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Upregulation of microRNA-370 promotes cell apoptosis and
inhibits proliferation by targeting PTEN in human gastric cancer
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Abstract. Growing evidence suggests that microRNA plays
an essential role in the development and metastasis of many
tumors, including gastric cancer. Aberrant miR-370 expression
has been indicated in tumor growth, but the mechanism of
miR-370 inhibits both the proliferation and metastatic ability
for gastric cancer remains unclear. Accumulating evidence
reported that PTEN signaling pathway plays an important
role in the cellular processes, such as apoptosis, cell growth
and proliferation. The goal of this study was to identify
whether miR-370 could inhibit the growth, migration, inva-
sion, proliferation and metastasis of gastric cancer through
targeting PTEN. Real-time PCR (RT-PCR) was used to quan-
tify miR-370 expression in vitro experiments. The biological
functions of miR-370 were determined via cell proliferation.
Our study indicated that miR-370 targeted PTEN leading to
activation of apoptosis signaling and the cell proliferation of
cervical cancer cells, ameliorating gastric cancer growth and
progression. In addition, the combination of miR-370 and
PTEN inactivated AKT, MDM2 and mTOR while stimulated
caspase-3, p53 and GSK3p expression, promoting apoptosis
and suppressing proliferation of gastric cancer cells. Therefore,
our study revealed the mechanistic links between miR-370 and
PTEN in the pathogenesis of gastric cancer through modula-
tion of cell apoptosis and proliferation. Additionally, targeting
miR-370 could serve as a novel strategy for future gastric
cancer therapy clinically.
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Introduction

Stomach cancer, also known as gastric cancer, develops from
the lining of the stomach (1). The cancer may spread from the
stomach to other parts of the body, especially the lungs, liver,
bones, lining of the abdomen and lymph nodes (2). World-wide,
stomach cancer is the fifth leading cause of cancer as well as
the third leading cause of death from cancer making up 7%
of cases and 9% of deaths. Gastric cancer is a disease due to
multiple factors (3,4). Additionally, the pathogenesis of gastric
cancer represents a classic example of gene-environment inter-
actions (5). Cancer of the stomach is difficult to cure unless it is
found at an early stage before it has begun to spread. Because
early stomach cancer causes few symptoms, the disease is
usually advanced when the diagnosis is made (6). Thus, finding
effective target and strategy for therapies is necessary.
MicroRNAs (miRNAs) are endogenous, small 18-25
nucleotides, and non-coding RNAs that negatively regulate
gene expression at the post-transcriptional level through
binding to the 3'-untranslated region (UTR) belonging to a
specific messenger RNAs (mRNAs) (7-9). With sequences
partially complementary to their target mRNAs, miRNAs
play critical roles in moderating (mostly suppressing) gene
expression in a variety of organisms (10,11). Moreover, studies
have confirmed that miRNAs participate in various biological
processes, including cell growth, development, proliferation
and metabolism, via inhibition of mRNA translation (12,13).
Recently, studies revealed that ~20-30% of human genes are
regulated by miRNAs, affecting gene expression (14). miR-370
has been suggested to play an inhibition role in many cancers
or tumors, including colon cancer and HCC, breast cancer as
well as gastric cancer (15). Because modulation of miR-370 is
common to a number of cancers, it has been hypothesized that
miR-370 may play an essential role in tumor growth, develop-
ment and tumorigenesis. However, the exact role of miR-370 on
tumor progression remains unclear, especially in gastric cancer.
Previous studies indicated that miR-370 suppress solid
tumor progression originated from cancer cell lines (16,17). It
is of interest that miR-370 might be a potential target for the
inhibition of gastric cancer. However, there is not sufficient
research on the role, effect, and significance of miR-370 at the
clinical level in cervical cancer growth. Thus further study is
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required to confirm the effects of miR-370 in the inhibition of
gastric cancer.

Materials and methods

Tissue specimens and cell cultures. Huoman gastric cancer and
the adjacent normal non-tumor tissues were acquired from
patients undergoing surgical resection in the Department of
Gastric Cancer and Soft Tissue Sarcomas, Quanzhou Affiliated
First Hospital of Fujian Medical University, Fujian, China, from
January 2009 to December 2012 for quantitative RT-PCR anal-
ysis. All tissue samples were immediately frozen in the liquid
nitrogen and then stored at -80°C for the following studies.

Paraffin-embedded tumor tissues collected from consecu-
tive patients with gastric cancer between January 2009 and
December 2012 were performed for tissue assays. Clinical
data collection and postoperative follow-up procedures were
done based on a uniform guideline of the Fujian Cancer Center
of Fujian Medical University. All samples were collected and
analyzed with the prior written and informed consents, which
were obtained from all patients, and the study was approved by
the Clinical Research Ethics Committee.

Cell culture. Human gastric cancer cell lines, including
NCI-N87,MKN74,NUGC-3,MGC-803 and BGC-823,and the
normal gastric RGM-1 cells were purchased from American
Type Culture Collection, the Cell Resource Center, Shanghai
Institute of Biochemistry and Cell Bank at the Chinese
Academy of Sciences. Cell lines were routinely authenticated
by DNA-fingerprinting and isoenzyme analyses and checked
for contamination by mycoplasma using Hoechst staining.
All cell lines were maintained in Roswell Park Memorial
Institute (RPMI)-1640, Dulbecco's modified Eagle's medium
or minimum essential medium, containing 10% fetal bovine
serum (FBS) and were incubated at 37°C with 5% CO,.

Oligonucleotides. RNA oligos were synthesized chemically
and purified by Genepharma Co. Ltd., (Shanghai, China).
The sense sequence of human miR-370 mimics was 5'-GUG
CCU GGG AGG CAC CAU AG-3' and antisense sequence
was 5'-UGC UAG GUA GCC GUC CCU CCC A-3'. Negative
control oligonucleotides was 5'-AAC AAG UCC UUG UGU
ACT T-3' and 5-GCA UGA AUT GUA AUU CGG T-3. The
final concentration of miRNA-370 was 50 nM.

Plasmids and transfection. The production of a miR-370
expression vector was carried out, a 235-bp genomic frag-
ment which covers the region coding for pri-miR-370 and its
upstream and downstream regions was PCR amplified and
then cloned onto the pLvthm vector (Addgene, USA). The
full length of PTEN-2 3'-UTR is 4,629 bp long. The miR-370
binding site in PTEN-2 3'-UTR is located at 4,335-4,344 bp.
The region of the human PTEN-2 3'-UTR from 4,302 to
4,381 bp was generated by PCR amplification and subcloned
into the sites of pGL3-basic luciferase reporter plasmid
(Promega, USA). The miR-370 mimics, and negative control
were purchased from Genecopoeia (Genecopoeia Co. Ltd.,
USA) and then transfected into gastric cancer cells with
Lipofectamine 2000 reagent (Invitrogen, USA), based on the
manufacturer's instructions.
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Table I. The primary antibodies performed in western blotting.

Primary antibodies Dilution Corporation
ratio

Rabbit anti-P53 1:1,000 Cell Signaling Technology
Rabbit anti-MDM?2 1:1,000 Abcam

Rabbit anti-p-MDM2  1:1,000 Abcam

Rabbit anti-mTOR 1:1,000 Abcam

Rabbit anti-p-mTOR  1:1,000 Abcam

Rabbit anti-p-GSK3f 1:1,000 Cell Signaling Technology
Mouse anti-PTEN 1:1,000 Abcam

Rabbit anti-caspase3  1:1,000 Cell Signaling Technology
Rabbit anti-Bax 1:200 Santa Cruz Biotechnology
Rabbit anti-Bcl-2 1:1,000 Cell Signaling Technology
Rabbit anti-AKT 1:1,000  Cell Signaling Technology
Rabbit anti-p-AKT 1:1,000 Cell Signaling Technology
GAPDH 1:500 Santa Cruz Biotechnology

Gene expression knockdown or inhibition of PTEN. PTEN
expression in gastric cancer cells was silenced through
transfecting the targeted siRNA sequences as follows (Sangon
Biotech, China) with Lipofectamine 2000 (Invitrogen); AGA
TAC GTT CTC TAC GCT CAG. The control siRNAs were
produced through introducing 4 base substitutions in PTEN
targeting sequence (GAG TCG GTA GCT ACA CTC). Forty-
eight hours after transfection, PTEN expression was examined
by immunoblotting.

Luciferase reporter assays. The gastric cancer cells, seeded in a
48-well plate, were co-transfected with 50 nM single-stranded
miRNA mimics, or negative control oligonucleotides, 50 ng
of firefly luciferase reporter and 10 ng of pRL-TK (Promega)
with the JetPRIME reagent. Cells were collected 36 h after
the final transfection, and then analyzed via Dual-Luciferase
Reporter Assay system (Promega).

Western blot analysis. Cell proteins were extracted using
T-PER Tissue Protein Extraction Reagent kit (Thermo)
according to the manufacturer's instructions. Protein concen-
trations were determined by BCA protein assay kit, and equal
amounts of protein were loaded per well on a 10% sodium
dodecyl sulphatepolyacrylamide gel. Subsequently, proteins
were transferred onto polyvinylidene difluoride membrane.
The resulting membrane was blocked with Tris-buffered saline
containing 0.05% Tween-20 (TBS-T), supplemented with
5% skim milk (Sigma, USA) at room temperature for 2 h on
a rotary shaker, and followed by TBS-T washing. The specific
primary antibody, diluted in TBST, was incubated with the
membrane at 4°C overnight. Subsequently, the membrane was
washed with TBS-T followed by incubation with the peroxi-
dase-conjugated secondary antibody at room temperature for
1 h. The immunoactive proteins were detected by using an
enhanced chemiluminescence western blotting detection kit.
Western blot bands were observed using GE Healthcare ECL
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Western Blotting Analysis system and exposed to X-ray film
(Kodak). The primary antibodies are shown in Table 1.

RNA isolation, reverse transcription (RT) and real-time PCR
(RT-PCR).Total RNA fromtissue samples and cultured cells was
isolated through the mirVana miRNA Isolation kit (Ambion)
based on the manufacturer's instructions. Then the cDNA was
synthesized from total RNA with the TagMan miRNA reverse
transcription kit (Applied Biosystems, USA). Real-time PCR
was conducted using the Applied Biosystems 7500 Sequence
Detection system with iQ™ SYBR Green Supermix (Bio-Rad
Laboratories, USA) containing 5 ng cDNA and 10 pM of each
primer. The data were normalized to the geometric mean of
housekeeping gene GAPDH or U6 small nuclear RNA expres-
sion and calculated as 2"**°T method. Sequences of the primers
are summarized as follows: miR-370 forward, 5'-GCA TCG
TTC CTT CAA GCC GAT CT-3' and reverse, 5-TGG GTG
AGT CGT TCG G-3'; U6 forward, 5'-GTC CTG GCA GAT
ATA CAC TAA ACA T-3' and reverse, 5'-CTC ACG CTT
GAA TTC ATG CGG CTT-3; PTEN forward, 5-TGT TTG
GCA GAT CTT CCT TG-3' and reverse, 5'-CTC GGT CGT
CGC TCA TAT-3'; GAPDH forward, 5'-CAT TCA AGA CCG
GAC AGA GG-3' and reverse, 5-ACA TAC TCA GCA CCA
GCA TCA CC-3.

Cell proliferation analysis. The transfected gastric cancer
cells were seeded into 96-well plates at a density of 1x10* cells
per well. Twenty microliters of 5 mg/ml MTT solution was
administered to the cultures for a total volume of 200 yl and
then incubated for 4 h at 37°C. After discarding the culture
medium, the remaining crystals were then dissolved in DMSO.
Finally, the absorbance of 560 nm was determined.

Colony-forming, migration and invasion assay. Gastric cancer
cells were suspended in 0.9% methylcellulose-based semisolid
medium MethoCult H4100 (StemCell, Beijing, China). After
14 days, individual primary clones (450 cells) were trypsin-
ized and re-plated in the same conditions to examine the
secondary colony-forming ability for self-renewal. For the
Transwell migration assays, 10x10* cells were placed in the
top chamber with a non-coated membrane. For the invasion
assays, 2x10° cells were placed in the top chamber with a
Matrigel-coated membrane. For both assays, the cells were
seeded in a serum-free medium, and a medium with 10%
serum was used as a chemoattractant in the lower chamber.
The cells were then incubated for 16 h at 37°C and 5% CO,
in a tissue culture incubator. After 16 h, the non-migrated/
non-invading cells were removed from the upper sides of the
Transwell membrane filter inserts with cotton-tip swabs. The
migrated/invaded cells on the lower sides of the inserts were
then stained with Giemsa, and finally the cells were counted.

Establishment of xenograft tumor models. The mouse
experiments were conducted in the Animal Laboratory Center.
NUGC-3 cells (1x107 cells) treated with miR-370 mimics were
suspended in 100 pl serum-free medium and injected subcu-
taneously into the left flank of 4- to 6-week old male BALB/c
nu/nu nude mice. Tumor size was measured with digital caliper
and calculated every week. Tumor volume was measured every
seven days and at the end of ~6 weeks after treatment, mice
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Figure 1. miR-370 is decreased in the tissues and cell lines of gastric cancer.
(A) miRNAs expressed differentially in tissue samples of gastric cancer com-
pared to adjacent normal samples. (B) Expression of miR-370 was measured
in gastric cancer samples and normal tissues by RT-PCR. The expressed
levels of miR-370 were normalized to U6 expression for the following
analysis. (C) The expression levels of miR-370 were further tested in normal
gastric cell line RGM-1 and gastric cancer cell lines of NCI-N87, MKN74,
NUGC-3, MGC-803 and BGC-823 by RT-PCR, and the expression levels of
miR-370 were normalized to U6 RNA expression for the following analyses.
The values are presented as the mean + SD (n=6) of the samples. *p<0.05,
*p<0.01, and ***p<0.001 versus the normal or RGM-1 groups.

were sacrificed. Tumors were excised, weighed, fixed in 10%
neutral formalin, and embedded in paraffin for histological
analysis.

Immunohistochemistry. The cells seeded on the plates were
dewaxed and rehydrated with xylene and a graded alcohol
series. Endogenous peroxidase activity was blocked with
3% hydrogen peroxide for 15 min at room temperature. After
washing in water, non-specific binding sites were blocked
with 5% bovine serum in phosphate-buffered saline (PBS)
for 30 min at room temperature. The samples were incubated
with primary monoclonal antibody PTEN, P53 and caspase-3
(1:200) at 4°C overnight. The slide was then gently rinsed with
PBS and developed by the Envision system/HRP for 30 min
and substrate-chromogen for 15 min at room temperature. The
nuclei were counterstained with Mayer's hematoxylin.

Immunofluorescence assays. After induction by conditioned
culture medium, the cells were fixed in 4% paraformaldehyde,
permeabilized with 0.1% Triton X-100 in PBS containing
0.5% BSA (PBS-BSA) for 30 min. The cells were subse-
quently incubated with PTEN for 30 min, followed by
labeling with Alexa Fluor 488-conjugated rabbit anti-mouse
or goat anti-rabbit IgG antibody. The cells were viewed under
a fluorescent microscope.
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Figure 2. miR-370 directly targets and regulates PTEN expression in gastric cancer cells. (A) The wild-type (WT) and mutant (Mut) of putative miR-370
targeting sequences in PTEN mRNA. Mutant sequences are shown in bold type. (B) The measurement of luciferase activity in the NUGC-3 gastric cancer
cells. (C) The effects of miR-370 mimics on the endogenous PTEN mRNA levels in NUGC-3 and NCI-N87 gastric cancer cells by RT-PCR analysis. The
effects of miR-370 mimics on the endogenous PTEN protein levels in NUGC-3 (D and E) and NCI-N87 (D and E) gastric cancer cells by western blot analysis.
The values are presented as the mean + SD (n=6) of the samples. *p<0.05, *p<0.01, and ***p<0.001 versus the control (Con) group; “p<0.05, “p<0.01, and

“*p<0.001 versus the miR-370-mimics group.

Flow cytometry assays. Flow cytometric assay was used to
clarify the apoptotic cells and the cell cycle arrest. The gastric
cancer cells were collected with trypsinisation and then washed
twice with PBS, and fixed in cold 80% ethanol, and finally
stored at 4°C overnight. The cells were washed with PBS
twice and RNase A (10 mg/ml) was administered for analysis.
Propidium iodide was then added to tubes at a concentration
of 0.05 mg/ml and then incubated for 20 min at 4°C in the
dark. FITC-labeled Annexin V/PI staining was applied based
on the manufacturer's instructions (Keygen, China). In brief,
1x10% cells in each well were suspended with buffer containing
FITC-conjugated Annexin V/PI. Samples were then analyzed
by flow cytometry.

Statistical analysis. The differences of the data are presented
as the means + SEM. The treated tissue and the corresponding
controls were compared using Graph Pad Prism (version 6.0;
Graph Pad Software, USA) by one-way ANOVA with Dunn's
least significant difference tests. Differences between groups
were considered significant at p<0.05.

Results

miR-370 is decreased in the tissues and cell lines of gastric
cancer. To be included in our analysis, the protein target of
PTEN had to be predicted concordantly by at least three predic-
tion tools and the following were used in our study: PicTar,

miRanda, TargetScan as well as miRDB. Based on the released
version of January 2012, we found 8 microRNAs which poten-
tially targeted PTEN. We explored several miRNAs expressed
abnormally in gastric cancer with a gene chip (Fig. 1A). Based
on the results of predictions above, miR-370 was an important
upstream target of PTEN. To determine the expression levels
of miR-370 in gastric cancer samples and cell lines, total RNAs
were extracted from gastric cancer tissues and cell lines, and
the expression levels of miR-370 were analyzed by RT-PCR
and normalized to endogenous control (U6 RNA). As shown
in Fig. 1B, miR-370 was significantly decreased in gastric
cancer tissues in comparison with adjacent normal tissues. It
was also shown that miR-370 was downregulated in gastric
cancer cell lines, compared with normal gastric RGM-1 cells
(Fig. 1C). The data suggested that miR-370 was decreased in
the tissues and cell lines of gastric cancer.

miR-370 directly targets and regulates PTEN expression
in gastric cancer cells. miRNAs mainly function via its
regulation of target genes, and the target gene of miR-370
was further analyzed. After checking the newly published
CLASH data, ~408 genes were targeted by miR-370 in
NUGC-3 cells. Among these genes, PTEN, a key regulator
in apoptosis and proliferation, modulating cellular processes,
was focused on in our study. In order to confirm whether
miR-370 could affect the expression of PTEN, we performed
luciferase reporter assays in NUGC-3 cells. We then created
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Figure 3. miR-370 downregulates gastric cancer cell growth and proliferation. Gastric cancer cell proliferation was significantly upregulated after Hsa-miR-370
infection compared with the negative control (NC) infection in (A) NUGC-3 and (B) NCI-N87. (C) miR-370 overexpression significantly enhanced the colony-
forming ability of gastric cancer cell lines. (D) The representative images (up) and the quantification (down) of migrated gastric cancer cells across a Transwell
chamber are shown in both cell lines. (E) The representative images (up) and the quantification (down) of the invaded gastric cancer cells across a Transwell chamber
are shown in both cell lines. The values are presented as the mean + SD (n=6) of the samples. *p<0.05, **p<0.01, and ***p<0.001 versus the control (Con) group.

a luciferase reporter plasmid with wild-type (WT) or mutant
(Mut) targeting sequence of PTEN mRNA (Fig. 2A), which
were cotransfected with miR-370 mimics or the negative
control (NC) oligonucleotides into NUGC-3 cells for 48 h,
and determined luciferase activity in the transfected cancer
cells. Our results indicated that the reporter plasmid with
WT targeting sequence of PTEN mRNA caused a significant
downregulation of luciferase activity in cells transfected
with miR-370 compared with the control group without any
treatment and negative group, whereas reporter plasmid with
mutant sequence of PTEN produced no alteration of luciferase
activity (Fig. 2B). NUGC-3 and NCI-N87 gastric cancer cells
were transfected with miR-370 mimics, or negative control
oligonucleotides, and PTEN mRNA and protein levels were
examined by RT-PCR and western blot analysis, respectively.
PTEN mRNA expression was low by miR-370 mimics in
NUGC-3 and NCI-N87 cells, respectively (Fig. 2C). The level
of PTEN protein was consistently and substantially downregu-
lated by miR-370 in NUGC-3 gastric cancer cells, respectively
(Fig. 2D and E). Also, similar expression levels were further

confirmed in NCI-N87 gastric cancer cells (Fig. 2D and E).
The results suggested that PTEN might be a direct target of
miR-370 in gastric cancer cells.

miR-370 downregulates gastric cancer cell growth and prolif-
eration. The gastric cancer cells with the enhanced miR-370
expression exhibited downregulated cell proliferation signifi-
cantly in comparison to the cells of NC group in both NUGC-3
(Fig. 3A) and NCI-N87 cell lines (Fig. 3B). Cell function assays
displayed that upregulation of miR-370 revealed lower number
of colony formation in both NUGC-3 and NCI-N87 gastric
cancer cell lines (Fig. 3C). In addition, impact of miR-370
on cell migration (Fig. 3D) and invasion (Fig. 3E) across a
Transwell chamber showed that increasing of miR-370 amelio-
rated migration and invasion capacity of both gastric cancer
cell lines, while upregulation of miR-370 inhibited migration
and invasion capacity of both gastric cancer cell lines. In
conclusion, the data suggested that miR-370 plays a potentially
inhibiting role in gastric cancer growth and progression via the
inhibition of cell proliferation, migration and invasion.
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Figure 4. The effects of miR-370 on apoptosis in the gastric cancer cell lines
via flow cytometry assays. (A) Flow cytometry was performed to determine
the number of apoptotic cells in both NUGC-3 (up) and NCI-N87 (down)
gastric cancer cell lines. (B) The calculation of apoptotic cells based on the
results of flow cytometry. The values are presented as the mean + SD (n=6)
of the samples. *p<0.05, **p<0.01, and ***p<0.001 versus the control (Con)
group.

The effects of miR-370 on apoptosis in the gastric cancer cell
lines via flow cytometry assays.In order to further confirm that
miR-370 could target PTEN, resulting in apoptosis in gastric
cancer cells and ameliorating gastric cancer progression, flow
cytometry was used to evaluate the apoptotic levels in NUGC-3
and NCI-N87 cells. As shown in Fig. 4, the number of apoptotic
cells were higher in miR-370-mimic treated groups, indicating
that miR-370 had a potential role in enhancing apoptosis in
gastric cancer. We found that gastric cancer cell apoptosis was
downregulated in cells transfected with miR-370 mimics with
PTEN inhibition. However, the number of apoptotic cells was
enhanced in the cells with forced miR-370 and PTEN restora-
tion in both NUGC-3 and NCI-N87 cell lines (Fig. 5). The data
indicated that miR-370 regulated apoptosis in gastric cancer
cells via PTEN regulation.

The effects of miR-370 on cell cycle in the gastric cancer cell
lines via flow cytometry assays. In order to determine if the
reduction of cell growth in NUGC-3 and NCI-N87 cells regu-
lated by miR-370 was linked with the alterations of cell cycle
arrest, the gastric cancer cells were transfected with miR-370.
Subsequently, flow cytometry was performed to determine the
cell cycle. Our results showed that miR-370 mimics caused an
increased population of GO/G1 and decreased population of S
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phase cells, suggesting that miR-370 had a potential ability to
arrest the cervical cancer cell cycle in the GO/G1 and S phase
(Fig. 6). No alteration was found in G2/M phase in the two
groups in the gastric cancer cellss NUGC-3 and NCI-N87.
Collectively, these data indicated that the inhibitory role of
miR-370 on gastric cancer cell growth was related to induction
of GO/G1 and S phase arrest.

miR-370 induces gastric cancer cell line apoptosis via p-AKT
and Bcl-2 inactivation and caspase-3 activation. Loss of PTEN
leads to the P13K/AKT signaling pathway to be hyperactive,
resulting in cell survival and resistance to therapeutics in various
cancers, including liver cancer (18). The Bcl-2 protein family
includes major regulators of cell survival, including Bax, which
promotes or suppresses apoptosis progression. Additionally, the
caspase signaling pathway was partly regulated by Bcl-2 (19).
The data above indicated that restoration of miR-370 could
suppress the growth and proliferation of gastric cancer cells and
PTEN might be a potential target of miR-370. So we hypoth-
esized that miR-370 regulated cell growth in gastric cancer cells
by targeting PTEN and its possible related signals. As expected,
PTEN in NUGC-3 and NCI-N87 cells was reduced significantly
(Fig. 7A-C). In addition, AKT was downregulated with Bcl-2
decreasing in cells with high level of miR-370. However, Bax
was markedly activated, leading to the increasing of caspase-3
cleavage. Finally, apoptosis was enhanced due to caspase-3
activity. PTEN expression levels were determined via immu-
nofluorescent assays. In NUGC-3 and NCI-N87 gastric cancer
cells (Fig. 7D and E), PTEN was highly expressed in miR-370
mimic-treated group in comparison to the NC group. The data
illustrated that miR-370 had a possible effect on accelerating
apoptosis in gastric cancer cell growth and progression via
caspase-3 activation related with PTEN activation.

miR-370 regulates gastric cancer cell line proliferation and
growth via p53 and mTOR signaling pathway through PTEN
modulation. The murine double minute 2 (MDM?2) protein
is involved in the regulation of growth, survival, and inva-
sion. p53, as an important tumor suppressor, was regulated
by MDM2. MDM2/P53 signaling pathway plays an essential
role in cell cycle arrest, regulating cell proliferation (20). Here
we found that MDM2 was phosphorylated significantly in
the NC group and miR-370 reduced this effect. Subsequently,
p53 was upregulated, reaching the effect of gastric cancer cell
growth (Fig. 8A). mTOR and GSK3p play important roles in
cell growth translation and cell cycle. In our study, we found
that mTOR was inhibited due to the high levels of miR-370
in both gastric cancer cells. While GSK3p was found to be
enhanced in miR-370 mimics treatment (Fig. 8B). The data
suggested that miR-370 could regulate gastric cancer cell
proliferation and growth via MDM2 and mTOR inactivation
and p53 and GSK3p activation. Next, PTEN was knocked
down via siRNA treatment. As shown in Fig. 8C, PTEN was
downregulated significantly in the NUGC-3 cells. Then the
AKT, caspase-3, MDM2, mTOR and GSK3f signals were
investigated. Fig. 8D shows that AKT activity was enhanced
due to PTEN knockdown, resulting in Bcl-2 upregulation and
Bax downregulation, and caspase-3 was reduced accordingly.
PTEN knockdown promoted MDM?2 phosphorylation and p53
decreased. In addition, mMTOR was activated combined with
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the upregulation of GSK3p, further indicating that gastric
cancer progression was, at least partly, related with PTEN
expression levels (Fig. 8E). In order to further explore the
effects of miR-370 and its target PTEN on gastric cancer cell
growth, we combined miR-370 and PTEN-inhibitor together.
As shown in Fig. 8F, we found that it was the combination
of miR-370 and PTEN that had a significant role in reducing
AKT activation and caspase-3 promotion, leading to apoptosis
in gastric cancer cells. Also, the combined miR-370 and PTEN
could reduce p-MDM2 while increase pS53 and GSK3 levels
(Fig. 8G). The data further confirmed that PTEN was a direct
target for miR-370-regulated gastric cancer development.

miR-370 inhibites tumor growth and progression in vitro. To
understand whether miR-370 is involved in cervical cancer

tumorgenesis in vivo, we engineered NUGC-3 cells to stably
overexpress miR-370. The control cells, and miR-370-over-
expressing cells were subcutaneously inoculated into nude
mice, respectively. As shown in Fig. 9A and B, the tumors in
the NC group grew more rapidly than the tumors in miR-370
group. Also, the tumor weight was higher in the NC group in
comparison to the miR-370 group with significant difference
(Fig. 9C). The results indicated that miR-370 could inhibit
cervical cancer growth in vivo. Consistently, gastric cancer
tissues with low miR-744 showed much lower expression of
PTEN, P53 and caspase-3, compared with the normal gastric
cancer tissues displaying high level of miR-370 (Fig. 9D).
Taken together, the results demonstrated that PTEN might
be a potential target of miR-370 in inhibiting gastric cancer
cells in vivo.
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Discussion

Gastric cancer is one of the most frequent of all cancers
world-wide (21). Most of the patients are diagnosed in the
advanced stage and no more than one-half of these patients
survive for over five years. Thus, searching for a more effective
therapeutic strategy for detecting gastric cancer in early-stage
is necessary for gastric cancer diagnosis and treatment (22).
miRNAs are small non-coding RNAs, binding to sites in
the 3'-untranslated region of targeting mRNAs (23), leading
to mRNA degradation and translational repression (24).
Previous studies have reported a number of miRNAs, which
have essential effects on cancer progression, especially in the
progression of tumor invasion as well as metastasis (25,26).
Downregulation of microRNA-370 has been suggested in
various cancers. microRNA-370 can play as an oncogene or a
tumor inhibitor gene. However, the clinicopathological impor-
tance of miR-370 expressed levels in gastric cancer has not
been revealed. miR-370 expression was found to be frequently
reduced in glioma tissues. In addition, its expression was nega-
tively correlated with the malignant degree of many tumors.
To our knowledge, miR-370 expression in gastric cancer has
not been reported. This study was conducted to explore the
miR-370 expression in gastric cancer tissues.

We reported that miR-370 was downregulated in gastric
cancer tissues compared to the matched adjacent tissues of the
tumor, and also the result was confirmed in gastric cancer cell
lines. Decreased expression of miR-370 was related to clinico-
pathological features of gastric cancer significantly, including
small tumor size, inhibition of cell migration, proliferation
and invasion. Functionally, reduced expression of miR-370
promoted proliferation, colony formation as well as cell cycle
progression in gastric cancer cells. Further, we found that
PTEN was a novel direct target of miR-370. The functional
role of miR-370 alteration in gastric cancer cells was related
to PTEN. Furthermore, the PTEN expression was decreased
in gastric cancer cells and its expression level was correlated
with miR-370. Additionally, miR-370 was found to be related
with GO/G1 and S phase arrest induction. Together, our results
indicated that PTEN is a direct target of miR-370, which could
inhibit gastric cancer development and progression.

AKT is a serine/threonine kinase-activated downstream
of integrin (27). It is a receptor for different bioactive
substances, pro-proliferation and the extracellular matrix
receptor. AKT activation often results in tumorigenesis and
plays an important role in cell motility regulation, which is
essential for local invasion as well as metastasis. In the PTEN
heterozygous knockout mice, PI3K/AKT signaling pathway
is continually activated, contributing to tumor formation
(28-30). Amplification and mutations of AKT gene lead to
AKT activation in a variety of hematological neoplasms and
solid carcinomas, and PTEN mutation has a negative effect on
PI3K/AKT activation, causing the abnormal AKT activation
(31). In our study, we found that PTEN was reduced signifi-
cantly in gastric cancer cells with miR-370 downregulation.
Then, abnormal AKT activation was caused, which was
consistent with previous studies. The results here suggested
that miR370-regulated PTEN alteration displayed regulation
role in AKT activity. AKT regulates cancer cell proliferation
by modulating Bcl-2, Bax and caspase-3, which are linked to
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apoptosis. Studies have suggested that phosphorylated AKT
could enhance Bcl-2 while suppressing Bax expression (32,33).
As an anti-apoptotic factor, Bcl-2 was found to be downregu-
lated in gastric cancer cells with forced miR-370. In contrast,
Bax as a pro-apoptotic factor was found to be enhanced after
AKT inactivation induced by PTEN promotion with miR-370
enhancement. Of note, the cleaved caspase-3 was discovered
with high expression with PTEN and Bax increasing as well as
p-AKT and Bcl-2 decreasing regulated by miR-370, which led
to apoptosis in gastric cancer cells. The data above revealed
that miR-370-targeted PTEN could inhibit gastric cancer
progression and development via apoptosis promotion through
inhibiting AKT and activating caspase-3.

Under normal physiological situations, P53, an important
tumor suppressor gene, suppresses cell proliferation, inhibits
cell division, and promotes the damaged DNA repair (34,35).
Also, p53 initiates apoptosis formation in case of failed DNA
repair (36). In the absence of normal p53 protein, cells are
known to be sensitive to the S phase entry with damaged DNA
and the genetic alterations, leading to change of cell malignant
and tumor formation (37). As a negative regulator of p53,
mdm?2 interacts with p53 protein to inhibit the transcriptional
activation of p53, leading to cell proliferation in a tumor (38).
In our study, we found that miR-370 could inhibit MDM?2
activation, and subsequently, p53 was stimulated, performing
its role in suppression of gastric cancer cell proliferation. The
data in this regard illustrated that the miR-370-suppressed
gastric cancer progression, at least partly was related to p53
activation and MDM?2 inhibition.

mTOR is a serine/threonine kinase that is activated by
AKT (39). The PI3K-AKT-mTOR pathway has been reported
to be activated in many malignant tumors due to abnormalities
in various genes. These fundamental findings suggest that the
PI3K-AKT-mTOR pathway is important as a target for anti-
neoplastic agents (40,41). In our study, phosphorylated mTOR
was found to be downregulated in gastric cancer cells with
miR-370 enhancement. GSK3f was in contrast upregulated
in the cells with high levels of miR-370, suppressing the cell
cycle and growth.

In this study, we found that miR-370 could inhibit gastric
cancer progression via targeting PTEN, which inactivated
AKT. Subsequently, caspase-3 was enhanced, causing apop-
tosis. Further, p53 signaling pathway was stimulated due to
increasing miR-370, displaying antitumor effects on gastric
cancer. Also, mTOR inhibition as well as GSK3f promotion
were discovered in gastric cancer cells expressing high level
of miR-370. Of note, we found that it was the combination of
miR-370 and PTEN that performed the role in gastric cancer
suppression. Our results suggested that promoting miR-370
might be a therapeutic strategy in the gastric cancer treatment.
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