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Abstract

BACKGROUND

Gastric cancer (GC) is one of the most common malignant tumors. Osteopontin
(OPN) is thought to be closely related to the occurrence, metastasis and prognosis
of many types of tumors.

AIM
To investigate the effects of OPN on the proliferation, invasion and migration of
GC cells and its possible mechanism.

METHODS

The mRNA and protein expression of OPN in the GC cells were analyzed by real-
time quantitative-reverse transcription polymerase chain reaction and western
blotting, and observe the effect of varying degree expression OPN on the prolif-
eration and other behaviors of GC. Next, the effects of OPN knockdown on GC
cells migration and invasion were examined. The short hairpin RNA (shRNA) and
negative control shRNA targeting OPN-shRNA were transfected into the cells
according to the manufacturer’s instructions. Non transfected cells were classified
as control in the identical transfecting process. 24 h after RNA transfection cell
proliferation activity was detected by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide assay, and cell invasiveness and migration were
detected by Trans well assay. Meanwhile, the expression of protein kinase B
(AKT), matrix metalloproteinase 2 (MMP-2) and vascular endothelial growth
factor (VEGF) in the human GC cell lines was detected by reverse transcription
polymerase chain reaction and western blotting.
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RESULTS

The results of this study revealed that OPN mRNA and protein expression levels were highly expressed in SGC-
7901 cells. OPN knockdown by specific sShRNA noticeably reduced the capabilities of proliferation, invasion and
migration of SGC-7901 cells. Moreover, in the experiments of investigating the underlying mechanism, results
showed that OPN knockdown could down-regulated the expression of MMP-2 and VEGTEF, it also decreased the
phosphorylation of AKT. Meanwhile, the protein expression levels of MMP-2, VEGF and phosphorylated AKT was
noticeable lower than that in control group in the GC cells after they were added to phosphatidylinositol-3-kinase
(PI3K) inhibitor (LY294002).

CONCLUSION

These results suggested that OPN though PI3K/AKT/mammalian target of rapamycin signal pathway to up-
regulate MMP-2 and VEGF expression, which contribute SGC-7901 cells to proliferation, invasion and migration.
Thus, our results demonstrate that OPN may serve as a novel prognostic biomarkers as well as a potential
therapeutic targets for GC.

Key Words: Osteopontin; Proliferation; Invasion; Migration; Gastric cancer; Phosphatidylinositol-3-kinase/protein kinase
B/mammalian target of rapamycin signaling pathway

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We investigated the effects of osteopontin (OPN) on the proliferation, invasion and migration of gastric cancer
(GC) cells and its possible mechanism. The results of this study revealed that OPN mRNA and protein expression levels
were highly expressed in SGC-7901 cells. OPN knockdown by specific short hairpin RNA noticeably reduced the
capabilities of proliferation, invasion and migration of SGC-7901 cells. Moreover, our results showed that OPN though
phosphatidylinositol-3-kinase/protein kinase B/mammalian target of rapamycin signaling pathway signal pathway to up-
regulate matrix metalloproteinase 2 and vascular endothelial growth factor expression, which contribute SGC-7901 cells to
proliferation, invasion and migration. These results demonstrate that OPN may serve as a novel prognostic biomarkers as
well as a potential therapeutic targets for GC.
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INTRODUCTION

Gastric cancer (GC) is the fifth most common cancer and the third leading cause of cancer-related death worldwide[1]. At
present, the development of comprehensive treatment strategies has greatly improved the therapeutic effect of GC
patients. Because the accurate diagnosis of early GC is difficult[2], the prognosis of most GC patients is still poor, and the
5-year survival rate of patients with advanced GC is approximately 25%[3]. Therefore, more accurate identification of
prognostic biomarkers and molecular basis of GC invasion and metastasis has important clinical value for understanding
GC and developing new effective treatment strategies.

Osteopontin (OPN), an extracellular matrix (ECM) phosphoglycoprotein, is expressed at elevated levels in a variety of
malignant tumors (such as breast cancer, lung cancer, urogenital tumors, head and neck cancer, osteosarcoma, efc.) and is
involved in many pathophysiological processes including tumorigenesis, leading to poor prognosis. Since it is involved in
promoting aggressive and metastatic progression of many cancers, it is considered as a potential important biomarker for
monitoring cancer progression[4-13]. In addition, the up-regulation of OPN expression is also closely related to the
occurrence, metastasis and prognosis of tumors in the digestive system, and even the size and grade of tumors[14-18].

With the ongoing study of OPN, OPN is also being explored as a potential therapeutic target. For example, reducing
OPN expression could provide novel strategies for the treatment of patients with various types of metastatic cancer[15,19-
22].

A number of studies have reported that the expression of OPN in GC tissues is significantly higher than that in non-
tumor tissues, and is closely related to the invasion, metastasis and prognosis of GC[15,23-28]. But there are conflicting
stories. Tang et al[29] concluded that the expression of OPN in GC tissues was not related to prognosis.

Previous studies of our research group have found[30] that OPN is significantly up-regulated in GC tissues, and its
expression level is closely related to clinicopathological parameters, overall survival (OS) and disease-free survival of
patients, suggesting that OPN is closely related to poor prognosis of GC. The results are consistent with those of Sun et al
[31]. Final results in a meta-analysis showed that high OPN expression was associated with poor OS, suggesting that
OPN is a promising prognostic biomarker for GC[32].
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These data indicated that OPN may play a crucial role in the carcinogenesis of GC. Despite increasing insights into the
function of OPN-promoted progression of GC, the exact mechanism of OPN-promoted invasion and progression in GC
remains unclear.

Phosphatidylinositol-3-kinase/protein kinase B (PI3K/AKT) signaling pathway is one of the most widely studied
signaling pathways. PI3K/ AKT/mammalian target of rapamycin (PI3K/AKT/mTOR) signaling pathway is involved in
cell proliferation, invasion and metastasis after abnormal activation of malignant tumors[33]. PI3K/AKT/mTOR
signaling pathway is considered to be one of the most common regulatory pathways in GC molecular mechanism studies
[33-35].

However, whether OPN can regulate the PI3K-AKT-mTOR signaling pathway in GC cells has not been reported in the
literature. Therefore, our study comprehensively analyzed whether OPN in GC cells regulates the expression of PI3K and
phosphorylation of its downstream signal transduction pathway protein by exerting its kinase activity, thus promoting
the proliferation, migration and invasion of GC cells. This study aims to explore the mechanism of the regulation of PI3K-
AKT-mTOR signal transduction pathway by OPN in GC cells, so as to provide a new theoretical basis for elucidate the
metastasis and invasion mechanism of GC and further develop the targeted treatment of GC with protein kinase
inhibitors.

MATERIALS AND METHODS

Reagents

The GC cell lines (SGC-7901, HGC-27, and AGS) and normal gastric mucosa epithelial cell line (GES-1) were provided by
China Center for Type Culture Collection (China); roswell park memorial institute (RPMI) 1640 cell culture medium,
Ham’s F 12 nutrient medium (F12), and 0.25% trypsin-ethylenediaminetetraacetic acid were provided by HYclone
(United States); fetal bovine serum (FBS) was offered by Haoyang (China); OPN-short hairpin RNA (shRNA) interference
vector and negative control shRNA (NC-shRNA) interference vector were designed and developed by Sangon (China);
RNAiso Plus TB Green™ Premix Ex Taq™ II PrimeScript™ RT reagent kit with gDNA Eraser were provided by Takara
(Japan); The primer sequence of OPN, matrix metalloproteinase 2 (MMP-2), vascular endothelial growth factor (VEGF)
and p-actin were designed and fabricated by Sangon (China); primary monoclonal antibodies for mTOR (Abp54398),
OPN (Abp52084), AKT (Abp50636), phosphorylated AKT (p-AKT) (phosphorySer473), B-actin (A01010) and horseradish
peroxidase (HRP) conjugated secondary antibodies (A21010, A21020) were offered by Abbkine (United States); primary
monoclonal antibodies for MMP-2 (BS-0412R) and VEGF (BS-0279R) were provided by Bioss (China); LY294002 inhibitor
was purchased from Meilun (China).

Cells Preparation

Human GC cell lines were cultured in RPMI-1640 medium supplemented with 10% FBS and antibiotics (100 U/mL
streptomycin and 100 pg/mL penicillin); the AGS cells underwent culture process in F-12 medium supplemented with
10% FBS and antibiotics (100 U/mL streptomycin and 100 pg/mL penicillin). All of the cells were grown in a humid
incubator with 5% CO, at 37 °C, besides, the adherent cells were cleaned twice consecutively with phosphate-buffered
saline. Cells were harvested with 0.25% trypsin and passaged at a ratio of 1: 3 every three days.

Gene silencing of OPN with shRNA interference vectors construction

The shRNA targeting OPN-shRNA and the NC-shRNA were transiently transfected cells with Ultra Fectin according to
the instruction of the manufacturer. Non transfected cells were classified as control in the identical transfecting process.
TTCAAGAA was taken as the loop structure of shRNA template to avoid the formation of termination signal, and T6
structure acted as the transcription termination sequence of shRNA. ShRNA expression vector covered the expression
framework of green fluorescent protein, which can be expressed after being transferred into cells. The transfection
efficiency can be easily determined under a fluorescence microscopy or by flow cytometry. Cells were cultured for 24 h or
48 h and subsequently harvested for further experiments.

The sequences of the shRNAs include: OPN-shRNA1: Sense: 5'-CACCGAGGAGTTGAATGGTGCATACTTCAAGA-
GAGTATGCACCATTCAACTCCTCTTTTTTG-3', Anti-sense: 5'-AGCTCAAAAAAGAGGAGTTGAATGGTGCATACTCTCT-
TGAAGTATGCACCATTCAACTCCTC-3'; OPN-shRNA2: Sense: 5'-CACCGTAAGGAAGAAGATAAACACCTTCAAGA-
GAGGTGTTTATCTTCTTCCTTACTTTTTTG-3', Anti-sense: 5'-AGCTCAAAAAAGTAAGGAAGAAGATAAACACCTCTCI-
TGAAGGTGTTTATCTTCTTCCTTAC-3'; OPN-shRNA3: Sense: 5'-CACCGTGCATCTTCTGAGGTCAATTTTCAA-
GAGAAGACCTCAGAAGATGCACTTTTTTG-3', Anti-sense: 5'-AGCTCAAAAAAGTGCATCTTCTGAGGTCAATTTCTCI-
TGAAAATTGACCTCAGAAGATGCAC-3'; NC-shRNA: Sense: 5'-CACCGTTCTCCGAACGTGTCACGTCAAGAGAT-
TACGTGACACGTTCGGAGAATTTTTTG-3', Anti-sense: 5'-AGCTCAAAAAATTCTCCGAACGTGTCACGTAATCTCT-
TGACGTGACACGTTCGGAGAAC-3'.

Cell proliferation detection by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide (MTT) assay

24 h after RNA transfection, human GC cell line (SGC-7901) was seeded in 96-plates (4 x 10° cells/well). For this
experiment, 1 h post-cell seeding was defined as the 0 h time point. After 0, 24, 48, 72, 96 h, the cells were incubated with
MTT solution (5 mg/mL) in an incubator for 4 h, respectively. The formed formazan crystals were dissolved with 200 pL
of dimethyl sulfoxide and then mixed well. The optical density of each sample was determined at 490 nm with Epoch™
Microplate Spectrophotometer (United States).
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Cell invasion and migration determination by Transwell assays

The transwell chamber was placed into a 24-well plates. In the upper chamber coated with matrigel (for invasion assay),
SGC-7901 (4 x 10%) cells in 200 pL serum-free XGI-1640 medium were added. In the upper chamber without being coated
with matrigel (for migration assay), SGC-7901 (2 x 10%) cells in 200 pL serum-free XGI-1640 were added. The lower
chamber was filled with 600 pL conditioned media. After incubated for 48 h (for invasion) or 24 h (for migration), the cells
were incubated with formaldehyde 4% for 20 min at ambient temperature. Subsequently, cells were stained with 1%
crystal violet for 30 min at ambient temperature. Next, the images of various fields (1 = 3) at 100 X magnification for each
insert were counted.

RNA extraction and Real-time polymerase chain reaction (PCR)

Total RNA was extracted from human gastric cell lines using RNAiso Plus and then quantified spectrophotometrically by
its absorbance at 260 nm. Forward primer 5'-AGCGAGGAGTTGAATGGTGCATAC-3' reverse primer 5'-AATCTGGACT-
GCTTGTGGCTGTG-3'; MMP-2, forward primer 5'-GGCGGTCACAGCTACTTCTTCAAG-3', reverseprimer 5'-ATCGAAG-
GCAGTGGAGAGGAAGG-3'; VEGF, forwardprimer 5'-CCTTCGCTTACTCTCACCTGCTTC-3', reverse primer 5'-
GGCTGCTTCTTCCAACAATGTGTC-3'; B-actin, human beta-actin Endogenous Reference Genes Primers, 10uM (B661102-
0001, Sangon Biotech). Reverse transcription was performed with PrimeScript™ RT reagent Kit with gDNA Eraser
(perfect real time) following the directives of the manufacturer. RT-PCR was performed with the following protocol: An
initial pre-denaturation step at 95 °C for 30 s, 40 cycles of denaturation at 95 °C for 5 s, and then annealing process at 60 °C
for 30 s. Meantime, the B-actin RNA was amplified and acted as an internal control. The cycle threshold values for B-actin
RNA the samples were calculated by computer software.

Detection of protein by Western blot assay

Human GC cell lines and treated SGC-7901 cells were harvested and lysed with ice-cold radio immunoprecipitation assay
solution, and then added to phenylmethanesulfonyl fluoride (99: 1) as well as phosphatase inhibitors (99: 1), Then, the
resulting homogenate was centrifuged for 5 min at 12000 rmp and 4 °C. Subsequently, the total protein in the supernatant
was quantified with a protein quantification kit protein assay Kkit, resolved by 10% SDS-PAGE and then transferred to a
polyvinylidene difluoride membrane. Next, the protein was blocked by 5% BSA blocking buffer or evaporated milk at
ambient temperature for 1-2 h, incubated overnight with polyclonal antibody at 4 °C under gentle agitation, sub-
sequently, it was incubated with HRP-conjugated goat anti-rabbit immunoglobin (H + L) at ambient temperature for 1 h.
After being cleaned with tris buffered saline-0.1% 3 times, the membrane was developed by enhanced chemiluminescence
(Sigma) and then exposed to Xray films scanned and determined with imagej software to quantify protein expression.

Statistical analysis

Each experiment was performed at least three times. Data (mean + SE) were studied by one-way ANOVA or independent
t-test. All of the calculations were performed using SPSS 20.0 software (SPSS Inc., Chicago, IL, United States). The level of
significance was set at °P < 0.05; *P < 0.01; <P < 0.001.

RESULTS

Expression levels of OPN and capacity of proliferation in human GC cell lines

The mRNA and protein expression of OPN in the GC cells and GES-1 cells were analyzed by real-time quantitative-
reverse transcription and western blotting, respectively. Results revealed that GC cell lines (AGS, SGC-7901 and HGC-27)
and normal cell line GES-1 expressed OPN mRNA and protein to varying degree. The mRNA and protein expression
levels of OPN in the GC cell lines (SGC-7901, HGC-27) were markedly higher than those in GES-1 cells (Figure 1A-C).
Moreover, we examined the effects of OPN expression on GC cell proliferation by MTT assay; results revealed the
capacity of proliferation related with the OPN expression levels; SGC-7901 cells with high level expressed OPN possess
strong capacity of proliferation (Figure 1D).

OPN knockdown inhibits proliferation, invasion and metastasis of GC cells
To explore the effects of OPN on GC cells, the proliferation, invasion and metastasis capacities of high level OPN
expression SGC-7901 cells and low level OPN expression SGC-7901 cells were examined. In order to create low level OPN
expression SGC-7901 cells, three OPN-shRNA transfect vector were built. The transfection efficiency can be easily
determined under a fluorescence microscopy (Figure 2A). Results reveal that the expression of OPN of all three sequences
of OPN-shRNA-transfected SGC-7901 cells were significantly lower than that of control (blank control) cells( Figure 2B-
D). And the OPN-shRNA3 exhibited the optimal interference efficiency of OPN, revealing that it acts as a right model for
ascertaining the effects of OPN knockdown (Figure 2B-D). Meanwhile, there were no noticeable differences in the
expression between control and NC-shRNA-transfected SGC-7901 cells ( Figure 2B-D).

The MTT assay and transwell assay revealed that capacities of proliferation, invasion and metastasis of OPN-shRNA3-
transfected group were significantly lower than that of control group.

Meanwhile, there were no differences between in the control group and NC-shRNA-transfected group (Figure 2E-I).
These results demonstrated that OPN play a key role in promoting SGC-7901 cells proliferation, invasion and migration.

WJGO | https://www.wjgnet.com 1547 September 15,2023 | Volume15 | Issue9 |

Jaishideng®



Qin YC et al. OPN promotes GC progression via PI3K/AKT/mTOR signaling pathway

A a B
8 = ﬁ
S ¢
3 OPN | s ——
o *
)
<
=
A I
9 B-actin | W W S— —
®
[0}
= > & N A
o S 2
S 2 - 3 & A Y
— S &
(O
0 1 1
> $ S A
& ¢ Q &
$ ¢
&
C a D
25 =
C
— - GES-1
2.5 -
&+ AGS
2.0 -
a -+ SGC-7901
+ HGC-27
£ 15 -
g ol c
e o
= J =4
[a%
© 10 J == S

0.5 =

0.0 0.0 1 ! 1 I
0 24 48 72 96

>

I

& & Time (h)
S ¢

4(;&

DOI: 10.4251/wjgo.v15.i9.1544 Copyright ©The Author(s) 2023.

Figure 1 Expression levels of osteopontin and capacity of proliferation in human gastric cancer cell lines. A: real-time quantitative-reverse
transcription analysis of osteopontin (OPN) mRNA levels in the gastric cancer (GC) cell lines (AGS, SGC-7901, HGC-27) and normal human gastric mucosal
epithelial cell line (GES-1); B: Western blot assay of OPN protein expression levels in various human GC cell lines; C: Densitometry analysis of the protein bands of
OPN proteins; D: The relative proliferation rate at 0, 24, 48 and 96 h in various GC cells by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide assay.
Data are shown as the means + SE (n = 3). 2P < 0.05; °P < 0.01; °P < 0.001. OPN: Osteopontin.

OPN upregulates MMP-2 and VEGF expression

In order to observe the relevance between OPN and the expression MMP-2 and VEGF, the effect of OPN on regulating
MMP-2 and VEGF expression was studied. Results show that the MMP-2 and VEGF mRNA in OPN-shRNA3 group were
significantly down-regulated by 52.6% and 49.0% compared with control group, respectively (Figure 3), the result
revealed that OPN knockdown could down-regulate the expressions of MMP-2 and VEGF.

OPN regulates the MMP-2 and VEGF expression via PI3K/AKT/mTOR pathway

To further investigate the underlying mechanism of OPN in proliferation, invasion and migration of GC cells. We
analyzed the protein expression levels of mTOR, AKT, p-AKT, MMP-2, VEGF in the SGC-7901 after they were OPN
knockdown or added to PI3K inhibitor (L'Y294002).

The western blotting analysis revealed that protein expression levels of total mTOR and AKT among control, NC-
shRNA and OPN-shRNA3 group remained constant, while that of p-AKT in OPN-shRNA3 group was noticeably lower
than that in control group (Figure 4A and B). Meanwhile, MMP-2 and VEGF expression in OPN-shRNA3 were lower than
the groups of control (Figure 4A and B).

In order to further study the relationship between OPN and PI3K/AKT/mTOR pathway, we administrated SGC-7901
cells with PI3K inhibitor (LY294002). As shown in Figure 4C and D, the protein expression levels of total mTOR and AKT
in control and LY294002 group remained constant, while the protein expression levels of p-AKT, MMP-2 and VEGF in
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observation transfection efficiency of SGC-7901 cells after being transfected with osteopontin-short hairpin RNA (shRNA) (x 100); B: 3distinct, sequence-specific
OPN shRNAs (OPN-shRNA1; OPN-shRNA2; OPN-shRNA3) and negative control shRNA were designed, and the OPN-shRNAS3 has the best interference efficiency
of OPN; C: Western blot assay of OPN protein levels in SGC-7901 cells 48 h after transfection; D: Densitometry analysis of the protein bands of OPN proteins in
SGC-7901 cells 48 h after they were transfected; E: 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazoliumromide assay observation the relative proliferation rate
at 0, 24, 48 and 96 h in SGC-7901 cells following transfection, compared with control group; F: Microscope observation effect of the invasive ability of OPN
knockdown in SGC-7901 cells was assessed by the Transwell matrigel-coated assay (x 100); G: Microscope observation of the migrative ability of OPN knockdown
on SGC-7901 cells was assessed by the Transwell assay (x 100); H and I: Cells invading and migrating through the membrane were counted in 3 random fields for
respective group. Data are shown as the means *+ SE (n = 3). 3P < 0.05; °P < 0.01; °P < 0.001. OPN: Osteopontin; shRNA: Short hairpin RNA; NC-shRNA: Negative
control shRNA.

A 15 - B
b L5 7 b
k] c
a S
= wn
g 107 o 1.0 o
0 g
< o
Z <
£ 24
2 0 £
=} 5 = -
| l E 0.5 l
o 2
a w
=
s iy
>
0.0 > 0.0 3 \al
> % %

& & N & & &

& PN < QS PN <&

O ¢ S © ¢ S

N & S &
S

DOI: 10.4251/wjgo.v15.i9.1544 Copyright ©The Author(s) 2023.

Figure 3 Osteopontin upregulates matrix metalloproteinase 2 and vascular endothelial growth factor expression. A: Matrix metalloproteinase 2
mRNA level was tested by real-time quantitative-reverse transcription polymerase chain reaction (PCR) and normalized to B-Actin expression; B: Vascular endothelial
growth factor mRNA level was detected by quantitative PCR and normalized to B-Actin expression. Data are shown as the means + SE (n = 3). °P < 0.01. MMP-2:
Matrix metalloproteinase 2; VEGF: Vascular endothelial growth factor; NC-shRNA: Negative control shRNA.

LY294002 group significantly decreased as compared with control group. These results suggested that OPN up-regulate
the expressions of MMP-2 and VEGF via PI3K/AKT/mTOR signaling pathway, thus promote the proliferation, invasion
and migration of GC SGC-7901 cells.

DISCUSSION

It is well known that patients with metastatic GC have a poor prognosis[3], so it is of great clinical value to search for
more accurate prognostic markers to better understand the molecular mechanism of the occurrence and development of
GC and develop new therapeutic strategies. In this study, the effects of OPN on proliferation, invasion and migration of
GC SGC-7901 cells were investigated through a number of in vitro experiments, and the mechanism of the regulation of
PIBK/AKT/mTOR signaling pathway by OPN in GC cells was also explored, providing a new theoretical basis for
clarifying the metastasis and invasion mechanism of GC and further developing the targeted treatment of GC with
protein kinase inhibitors.

In recent years, numerous studies demonstrated that OPN overexpressed and promoted the cancer progression in
various cancers via various signaling pathways[4-18]. With the ongoing study of OPN, OPN is also being explored as a
potential therapeutic target. For example, reducing OPN expression could provide novel strategies for the treatment of
patients with various types of metastatic cancer[19-22]. Wang et al[36] reported that silencing the expression of OPN in
GC cell line SGC7901 inhibited the growth and metastasis of GC. Park et al[37] also reported that the migration ability of
GC cells with OPN knockdown was reduced.

We found in our study that the mRNA and protein expression levels of OPN were highly expressed in GC SGC-7901
cells (Figure 1), and OPN knockdown inhibits cell proliferation, invasion and migration in SGC-7901 cells (Figure 2). Our
results indicated that OPN as an inducer of cell proliferation, invasion and migration.

Another important finding of our study was that overactivation of the PI3K/AKT signaling pathway was associated
with OPN-induced progression of GC cells. Several studies have demonstrated that OPN promotes tumor invasion and
metastasis by inducing activation of signaling pathways that regulate cell migration and tumor progression, such as
mitogen-activated protein kinase and PI3K/AKT[38].
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Figure 4 Osteopontin regulates the matrix metalloproteinase 2 and vascular endothelial growth factor expression via phos-
phatidylinositol-3-kinase/protein kinase B/mammalian target of rapamycin pathway. A: Western blotting analysis of mammalian target of rapamycin
(mTOR), protein kinase B (AKT), phosphorylated AKT (p-AKT) (Ser473), matrix metalloproteinase 2 (MMP-2) and vascular endothelial growth factor (VEGF) protein
expression levels in SGC-7901 cells after transfected into negative control short hairpin RNA (shRNA) (negative control-shRNA) or osteopontin-shRNA3. B-actin
expression was used as a loading control and for normalization; B: Densitometry analysis of the protein bands of mTOR, AKT, MMP-2, p-AKT, p-AKT and AKT,
VEGF; C: Western blotting assay of SGC-7901 cells administrated LY294002 inhibitor on mTOR, AKT, p-AKT (Ser473), MMP-2 and VEGF protein expression levels;
D: Relative protein expression of mTOR, AKT, MMP-2, p-AKT, p-AKT/AKT and VEGF. Data are shown as the means + SE (n = 3). 2P < 0.05; °P < 0.01. AKT: Protein
kinase B; mTOR: Mammalian target of rapamycin; MMP-2: Matrix metalloproteinase 2; VEGF: Vascular endothelial growth factor; NC-shRNA: Negative control short
hairpin RNA; OPN: Osteopontin.

PI3K/AKT signaling pathway is one of the most widely studied signaling pathways. Some studies have shown that the
PI3K/AKT/mTOR signaling pathway is involved in the proliferation, invasion and metastasis of GC cells[34,35]. In an in
vitro study of breast cancer, OPN expression was found to increase with the aggressiveness of the breast cancer
phenotype. Knockdown of OPN may reduce breast cancer metastasis by regulating av and B3 integrin expression and
inhibiting PI3K/AKT/mTOR signaling pathway[39].

PKB/AKT, a serine/threonine (Ser/Thr) protein kinase, is the main effector downstream of PI3K and its activity is
regulated by phosphorylation. P-AKT, the active form of AKT, affects a variety of cellular functions. Abnormal activation
of AKT has been detected in a variety of malignant tumor cells[40].

In our study, western blot results showed that phosphorylation of AKT in SGC-7901 cells decreased after OPN
silencing (Figure 4). This further supports the idea. Similarly, GC cell lines with stable overexpression of OPN were
incubated with the PI3K inhibitor LY294002, and phosphorylation of AKT was significantly reduced (Figure 4). In
conclusion, OPN may promote GC invasion and migration by activating PI3K/AKT/mTOR signaling pathway. To our
knowledge, this study is the first to demonstrate a relevance between OPN and the PI3K/AKT signaling pathway in
human GC cell lines.
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ECM degradation is a key step in tumor invasion and migration and ECM degradation mainly depends on MMPs
(such as MMP-2 and MMP-9), which bind to adhesion molecules and digest ECM-related components during cell
migration, thus facilitating the movement of cancer cells[41]. MMP-2 is a proteolytic enzyme that mainly degrades type
IV collagen, leading to destruction of basement membrane, infiltration of tumor cells into connective tissue matrix, infilt-
ration of small blood vessels and lymphatic vessels, and thus metastasis[42]. MMPs are highly regulated by growth
factors, cytokines and ECM proteins. OPN, as an ECM protein, can induce the production and activation of MMP-2 in
cells, and the increased expression of MMP-2 further enhances the ability of tumor cells to digest ECM-related
components, and ultimately leads to the promotion of tumor cell invasion and metastasis[43,25].

Tumor growth and metastasis depend on angiogenesis, and VEGF can induce angiogenesis[44,45]. It has been reported
that increased VEGF expression can promote angiogenesis, thereby enhancing the ability of tumor cells to enter
circulation and ultimately promote tumor metastasis to other organs[45]. Tang et al[29] found that OPN and VEGF were
co-expressed in GC tissues, and their expression levels were significantly correlated with tumor node metastasis staging,
lymph node metastasis and distant metastasis (P < 0.05). Xu et al[46] also studied the effect of OPN on VEGF expression
in articular cartilage and found that OPN may directly up-regulate VEGF expression through PI3K/AKT and mitogen-
activated protein kinase 1 pathways.

In this study, we found that mRNA and protein expression levels of MMP-2 and VEGF were inhibited in SGC-7901
cells treated with OPN knockdown and LY294002 inhibitor (Figures 3 and 4). Consequently, we speculate that OPN
promoting the invasion and migration of GC SGC-7901 cells, which might be related to the increasing expression of
MMP-2 and VEGE. The results of our study are similar to those of previous studies[47].

In our study, we detected a strange phenomenon that OPN was also expressed in normal gastric epithelial GES-1 cells
(Figure TA-C). This phenomenon may be related to the existence of OPN splicing variants (a, b, ). Studies have found
that normal gastric GES-1 cells mainly express OPN-a subtype, and GC cell lines mainly express OPN-c subtype[48].
Another study also showed that OPN-c subtypes were overexpressed in GC and correlated with the prognosis of GC,
while the other two subtypes were not associated with the progression of GC[31]. These studies may explain why OPN is
expressed in GES-1 cells.

In this study, we preliminarily analyzed the effects of OPN on the proliferation, invasion and migration of GC cells,
which is similar to previous literature. Our study further found that OPN knockdown and LY294002 inhibitor inhibited
the activation of PI3K/AKT/mTOR pathway and down-regulated the mRNA and protein expression of MMP-2 and
VEGEF in GC-7901 cells, ultimately inhibiting the proliferation, invasion and migration of GC cells.

CONCLUSION

In conclusion, OPN may promote the progression of GC by activating PI3K/AKT/mTOR signaling pathway and up-
regulating the expression of MMP-2 and VEGF. Our findings suggest that OPN is a new prognostic marker and potential
therapeutic target for GC.

There are some limitations to our study. Due to the limitation of time and funds, the experimental design was
somewhat simple, and only in vitro experiments were designed. In the future, with the support of further research
funding, we hope to conduct some in vivo studies to verify this, such as animal trials. Although more remains to be
learned about the mechanism, it is clear that OPN is a promising biomarker. OPN targeting therapy may be an effective
way to overcome treatment failure and significantly enhance anti-tumor activity. Currently, several OPN inhibitors are
under preclinical study for the treatment of solid tumors such as bowel cancer and lung cancer[49,50]. Although initial
results from different OPN inhibitors are encouraging, clinical benefits remain to be demonstrated.

ARTICLE HIGHLIGHTS

Research background
Gastric cancer (GC) is one of the most common malignant tumors. Osteopontin (OPN) is thought to be closely related to
the occurrence, metastasis and prognosis of many types of tumors.

Research motivation
To search for a potential prognostic biomarker for GC as well as a potential therapeutic target.

Research objectives
The purpose of this study was to investigate the effects of OPN on the proliferation, invasion and migration of GC cells
and its possible mechanism.

Research methods

The mRNA and protein expression of OPN in the GC cells were analyzed by real-time quantitative-reverse transcription
and western blotting, and observe the effect of varying degree expression OPN on the proliferation and other behaviors
of GC. Next, the effects of OPN knockdown on GC cells migration and invasion were examined. The short hairpin RNA
(shRNA) and negative control shRNA targeting OPN-shRNA were transfected into the cells according to the manu-
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facturer’s instructions. Non transfected cells were classified as control in the identical transfecting process. 24 h after RNA
transfection cell proliferation activity was detected by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazoliumromide
assay, and cell invasiveness and migration were detected by Trans well assay. Meanwhile, the expression of protein
kinase B (AKT), matrix metalloproteinase 2 (MMP-2) and vascular endothelial growth factor (VEGF) in the human GC
cell lines was detected by reverse transcription polymerase chain reaction and western blotting.

Research results

The results of this study revealed that OPN mRNA and protein expression levels were highly expressed in SGC-7901
cells. OPN knockdown by specific ShRNA noticeably reduced the capabilities of proliferation, invasion and migration of
SGC-7901 cells. Moreover, in the experiments of investigating the underlying mechanism, results showed that OPN
knockdown could down- regulated the expression of MMP-2 and VEGEF, it also decreased the phosphorylation of AKT.
Meanwhile, the protein expression levels of MMP-2, VEGF and phosphorylated AKT was noticeable lower than that in
control group in the GC cells after they were added to phosphatidylinositol-3-kinase (PI3K) inhibitor (L'Y294002).

Research conclusions

These results suggested that OPN though PI3K/AKT/mammalian target of rapamycin signal pathway to up-regulate
MMP-2 and VEGF expression, which contribute SGC-7901 cells to proliferation, invasion and migration. Thus, our results
demonstrate that OPN may serve as a novel prognostic biomarkers as well as a potential therapeutic targets for GC.

Research perspectives
The effects of OPN on proliferation, invasion and migration of GC cells were confirmed by preliminary evidence, which
may be used as a prognostic biomarker and potential therapeutic target in the future.
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