS-PAGE and transferred onto a polyvinylidene uo-
ride (PVDF) membrane (Millipore, Bedford, MA, USA). Aer
blocking in 5% skim milk for 1 h, the 1 : 1000 diluted specic
primary antibodies against FBXL2 and GAPDH (Abcam, Cam-
bridge, MA, USA) were added onto membranes, followed by
incubation at 4 �C overnight. On the next day, the 1 : 5000
diluted horseradish peroxidase (HRP)-labeled goat anti-rabbit
secondary antibody (Abcam) was added onto the membranes
and incubated for 1 h at 37 �C. The enhanced chem-
iluminescence (ECL) reagent was used to develop the bands.
The optical density of targeted bands was determined using
Image J soware (NIH, Bethesda, MD, USA). The experiment
was performed in triplicate.
2.7 Luciferase reporter assay

Wide type circSMARCA5 (circSMARCA5-WT), circSMARCA5
mutant (circSMARCA5-MUT), wide type FBXL2 (FBXL2-WT)
and FBXL2 mutant (FBXL2-MUT) were constructed into
pGL3-Basic luciferase vector (Promega, Madison, WI, USA).
The generated reporter plasmids, along with miR-346 mimic/
miR-NC were co-transfected into SGC7901 cells using Lip-
ofectamine 2000 (Invitrogen). Then luciferase activity was
detected using dual-luciferase Reporter assay system (Prom-
ega) at 48 h post-transfection. The experiment was performed
in triplicate.
2.8 Statistical analysis

Statistical analysis was performed using SPSS 19.0 soware
(SPSS, Chicago, IL, USA). Data were expressed as the mean �
This journal is © The Royal Society of Chemistry 2019
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standard deviation (SD). Student's t-test or one-way analysis
of variance (ANOVA) was used to analyze differences between
two experimental groups or among more than two groups,
respectively. P values less than 0.05 were considered statis-
tically different.
3. Results
3.1 CircSMARCA5 was lowly expressed in human gastric
cancer tissues and cell lines

To investigate the role of circSMARCA5 in gastric cancer, we
detected the expression of circSMARCA5 in gastric cancer
tissues and adjacent normal tissues. As shown in Fig. 1A, the
circSMARCA5 expression was markedly downregulated in
gastric cancer tissues as compared to adjacent normal tissues.
Then we evaluated the circSMARCA5 expression in normal
gastric mucosa epithelial cell GES-1 and gastric cancer cell
lines. As indicated in Fig. 1B, the expression level of circS-
MARCA5 in GES-1 cells was signicant higher than that in
human gastric cancer cell lines including MGC803, SGC7901,
N87 and AGS cells. SGC7901 cell line exhibited the lowest
circSMARCA5 expression, thus, this cell line was selected in the
following experiments.
Fig. 1 Expression of circSMARCA5 in clinical tissues and cell lines. (A)
Expression of circSMARCA5 in gastric cancer tissues and adjacent
normal tissues. *p < 0.05 vs. adjacent. (B) Expression of circSMARCA5
in normal gastric mucosa epithelial cells (GES-1 cells) and gastric
cancer cell lines (MGC803, SGC7901, N87 and AGS cells). *p < 0.05 vs.
GES-1 group.

This journal is © The Royal Society of Chemistry 2019
3.2 Overexpression of circSMARCA5 inhibited the
proliferation, migration and invasion of gastric cancer cells

In order to investigate the function of circSMARCA5 in gastric
cancer, the circSMARCA5 overexpressing vector, pLCDH-
circSMARCA5, was transfected into SGC7901 cells. Trans-
fection efficiency assay showed that circSMARCA5 expression
was markedly increased aer transfection with pLCDH-
circSMARCA5 when compared with pLCDH-transfected
SGC7901 cells (Fig. 2A). Next, we detected the effect of
circSMARCA5 overexpression on proliferation, migration and
invasion. CCK-8 assay demonstrated that circSMARCA5
overexpression dramatically suppressed the cell proliferation
of SGC7901 cells (Fig. 2B). In addition, cell migration and
invasion were also reduced by circSMARCA5 overexpression
(Fig. 2C and D).
3.3 MiR-346 mimic reversed the inhibitory effects of
circSMARCA5 on gastric cancer cells

CircRNAs have been found to function as miRNA sponges to
regulate gene expression. Therefore, we predicted the down-
stream target miRNAs of circSMARCA5 using the Circular RNA
Interactome database and Targetscan. The results showed that
miR-346 might be a target gene of circSMARCA5 (Fig. 3A). To
conrm the prediction, circSMARCA5-WT/circSMARCA5-MUT
and miR-346 mimic/miR-NC were co-transfected into
SGC7901 cells. The results showed that luciferase activity was
obviously decreased aer cotransfection with circSMARCA5-
WT and miR-346 mimic (Fig. 3B). Additionally, miR-346
expression was signicantly decreased aer transfection with
pLCDH-circSMARCA (Fig. 3C). Furthermore, the levels of miR-
346 were signicantly up-regulated in gastric cancer tissues
and cell lines (Fig. 4D and E). Transfection with miR-346
mimic prevented circSMARCA5-caused inhibitory effects on
proliferation, migration and invasion in SGC7901 cells
(Fig. 3F–H).
3.4 Knockdown of FBXL2 reversed the tumor-suppression
effects of miR-346 inhibitor in gastric cancer cells

To explore the mechanism of miR-346, the target genes of
miR-346 were predicted using Targetscan. As shown in Fig. 4A,
FBXL2 was found to be a target gene of miR-346. In order to
further conrm the predicted results, FBXL2-WT/FBXL2-MUT
and miR-346 mimic/miR-NC were co-transfected into
SGC7901 cells. The results in Fig. 4B showed that luciferase
activity in SGC7901 cells co-transfected with FBXL2-WT and
miR-346 mimic was dramatically decreased as compared to
other cells (Fig. 4B). Transfection with miR-346 mimic
signicantly suppressed the expression of FBXL2 (Fig. 4C and
D). We also examined the expression of FBXL2 in gastric
cancer cell lines, and the results showed that FBXL2 expres-
sion levels were greatly down-regulated in gastric cancer cell
lines, as compared with the GES-1 cell line. Additionally,
knockdown of FBXL2 mitigated the decreased SGC7901 cells
proliferation, migration and invasion caused by miR-346
inhibitor (Fig. 4F–H).
RSC Adv., 2019, 9, 18277–18284 | 18279
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Fig. 2 Effect of circSMARCA5 on proliferation, migration and invasion in SGC7901 cells. (A) Transfection efficiency was confirmed by qRT-PCR
analysis after 48 h post transfection with pLCDH-circSMARCA5 or pLCDH. (B) Cell proliferation was measured using CCK-8 assay. (C and D) Cell
migration and invasion were detected using transwell assay. *p < 0.05 vs. pLCDH group.
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4. Discussion

Emerging evidence has shown circRNAs are involved in the
progression of many different kinds of cancers, either acting as
oncogene or tumor suppressor. Previous study reported that
circSMARCA5 exerts a promising druggable tumor suppressor
role in GBM.16 Besides, GBM patients with low circSMARCA5
expression have lower overall and progression free survival rates
than those patients with higher circSMARCA5 expression.
CircSMARCA5 regulates angiogenesis in GBM via regulating
vascular endothelial growth factor A (VEGFA) mRNA splicing.15

CircSMARCA5 is up-regulated in prostate cancer and acts as an
oncogene by promoting cell cycle and inhibiting cell apoptosis
of prostate cancer cell lines.12 Another study showed that
circSMARCA5 was downregulated in cervical cancer, and over-
expression of circSMARCA5 inhibited cervical cancer cell
proliferation, migration and invasion, and induced cell cycle
arrest.13 Li et al.14 reported that circSMARCA5 is signicantly
downregulated in HCC tissues. The expression level of circS-
MARCA5 is signicantly associated with tumor differentiation,
tumor-node-metastasis (TNM) stage, cancer invasion, and
cancer diameter. Overexpression of circSMARCA5 results in
18280 | RSC Adv., 2019, 9, 18277–18284
decreased proliferation, increased apoptosis and reduced
invasion, indicating circSMARCA5 may serve as a monitor
biomarker and therapeutic target for HCC. In the present study,
we found that circSMARCA5 expression was decreased in
human gastric cancer tissues and cell lines. In vitro investiga-
tions demonstrated that overexpression of circSMARCA5
inhibited the proliferation, migration and invasion of gastric
cancer cells.

Increasing evidence indicates that a large number of miR-
NAs have been found to take vital parts in the pathogenesis
and progression of cancers. MiR-346 promotes the biological
functions of breast cancer cells, including cell proliferation,
colony formation, migration and invasion.17 Guo et al.18

proved that miR-346 contributes to cervical cancer cell
malignancy via up-regulating argonaute 2 (AGO2) expression.
Additionally, miR-346 acts as an oncogenic miRNA in non-
small cell lung cancer (NSCLC) since it can facilitate cell
growth and metastasis, and suppress cell apoptosis in NSCLC
cell lines.19 It has been shown that circRNAs usually acts as
miRNA sponges to regulate gene expression. Ning and his
colleagues reported that circFBLIM1 acts as a competing
endogenous RNA (ceRNA) to promote the progression of HCC
This journal is © The Royal Society of Chemistry 2019
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Fig. 3 CircSMARCA5 exerted its effects via spongingmiR-346. (A) The binding sites betweenmiR-346 and circSMARCA5. (B) Luciferase reporter
assay was performed to confirm the prediction. (C) Effect of circSMARCA5 on miR-346 expression. (C and D) The expression of miR-346 in
gastric cancer tissues and cell lines. (F–H) Effect of miR-346 on circSMARCA5-caused inhibitory effects on proliferation, migration and invasion
in SGC7901 cells. *p < 0.05 vs. pLCDH group; #p < 0.05 vs. pLCDH-circSMARCA5 group.
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by sponging miR-346.20 Herein, we found that circSMARCA5
directly binds to miR-346. Overexpression of circSMARCA5
caused signicant decrease in miR-346 expression. Trans-
fection with miR-346 mimic prevented the inhibitory effects of
This journal is © The Royal Society of Chemistry 2019
circSMARCA5 on proliferation, migration and invasion in
gastric cancer cells. These results suggested that circSMARCA5
executed its effects via sponging miR-346 in gastric cancer
cells.
RSC Adv., 2019, 9, 18277–18284 | 18281
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Fig. 4 miR-346 executed its function via targeting FBXL2. (A) FBXL2 was predicted to be a target gene of miR-346. (B) The predicted results were
confirmed using luciferase reporter assay. (C and D) Effect of miR-346 on FBXL2 expression. (E) The expression of FBXL2 in gastric cancer cell
lines. (F–H) Effect of FBXL2 knockdown on proliferation, migration and invasion in SGC7901 cells treated with miR-346 inhibitor. *p < 0.05 vs.
NC-inhibitor group; #p < 0.05 vs. miR-346 inhibitor group.
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FBXL2 is a highly conserved member of F-box protein family.
FBXL2 is a component of Skp-Cullin-F box (SCF) ubiquitin E3
ligase, playing critical role in ubiquitination of proteins, thereby
18282 | RSC Adv., 2019, 9, 18277–18284
regulating diverse processes. FBXL2 has been found to inhibit
tumorigenesis by targeting and ubiquitinating several onco-
proteins. FBXL2 exerts human lung tumor suppressor because
This journal is © The Royal Society of Chemistry 2019
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it can cause cell cycle arrest through ubiquitin-mediated
degradation of cyclin D3, which is a cell cycle-related
protein.21 Besides, FBXL2 inhibits gastric cancer proliferation
and invasion by ubiquitin-mediated degradation of forkhead
box M1 (FoxM1) transcription factor in gastric cancer cells.22

Chen et al. reported that FBXL2 is ectopically expressed in
a transformed murine lung epithelial (MLE) cell line. Ectopic
expression of FBXL2 induces cyclin D2 degradation, whereas
knockdown of FBXL2 results in signicant increase in cyclin D2
expression. Moreover, FBXL2 inhibits cell proliferation and
induces apoptosis in leukemic cells.23 Our results showed that
FBXL2 was a target gene of miR-346. The expression of FBXL2
was markedly suppressed aer transfection with miR-346
mimic. Additionally, knockdown of FBXL2 blocked the inhibi-
tory effects of miR-346 inhibitor on SGC7901 cells proliferation,
migration and invasion. These ndings implied that miR-346
served as an oncogenic miRNA in gastric cancer via targeting
FBXL2.

In conclusion, the present study evaluated the role of circS-
MARCA5 in gastric cancer and the underlying mechanisms. The
results showed that circSMARCA5 inhibited cell proliferation,
migration and invasion of gastric cancer cell lines. Further-
more, we demonstrated that circSMARCA5 served as a tumor
suppressor in gastric cancer via regulating miR-346/FBXL2 axis.
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