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Introduction: Poor prognosis of gastric cancer (GC) has partly been a result of late diagnosis
due to nonspecific symptoms in the early stages. The overall survival rate of patients with GC
is quite low. Here, we presented the functional role and potential mechanism of long noncoding
RNA STXBP5-AS1 in GC.

Materials and methods: CCK-8, scratch wound healing and Transwell assays were conducted
to analyze proliferation, migration, and invasion of SGC7901 and MKN45 cells. Real-time
polymerase chain reaction (QPCR) and Western blot assays were performed to investigate the
relationship between STXBP5-AS1 and STXBPS. Finally, the correlation between STXBPS5-
AST1 and phosphorylated AKT1 (p-AKT1) was explored to reveal the potential mechanism of
STXBP5-AS1 in GC. Western blot assays were performed to analyze phosphorylated AKT1
(p-AKT1) and AKT levels.

Results: Our results suggested that STXBP5-AS1 suppressed proliferation, migration, and
invasion, and the upregulation of STXBP5-AS1 significantly repressed STXBPS expression,
and knockdown of STXBP5-AS1 promoted STXBPS expression. In addition, the p-AKT1
level decreased when STXBP5-AS1 was overexpressed and the p-AKT]1 level increased with
STXBPS5-AS1 knockdown in SGC7901 and MKN45 cells.

Conclusion: In summary, our results indicate that STXBP5-AS1 inhibits cell proliferation,
migration, and invasion through PI3K/AKT in GC.

Keywords: long noncoding RNA, STXBP5-AS1, STXBPS, PI3K/AKT, GC

Introduction
Gastric cancer (GC) ranks as the fifth most frequently diagnosed cancer and the third
leading cause of cancer-related deaths globally.! It is often diagnosed at an advanced
stage and is famous for undergoing malignant proliferation.? Due to the lack of under-
standing about the pathogenesis, and absence of reliable markers, gastro-esophageal
cancers are associated with delayed diagnosis.* To improve the prognosis of GC, it is
necessary to identify more potential biomarkers and reveal their molecular mechanisms.
IncRNAs are defined as transcripts longer than 200 nucleotides that do not encode
proteins.* To date, numerous studies have uncovered that IncRNAs play crucial roles in
awide array of tumors, including GC. For example, Farhangiyan et al showed that low
expression of SOX20T was related to poor diagnosis in GC.° H19 has been considered
a marker of the early stages of GC.° Differentiation antagonizing non-protein coding
RNA (DANCR) promotes migration and invasion in tumors.” MAFG-AS1 has been
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shown to facilitate the migration and invasion of non-small
cell lung carcinoma (NSCLC).? Sun et al showed that GClnc1
affected cell proliferation, invasiveness, and metastasis in
multiple GC models,” and STXBP5-AS1 was involved in
breast cancer'® and non-small-cell lung carcinoma.' How-
ever, the association between STXBP5-AS1 and GC remains
largely unknown.

STXBP5-AS1 was among the newly identified IncRNAs.
According to the UCSC database (http://genome.ucsc.edu/),
we found that STXBP5-ASI1 is located on chromosome 6,
ranging from 147,162,525 to 147,525,750 bp and STXBPS is
an antisense transcript of STXBP5-AS1. STXBP5-ASI1 has
been reported to play a role in breast cancer'® and inhibits

migration and invasion in NSCLC.!" The significant finding
is that STXBPS was linked to GC."? STXBPS was associated
with type 1 von Willebrand disease'* and found to participate
in tumor processes.!! STXBP5 has also been identified as
influenced by PI3K/AKT.!

In our study, using CCK-8, scratch wound healing and
Transwell assays, we evaluated the effects of STXBP5-AS1
on GC cell proliferation, migration, and invasion. Addition-
ally, qPCR and Western blot were performed to investigate
the relationships between STXBP5-AS1, STXBPS5, and
p-AKTI1. Our findings suggested that STXBP5-ASI1 plays
important role, and our study is expected to provide a theo-
retical basis for its role in GC.

Materials and methods

Cell culture

Human GC cell lines, SGC7901 and MKN45, were obtained
from the American Type Culture Collection (ATCC,
Manassas, VA, USA), and all cells were maintained in Dul-
becco’s Modified Eagle’s Medium (DMEM) (Gibco, Carls-
bad, CA, USA) supplemented with 10% fetal bovine serum
(FBS) (Thermo Fisher Scientific, Waltham, MA, USA) in a
humidified atmosphere of 5% (v/v) CO, and 95% air at 37°C.

Plasmid construction

pcDNA3.1 (+) vector was purchased from Thermo Fisher
Scientific. STXBP5-AS1 DNA was obtained by PCR using
cDNA, Pfu DNA polymerase and synthetic oligonucleotide
primers incorporating restriction sites. PCR products were
ligated into the pcDNA3.1 (+) vector according to the manufac-
turer’s protocol (Thermo Fisher Scientific) and then sequenced
to confirm. Primer sequences were as follows (sequence from
5’ to 3’): STXBP5-ASI Forward: GGAGTGGGAGTGTG
AGGAGAA; Reverse: AAGATCCCTGTGGCAAAATCCC.

Cell transfection

pcDNA3.1 STXBP5-AS1 or pcDNA3.1 were separately
transfected into cells using Lipofectamine 2000 (Thermo
Fisher Scientific) according to the manufacturer’s protocol.
Small interfering RNAs (siRNAs) for the STXBP5-AS1 and
negative control (NC) siRNAs were purchased from Ribobio
(Guangzhou, P.R. China). Cell transfection was performed
using siRNAs, plasmids and Lipofectamine 2000 (Thermo
Fisher Scientific) according to the manufacturer’s instruc-
tions. A random RNA duplex (Ribobio) was used as a nega-
tive control, and pcDNA3.1 was used as a negative control.
The target sequences of siRNA were as follows: si-STXBP5-
ASI1: 5-GCAAGTTGCTGAGTATTAT-3’ (sense).

RNA extraction and qPCR

Total RNA was extracted from the GC cells using the
TRIzol Reagent (Thermo Fisher Scientific) according to the
manufacturer’s protocol. cDNA synthesis was performed with
1 ng of total RNA using a cDNA Synthesis Kit (Takara, Ohtsu,
Japan). Relative mRNA levels were determined by qPCR
using an Applied Biosystems 7500 Fluorescent Quantitative
PCR System (Applied Biosystems, Foster City, CA, USA),
SYBR Premix Ex Taq (TaKaRa) and specific primers. The
reaction mixtures started at 95°C for 30 seconds, followed by
40 amplification cycles of 95°C for 5 seconds and 60°C for
30 seconds. The quantification of gene expression was per-
formed using the AACT calculation with CT as the threshold
cycle. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as an endogenous control. The results represent at
least three experiments. The sequences for qPCR are listed
in Table 1.

Cell proliferation assay

Cells were seeded at a density of 3,000 cells/well in 96-well
culture plates and cultured for 18 hours prior to transfection.
Subsequently, transfection experiments were performed
using 20 nM siRNA, 1 pg plasmid and Lipofectamine 2000
(Thermo Fisher Scientific) according to the manufacturer’s
instructions. From 0-3 days posttransfection, 20 puL/well

Table | The sequences used for qPCR

Gene Primer sequence (5'-3")

STXBP5-AS| Forward AGGGACTTGCCTTGTCGCTGAT
Reverse GAGATTTAGGTGGGGACGCTGC

STXBP5 Forward GCTTTAAGGCTCTTTGGTCG
Reverse GCGAATGTAGTATGGCAGGC

GAPDH Forward ACGGATTTGGTCGTATTGGGCG
Reverse GCTCCTGGAAGATGGTGATGGG

Abbreviation: GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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CCK-8 solution was added (Beyotime Institute of Bio-
technology, Haimen, P.R. China). The optical density was
measured at a wavelength of 450 nm using a Thermo Fisher
Scientific Multiskan FC.

Scratch wound healing assay

Cells were seeded in 6-well culture plates at a density of
1x10° cells/well and cultured for 18 hours prior to transfec-
tion. Cells were transfected with pcDNA STXBP5-AS1
or pcDNA3.1 and si-STXBP5-AS1 or si-NC. Cells were
harvested 48 hours posttransfection. Uniform wounds were
scraped. Images for the wound closures were viewed at 40x
magnification by microscope and photographed 0, 24, 48 and
72 hours after scratching.

Cell invasion assay

Cells were treated with pcDNA STXBP5-AS1 or pcDNA3.1
and si-STXBP5-AS1 or si-NC, and Transwell assays were
performed in 6.5 mm Transwell chambers with 8 um pores
(Corning Costar, Corning, NY, USA). The underside of
each membrane was coated with 20% fetal bovine serum
for 2 hours. Approximately 1x10* cells were seeded into the
upper chambers in 100 UL of serum-free medium. Lower
chambers contained 500 UL of medium with 10% fetal bovine
serum. After cells were allowed to migrate, the medium in
the upper chamber was aspirated, and cells on the upper side
were removed with a cotton swab. Cells on the lower side
of the membrane were stained using 0.1% crystal violet for
20 minutes at room temperature. The numbers of invaded cells
in the lower chamber were calculated at 100x magnification
using a microscope (Olympus Corporation, Tokyo, Japan). All
experiments were performed at least three times independently.

Western blot assay

Cells were grown in 6-well plates and transfected with the
indicated plasmids and siRNA using Lipofectamine 2000
(Thermo Fisher Scientific). Cells were washed with pre-
cooling phosphate-buffered saline (PBS), and cells were
collected and then lysed for 20 minutes in cold lysis buffer
(Beyotime Institute of Biotechnology). Extracts were clari-
fied by centrifugation (12,000 rpm/min) for 30 minutes at
4°C. Protein samples were resolved by electrophoresing on
10% polyacrylamide gel electrophoresis (SDS-PAGE) and
then transferred to polyvinylidene fluoride (PVDF). Mem-
branes were blocked in Tris-buffered saline (TBS) containing
5% nonfat dry milk and 0.05% Tween-20 for 20 minutes
with shaking and then incubated with primary antibody
following the manufacturer’s instructions for 2 hours at

room temperature. Samples were then washed with TBST
(TBS-0.1% Tween-20) and incubated for 1 hour with horse-
radish peroxidase-conjugated secondary antibody (1:10,000
dilution). Protein bands were visualized using enhanced
chemiluminescent substrate according to the manufacturer’s
protocol (Millipore, Billerica, MA, USA). The primary anti-
bodies were STXBP5, AKT1, p-AKT1 and GAPDH from
ABclonal Biotechnology (Wuhan, P.R. China).

Statistical analyses

The data were expressed as the means + SD. Differences
were assessed by two-tailed Student’s #-test using GraphPad
Prism 5.0 software (GraphPad Software, Inc. CA, USA).
P<0.05 was considered statistically significant.

Results
STXBP5-AS| attenuates the proliferation

of GC cells

SGC7901 and MKN45 cells were transfected with pcDNA
STXBP5-AS1 and pcDNA 3.1, and then a CCK-8 assay
was performed to examine the effect of STXBP5-AS1 on
proliferation. Compared with the corresponding pcDNA3.1
group, proliferation was inhibited in the pcDNA STXBP5-AS
group (Figure 1A and B).

In contrast, si-STXBP5-AS1 and si-NC were transfected
into SGC7901 and MKN45 cells, and a CCK-8 assay was
conducted to further identify the effect of STXBP5-AS1 on
proliferation. We observed that the proliferation properties
of si-STXBP5-AS1 groups were promoted in SGC7901 and
MKN45 cells compared with corresponding si-NC groups
(Figure 1A and B). Taken together, STXBP5-ASI attenuates
the proliferation of GC cells.

STXBP5-ASI restrains the migration of

GC cells

Next, SGC7901 and MKN45 cells were transfected with
pcDNA STXBP5-AS1 and pcDNA 3.1, and then a scratch
wound healing assay was performed to examine the effect
of STXBP5-AS1 on migration. Migration was decreased in
pcDNA STXBP5-AS1 groups but enhanced in pcDNA 3.1
groups (Figure 2A and B).

SGC7901 and MKN45 cells were transfected with
si-STXBP5-AS1 and si-NC and scratch wound healing
assays were conducted separately. Cells transfected with
si-STXBP5-AS1 had elevated cell migration, and in si-NC
groups, cells had inhibited migration (Figure 2A and B).
Collectively, these results suggested that STXBP5-AS1
restrains the migration of GC cells.

OncoTargets and Therapy 2019:12

submit your manuscript

1931

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Cen et al Dove

A SGC7901 B MKN45
2.0 = 1.5
]*
2 15+ 1 2 IE
7 ] 8 10
[] [}]
T 4104 ©°
3 3
2 2°°]
o 0.5~ o
00 L] Ll L] Ll 00 L] Ll L] L
0 1 2 3 4 0 1 2 3 4
Days Days

=% pcDNA3.1 control ~ =%= pcDNA STXBP5-AS1 == si-NC == si-STXBP5-AS1

Figure | STXBP5-AS| attenuates the proliferation of GC cells.

Notes: CCK-8 assay indicated that STXBP5-AS| inhibited the proliferation of SGC7901 (A) and MKN45 (B) cells. Error bars represent SD obtained from three independent
experiments and all the data are shown as the mean * SD; *P<<0.05; **P<<0.01.

Abbreviations: CCK-8, Cell Counting Kit-8; GC, gastric cancer; NC, negative control; si, small interfering RNA.
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Figure 2 STXBP5-AS| restrains the migration of GC cells.
Notes: Scratch wound healing indicated that STXBP5-AS| repressed the migration of SGC7901 (A) and MKN45 cells (B). *P<<0.05; **P<<0.01; ***P<<0.001.
Abbreviations: GC, gastric cancer; h, hours; NC, negative control; si, small interfering RNA.
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Figure 3 STXBP5-AS| alleviates the invasion of GC cells.
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Notes: Transwell assay suggested that STXBP5-AS| repressed the invasion of SGC7901 (A) and MKN45 (B) cells. *P<<0.05; **P<<0.01; ***P<0.001.
Abbreviations: GC, gastric cancer; h, hours; NC, negative control; si, small interfering RNA.

on invasion. In the si-STXBP5-AS1 groups, invasion was
increased compared to their corresponding si-NC groups
(Figure 3A and B). Our results could further convey that
STXBP5-AS1 weakened the proliferation, migration, and
invasion of GC cells.

STXBP5-AS| downregulates STXBP5

expression in GC cells

SGC7901 and MKN45 cells were transfected with pcDNA
STXBP5-AS1 and pcDNA 3.1. qPCR, and a Western blot
assay was conducted to analyze the association of STXBP5-
AS1 and STXBPS. In pcDNA STXBP5-AS1 groups,
STXBPS5 expression was lower than in pcDNA 3.1 groups
(Figure 4A and B).

In contrast, SGC7901 and MKN45 cells were transfected
with si-STXBP5-AS1 and si-NC. gPCR, and a Western blot
assay was conducted to further examine the association of
STXBP5-AS1 and STXBPS. In si-STXBP5-AS1 groups,
STXBPS expression was higher than in si-NC groups
(Figure 4A and B). Our results demonstrate that STXBPS5-
AS1 downregulates STXBPS5 expression in GC cells.

STXBP5-AS| inhibits the PI3K/AKT

signaling pathway in GC cells

To further explore the mechanism of STXBP5-ASI,
SGC7901 and MKN45 cells were transfected with pcDNA
STXBP5-AS1 and pcDNA 3.1. Western blot assays were

conducted to analyze the association of STXBP5-AS1 and
p-AKT1. We observed that p-AKT1 level was decreased in
the pcDNA STXBP5-AS1 group compared to the pcDNA
3.1 group. STXBP5-AS1 had no significant effects on
AKTI1 (Figure 5A and B). Subsequently, SGC7901 and
MKN45 cells were transfected with si-STXBP5-AS1 and
si-NC. Western blot assays were conducted that showed that
p-AKT1 was increased in si-STXBP5-AS1 groups compared
to cells treated with si-NC. STXBP5-AS1 had no significant
effects on AKT1 (Figure 5A and B). Conjointly, our findings
imply that STXBP5-AS1 may constrain cell proliferation,
migration, and invasion in GC cells through the PI3K/AKT
signaling pathway.

Discussion

GC, the most common cause of death from cancer, is a
tremendous burden worldwide with high morbidity and
high mortality.'* Patients with GC commonly have a poor
prognosis owing to its invasiveness and distant metastasis."
Over the past few years, much effort has gone into exploring
biological functions in GC. Researchers found that IncRNAs
play critical roles in growth, metastasis and prognosis in
a variety of tumors, such as, IncRNA AWPPH promotes
the growth of triple-negative breast cancer by upregulating
FZD7."* MEG3 inhibits metastasis of GC via the p53 signal-
ing pathway.!” Overexpression of DANCR is associated with
advanced tumor progression and poor prognosis in patients
with colorectal cancer.'® Certainly, it has been identified that
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Figure 4 STXBP5-AS| downregulates STXBP5 expression in GC cells.
Notes: Overexpression of STXBP5-AS| restrained STXBP5 expression in SGC7901 (A) and MKN45 (B) cells, and its knockdown promoted STXBP5 expression. Error

bars represent SD obtained from three independent experiments and all the data are shown as the mean + SD. Differences between two groups were analyzed by Student’s
t-test. *P<<0.05; **P<<0.01; ***P<<0.001.

Abbreviations: GC, gastric cancer; NC, negative control; si, small interfering RNA.
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Figure 5 STXBP5-AS| inhibits the PI3K/AKT signaling pathway in GC cells.

in patients with breast cancer.'® STXBP5-AS1 inhibits cell
proliferation, migration, and invasion in NSCLC."" Based
on UCSC, we noticed that STXBP5-AS1 is an anti-sense
of STXBP5. STXBPS is involved in docking and fusion of
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Notes: (A, B) Western blot was conducted to examine the association of STXBP5-AS| and p-AKTI. Significant reduction in p-AKT| level was observed in pcDNA
STXBP5-AS| groups compared to groups transfected with pcDNA 3.1. Then, the increase in p-AKT | was found in the si-STXBP5-AS| group compared to the si-NC group.
Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GC, gastric cancer; NC, negative control; si, small interfering RNA.
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synaptic vesicles with the presynaptic plasma membrane. It is
widely known that a variety of vesicles secreted by several
types of cells have roles in different processes related to
cancer biology. For example, exosomes from lung cancer
promote cell migration.”! The presence of tumor-derived
cilia vesicles enhanced glioma cell proliferation.”? STXBP5
recently was found to have effects in NSCLC."

Based on our study, the results showed that STXBP5-
ASI1 could influence the p-AKT]1 levels, which is likely to
be associated with PI3K/AKT signaling pathway. In fact,
the PI3K/AKT signaling pathway is critically involved in
tumor cellular functions.?*?* It is notable that IncRNAs have
also been identified to participate in proliferation, migra-
tion, metastasis, and invasion via regulating the PI3K/AKT
pathway in GC, such as ADAMTS9-AS2,> CRNDE,?*
HOTAIR,” and HULC.®

In our study, we conducted CCK-8, scratch wound
healing and transwell assays to analyze proliferation, migra-
tion and invasion, respectively. Our results suggested that
STXBP5-AS1 inhibits SGC7901 and MKN45 cell prolifera-
tion, migration, and invasion. Then, using qPCR and Western
blot assay, we found that in the pcDNA STXBP5-ASI
group, STXBPS5 expression was lower than the pcDNA 3.1
group. In the si-STXBP5-AS1 group, STXBPS5 expression
was higher than in the si-NC group. Our results suggested
that STXBP5-AS1 downregulates STXBP5 expression
in GC cells. Subsequently, the potential mechanism was
further affirmed by Western blot assay results, indicating
that p-AKT1 level was decreased in cells transfected with
pcDNA STXBP5-AS1 and significantly increased in the
si-STXBP5-AS1 group. Overall, our findings collectively
demonstrated that STXBP5-AS1 inhibits cell proliferation,
migration, and invasion in GC via blocking the PI3K/AKT
signaling pathway.

Conclusion

This study may provide a fresh look at the functional role
and potential mechanism of STXBP5-AS1 in GC, but there
were some limitations in our study. More specific mecha-
nisms need to be clarified than we currently understand, such
as the exact regulatory relationship between STXBP5-AS1
and STXBP5 and more potential events associated with
STXBP5-AS1 in GC. Such findings will enable further
follow-up on the basis of the findings that provide a new
understanding of STXBP5-AS1 in GC.
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