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MicroRNA-495 regulates human gastric cancer cell apoptosis
and migration through Akt and mTOR signaling
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Abstract. In the present study, we investigated the expression
and cellular distribution of microRNA-495 (miR-495) in
human gastric cancer. Prominent downregulation of miR-495
activation was evident in patients with gastric cancer. Cell
viability and Annexin V/Pl apoptosis assays were used to assess
cell proliferation and apoptosis. Then, western blot analysis
was used to assess cyclin D1, PI3K, p-Akt and p-mTOR protein
expression. Overexpression of miR-495 significantly inhibited
cell proliferation, and promoted cell apoptosis of gastric cancer
cells. Overexpression of miR-495 also promoted caspase-3/-9
and Bax protein expression, and suppressed cyclin D1 protein
expression and the PI3K/Akt/mTOR pathway in gastric cancer
cells. Downregulation of miR-495 increased cell proliferation
and inhibited cell apoptosis of gastric cancer cells through
activation of the PI3K/Akt/mTOR pathway. The PI3K
inhibitor, was used to suppress the PI3K/Akt/mTOR pathway,
inhibit cell proliferation, promote cell apoptosis, promote
caspase-3/-9 and Bax protein expression, and suppress
cyclin D1 protein expression of gastric cancer cells through
miR-495 inhibition. In conclusion, miR-495 is an important
regulator of human gastric cancer cells and may contribute to
cell apoptosis through the PI3K/Akt/mTOR/Bax-caspase-3/-9
and cyclin D1 pathway.

Introduction
Gastric cancer is one of the most common malignancies

in China. Its morbidity is ranked second place among
malignancies, respectively; while its mortality is ranked third
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place, as is indicated in the annual analysis of morbidity and
mortality of malignancies (1). Both morbidity and mortality
of gastric cancer in urban areas is ranked third place among
malignancies, while these are ranked first and second place
in rural areas, respectively, making gastric cancer the major
cause of cancer related-deaths in rural areas in China (1).

Therefore, exploring a simple detection method with high
patient compliance, excellent sensitivity and specificity for the
early diagnosis is the key to enhancing the early diagnosis rate
of gastric cancer and improving prognosis for patients with
gastric cancer (2). It has been discovered through research in
recent years that microRNA (miRNA) plays an important role
in the genesis, development, invasion and metastasis of gastric
cancer (3). Tumor-associated miRNAs are continuously
being discovered as molecular biology continues to develop.
Research on the expression of miRNA in gastric cancer, as
well as its biological function and mechanism of action may
provide a new direction for the diagnosis and treatment of
gastric cancer (4).

miRNA is aberrantly expressed in human cancer, promotes
cell transformation both in vivo and in vitro. In transgenic
mice, its overexpression triggered prostate intraepithelial
neoplasia (5). It was found through analyzing miRNA expres-
sion profiles of tumors with various tissue origins that miRNAs
are highly expressed in multiple tumors, including head and
neck squamous cell carcinoma, colon, gastric, esophageal,
liver cancer and multiple myeloma (6). Furthermore, it was also
ascertained in a specific confirmatory experiment regarding
the expression of miRNAs in miRNAs gene are associated
with increased expression to varying degrees in multiple
tumor tissues, suggesting that miRNAs may be related to the
genesis and development of tumors (7).

The phosphatidylinositol 3-kinase (PI3K) protein family
is involved in regulating multiple cell functions, such as cell
proliferation, differentiation, apoptosis and glucose transport.
Increased PI3K activity has been revealed to be frequently
associated with multiple cancers (8). AKT, a type of oncogene
with a relative molecular weight of approximately 60 kDa,
also referred to as protein kinase B (PKB), plays a core role
in the PI3K/AKT signal transduction pathway and regulates
cell proliferation, differentiation, aging, migration and
apoptosis (9). mTOR is also an important kinase, and activated
AKT can activate its downstream mTOR through direct and
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indirect pathways (10). mMTOR mainly regulates cell autophagy
through two mechanisms. At present, the extensively
studied mTOR substrates are 4EBP1 and S6K, which are
important regulatory factors during protein translation (11).
We investigated the expression and cellular distribution of
microRNA-495 (miR-495) in human gastric cancer.

Materials and methods

Cell lines and clinical samples. Human gastric cancer cell
line MGCB80-3 was purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China) and subcul-
tured at 37°C in RPMI-1640 medium (Hyclone Laboratories;
GE Healthcare Life Sciences, Logan, UT, USA) with 10% fetal
bovine serum (FBS) and 5% CO,. Samples from a previous
study of patients with gastric cancer were included in the
present study. Ethics approval of this previous study was
obtained from the Ethics Committee of Huashan Hospital,
Fudan University (12). Tissue samples of gastric cancer or
para-carcinoma tissue were gathered and stored at -80°C.

Real-time PCR. Total RNA was extracted from gastric
cancer or para-carcinoma tissue and 100 ng of total RNA was
reverse-transcribed into cDNA using PrimeScript”™ First Strand
cDNA Synthesis kit (6110A; Takara Biomedical Technology,
Co., Ltd. Beijing, China). miR-495 expression was quantified
using SYBR-Green Master Mix (Applied Biosystems; Thermo
Fisher Scientific, Inc., Foster City, CA, USA) and a 7500 Fast
Real-Time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.) and were calculated using the 224t method.

Transduction and an inhibitor. Lentiviral vectors expressing
anti-miR-495 and the negative control were purchased from
Sangon Biotech Co., Ltd. (Shanghai, China). MGC80-3 cells
(1x10* cells/well) were plated in a 6-well plate and transduced
with anti-miR-495 and the negative control for 2 days. The
PI3K inhibitor (LY294002, 10 nM) was also added into the
cells and treated for 2 days.

Cell viability assay. Following transfection, MGC80-3 cells
(2,000 cells/well) were plated in a 96-well plate and cultured for
1 to 3 days. For the MTT assay, MTT solution (20 pl; 5 mg/ml)
was added into each well and incubated at 37°C in a humidi-
fied atmosphere with 5% CO, for 4 h and then 150 1 DMSO
was added into the cells for dissolution at 37°C for 20 min. The
absorbance values were assessed with the Epoch Microplate
Spectrophotometer (BioTek Instruments, Inc., Winooski, VT,
USA) at 492 nm.

Annexin V/propidium iodide (PI) apoptosis assay. Following
transfection, MGC80-3 cells (5x10* cells/well) were plated in a
96-well plate and cultured for 3 days. For Annexin V/Plapoptosis,
the cells were washed and stained with both Annexin V and PI
according to the manufacturer's instructions (BD Biosciences,
Erembodegem, Belgium). Apoptosis was performed using a
FACScan flow cytometer (BD FACSCalibur) and analyzed
using FlowJo 7.6.1 (FlowJo LLC, Ashland, OR, USA).

Western blot analysis. The treated cells were lysed on ice
using RIPA lysis buffer (Beyotime Institute of Biotechnology,
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Haimen, China) for 30 min, and then the total protein
concentration was quantified utilizing a BCA protein assay
kit (Beyotime Institute of Biotechnology, Haimen, China).
Total protein (30 ug) was separated on 8-12% SDS-PAGE
gels and electrotransferred to polyvinylidene fluoride (PVDF)
membranes. Then, the membranes were blocked with 5% skim
milk powder for 1 h and incubated with the primary anti-
bodies: ant-LC3 (dilution 1:1,000; cat. no. ab48394; Abcam),
caspase-3/-9 (dilution 1:1,000; cat. nos. sc-1224 and sc-8355;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), Bax
(dilution 1:1,000; cat. no. sc-6236; Santa Cruz Biotechnology,
Inc.), cyclin D1 (dilution 1:1,000; cat. no. sc-70899; Santa Cruz
Biotechnology, Inc.), PI3K (dilution 1:1,000; cat. no sc-1332;
Santa Cruz Biotechnology, Inc.), p-Akt (dilution 1:1,000;
cat. no. sc-7985-R; Santa Cruz Biotechnology, Inc.), p-mTOR
(dilution 1:1,000; cat. no. sc-101738; Santa Cruz Biotechnology,
Inc.) and GAPDH (dilution 1:5,000; cat. no. sc-293335;
Santa Cruz Biotechnology, Inc.) overnight at 4°C, and
subsequently incubated with anti-rabbit IgG horseradish
peroxidase-conjugated secondary antibody (cat. nos. sc-2004
or sc-2005; Santa Cruz Biotechnology, Inc.), for 1 h at 37°C.
Proteins blank was carried out using Image_Lab_3.0 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. The results were expressed as the
mean + SD. Significant differences between two groups were
determined using one-way analysis of variance (ANOVA)
followed by Tukey's post hoc test. A P-value of <0.05 was
considered to indicate a statistically significant difference.

Results

miR-495 inactivation in patients with gastric cancer and
para-carcinoma tissue, is correlated with the survival rate of
gastric cancer. We identified miR-495 activation in patients
with gastric cancer or para-carcinoma tissue. Gene chip
and qPCR revealed that the expression level of miR-495 in
patients with gastric cancer was significantly lower than that
in para-carcinoma tissue (Fig. 1A and B). Next, we determined
that the overall survival (OS) and disease-free survival (DFS)
of the miR-495 high-expression group of patients with gastric
cancer were higher than those of the miR-495 low-expression
group of patients with gastric cancer (Fig. 1C and D).

Overexpression of miR-495 inhibits cell proliferation and
promotes cell apoptosis of gastric cancer cells. Next, we assessed
the effect of the overexpression of miR-495 (Fig. 2A) on cell
proliferation and cell apoptosis of gastric cancer cells. We specu-
lated that miR-495 may play a crucial role in MGC80-3 cells.
Overexpression of miR-495 significantly inhibited cell prolifera-
tion and migration, and promoted cell apoptosis of MGCS80-3
cells, compared with the negative control group (Fig. 2B-F),
revealing that miR-495 was correlated with the development
and progression of gastric cancer. Therefore, we next aimed
to explore whether miR-495 regulated caspase-3/-9, Bax and
cyclin D1 protein expression of gastric cancer cells. Western blot-
ting results confirmed that caspase-3/-9 activity and Bax protein
expression was upregulated, while cyclin D1 protein expression
was suppressed in MGC80-3 cells by overexpression of miR-495,
compared with the negative control group (Fig. 2G-K).
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Figure 2. Overexpression of miR-495 inhibits cell proliferation and promotes cell apoptosis of gastric cancer cells. qPCR revealed (A) the expression of

miR-495. (B) Cell proliferation, (C and D) migration and (E and F) cell apopt

osis. (G and H) Caspase-3/-9 activity. (I-K) Bax and cyclin D1 protein expression.

#P<0.01 vs. the control group. Control, control negative group; miR-495, overexpression of the microRNA-495 group.
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Figure 3. Downregulation of miR-495 inhibits caspase-3/-9 and Bax protein expression, and suppresses cyclin D1 protein expression of gastric cancer cells.
(A) Downregulation of miR-495. (B) Cell proliferation, (C and D) migration and (E and F) cell apoptosis. (G and H) Caspase-3/-9 activity. (I) Bax and
cyclin D1 protein expression using western blot analysis and (J and K) using statistical analysis. “/P<0.01 vs. the control group. Control, control negative group;

anti-miR-495, downregulation of the microRNA-495 group.

Downregulation of miR-495 increases cell proliferation and
inhibits cell apoptosis of gastric cancer cells. Moreover, we
then assessed the influence of anti-miR-495 on the prolif-
eration and apoptosis of gastric cancer cells. As revealed in
Fig. 3B-F, downregulation of miR-495 (Fig. 3A) significantly
promoted cell proliferation and migration, and inhibited
the apoptosis rate of MGC80-3 cells, compared with the
negative control group. Next, we examined the impact of
anti-miR-495 on caspase-3/-9, Bax and cyclin DI protein
expression of gastric cancer cells, using western blotting. The
results revealed that downregulation of miR-495 significantly
suppressed caspase-3/-9 activity and Bax protein expression
while it induced cyclin D1 protein expression in MGC80-3
cells, compared with the negative control group (Fig. 3G-K).

miR-495 regulates the PI3K/Akt/mTOR pathway of gastric
cancer cells.In addition, we applied western blotting to evaluate

the PI3K/Akt/mTOR pathway in MGC80-3 cells in which
miR-495 was downregulated. miR-495 had potential binding
sites on the 3'-UTR of Akt and mMTOR mRNAs (Fig. 4A). p-Akt
and p-mTOR protein expression was significantly suppressed
by overexpression of mR-495 in MGC80-3 cells, compared
with the negative control group (Fig. 4B-D). As revealed in
Fig. 4E-G, downregulation of miR-495 induced p-Akt and
p-mTOR protein expression in MGC80-3 cells, compared with
the negative control group. The results indicated that miR-495
may affect gastric cancer cell proliferation, apoptosis and the
cell cycle through the PI3K/Akt/mTOR pathway.

PI3K inhibitor suppresses the PI3K/Akt/mTOR pathway of
gastric cancer cells following miR-495 downregulation.
According to the aforementioned results, we used a PI3K inhib-
itor to suppress the PI3K/Akt/mTOR pathway of gastric cancer
cells following miR-495 downregulation. LY294002 (the
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Figure 4. miR-495 regulates the Akt/mTOR pathway of gastric cancer cells. (A) miR-495 had potential binding sites on the 3'-UTR of Akt and mTOR mRNAs.
(B) p-Akt and p-mTOR protein expression using western blot analysis. (C and D) p-Akt and p-mTOR protein expression using statistical analysis. p-Akt and
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Figure 5. PI3K inhibitor suppresses the PI3K/Akt/mTOR pathway of gastric cancer cells following downregulation of miR-495. (A) PI3K, p-Akt and p-mTOR
protein expression using western blot analysis and (B-D) PI3K, p-Akt and p-mTOR protein expression using statistical analysis. (E) Bax and cyclin DI protein
expression using western blot analysis and (F and G) Bax and cyclin D1 protein expression using statistical analysis. ”P<0.01 vs. the control group, “P<0.01
vs. the downregulated miR-495 group. Control, control negative group; anti-miR-495, downregulation of the microRNA-495 group; Akt I, downregulation of
the microRNA-495 and the Akt inhibitor group.

PI3K inhibitor) could suppress the PI3K/Akt/mTOR pathway = compared with the miRNA-495 downregulation group
in MGC80-3 cells following miR-495 downregulation, alone (Fig. SA-D). In addition, the PI3K inhibitor increased
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Figure 7. mTOR inhibitor suppresses the mTOR pathway of gastric cancer cells following miR-495 downregulation. (A) p-mTOR, Bax and cyclin D1 protein
expression using western blot analysis and (B, C and D) p-mTOR, Bax and cyclin D1 protein expression using statistical analysis. “/P<0.01 vs. the control
group, “P<0.01 vs. the downregulated miR-495 group. Control, control negative group; anti-miR-495, downregulation of the microRNA-495 group; mTOR I,
downregulation of the microRNA-495 and the mTOR inhibitor group

Bax protein expression, and suppressed cyclin D1 protein  regulation, compared with the miR-495 downregulation group
expression in MGC80-3 cells following microRNA-495 down-  alone (Fig. SE-G).
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PI3K inhibitor inhibits cell proliferation of gastric cancer
cells following miR-495 downregulation. The effects of PI3K
on cell proliferation and apoptosis in gastric cancer cells in
which miR-495 was downregulated, were assessed. The results
revealed, a marked decrease of cell proliferation and migra-
tion, and an increase in cell apoptosis and caspase-3/-9 activity
in MGCB80-3 cells treated with the PI3K inhibitor following
miR-495 downregulation (Fig. 6).

mTOR inhibitor suppresses the mTOR pathway of gastric
cancer cells following miR-495 downregulation. Based on the
previous mTOR pathway results, we assessed the effect of the
inhibition of mTOR on the cell death of gastric cancer cells
following miR-495 downregulation. Undoubtely, we found
that the mTOR inhibitor suppressed p-mTOR and cyclin D1
protein expression, while it induced Bax protein expression of
MGCS80-3 cells following miR-495 downregulation, compared
with the miR-495 downregulation group alone (Fig. 7).

mTOR inhibitor inhibits the cell proliferation of gastric
cancer cells following miR-495 downregulation. To analyze
if the mTOR axis is the function of miR-495 in gastric cancer
cell apoptosis, we examined caspase-3/-9 protein expression.
Our findings confirmed that the mTOR inhibitor attenuated
the effect of miR-495 downregulation in the induction of cell
proliferation and migration, and inhibition of apoptosis and
caspase-3/-9 activity in MGC80-3 cells (Fig. 8).

MicroRNA-495

|————— MicroRNA-495

Cell cycle

Bax

Apoptosis

Figure 9. miR-495 regulates human gastric cancer cell apoptosis and migra-
tion through Akt and mTOR signaling. miR-495, microRNA-495.

Discussion

Gastric cancer is one of the most common malignancies in
China, and its mortality is only second to lung cancer and
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liver cancer (1). A vast majority of clinically diagnosed cases
are in the intermediate and advanced stage due to the lack of
early specific symptoms and tumor markers for early detec-
tion and diagnosis, which has led to the high mortality of
gastric cancer (13). Therefore, searching for tumor markers
for the early screening or diagnosis of gastric cancer, together
with developing agents with high efficiency and low toxicity
is of great importance (14). The discovery of miRNAs is a
milestone in the field of molecular biology (3). For the first
time, we revealed that the expression level of miR-495 in
patients with gastric cancer was decreased. In addition, a high
expression of miR-495 increased the survival rate of gastric
cancer patients. Furthermore, our data revealed that miR-495
regulated gastric cancer therapeutics. Eun et al revealed
that miRNA-495-3p suppressed gastric carcinogenesis cell
growth (15).

Multiple antitumor drugs exert their function through
the induction of cell apoptosis and autophagy, and cell apop-
tosis can be achieved through death receptor-mediated cell
apoptosis (16). The Bcl-2 protein family is comprised of an
anti-apoptotic protein family and a pro-apoptotic protein
family, which play an extremely important role in regulating
cell apoptosis (17). The Bcl-2 protein in the Bcl-2 protein
family is likely to form the Bcl-2/Bax heterodimer with
pro-apoptotic protein Bax, and inhibit the pro-apoptotic effect
of Bax (18). Bax can form a homodimer by itself and prompt
cyto ¢ to be released in the cytoplasm, while these released
pro-apoptotic factors will further induce cleavage activation of
the downstream caspases, thus resulting in cell apoptosis (19).
We determined that overexpression of miR-495 significantly
promoted Bax protein expression, and suppressed cyclin D1
protein expression in gastric cancer cells.

Caspase-9 is one of the key proteins in the mitochondrial
apoptosis pathway (20). Activated Akt can inhibit the release
of mitochondrial cytochrome ¢ by changing the activities of
Bcl-2 protein family members, and inhibits the activation of
caspase-9. Furthermore, it can inactivate caspase-9 (Ser196)
directly through phosphorylation, and suppress its pro-apop-
totic effects (21). In the present study, we demonstrated that
overexpression of miR-495 significantly promoted caspase-3/-9
protein expression of gastric cancer cells.

It has been indicated in recent research that PI3K is a type
of intracellular phosphatidylinositol kinase that possesses the
activity of serine/threonine protein kinases, and the PI3k/Akt
pathway is an important anti-apoptotic pathway (8). The
PI3K-mediated signal transduction pathway can regulate
cell division, differentiation and apoptosis through different
approaches (22). Protein kinase Akt is an important signaling
molecule in the PI3K signal transduction pathway. PI3K can
activate p-Akt which possesses phosphokinase activity (23).
p-Akt can increase the transcriptional activity of NF-«B,
upregulating the expression level of anti-apoptotic protein
Bcl-2, and promoting proliferation and invasion of tumor
cells (24). Bcl-2, which is located on the mitochondrial
membrane, is the anti-apoptotic protein in the downstream of
the PI3K/Akt pathway (25). p-Akt can promote the binding
of Bad with 14-3-3 through the promotion of the phosphory-
lation of Bad (Serl136), and inhibition of the pro-apoptotic
effects of Bad (24). In addition, as the downstream of the
PI3K/Akt pathway, mTOR activity is the key to the formation
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and maturation of autophagosomes (22). It is widely believed
at present that mTOR is the convergence of upstream signal
transduction pathways that regulate cell growth, proliferation,
movement, survival and autophagy (26). The findings in our
study suggest that overexpression of miR-495 suppresses the
PI3K/Akt/mTOR pathway in gastric cancer cells. Li et al
revealed that miR-495 regulated migration and invasion
through Akt and mTOR signaling in prostate cancer cells (12).
Results of those studies revealed that the inactivation of the
PI3K/Akt/mTOR pathway plays a critical role in the function
of miR-495-induced apoptosis of gastric cancer cells.

Inhibition of Akt can promote cell autophagy through
inhibition of mTOR activity. Conversely, Akt inhibition can
promote Bax expression through activation of p53, and enhance
the activation of the mitochondrial apoptosis pathway by
altering the activities of Bcl-2 pro-apoptotic protein as well as
Bcl-2 anti-apoptotic protein, thus leading to cell apoptosis (24).
In the present study, we demonstrated that the PI3K inhibitor,
used to suppress the PI3K/Akt/mTOR pathway, inhibited cell
proliferation, promoted cell apoptosis, promoted caspase-3/-9
and Bax protein expression, and suppressed cyclin D1 protein
expression in gastric cancer cells through miR-495 inhibition.

In conclusion, our results indicated that miR-495 regulated
human gastric cancer cell apoptosis and migration through
the PI3K/Akt/mTOR pathway (Fig. 9). This finding clearly
challenges the role of cell apoptosis and migration relative to
the function of miR-495 for the future development of gastric
cancer therapeutics.
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