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Introduction: MiRNAs have been proven to modulate the progression of gastric cancer
(GC). In this field, we evaluated the role and mechanism of miR-140-3p in GC.

Methods: Western blotting and qRT-PCR were used to detect the levels of miR-140-3p and
BCL2. The interaction of miR-140-3p and BCL2 was confirmed by dual-luciferase reporter
and miRNA pull-down assays. CCK-8, EAU, wound healing, and Transwell invasion assays
were performed to evaluate cell proliferation, migration and invasion. Autophagy was
analyzed using Western blot analysis of the LC3-II/I ratio and immunofluorescence staining.
A xenograft model was established to reveal the role of miR-140-3p in tumorigenesis.
Results: In GC cell lines and tissues, miR-140-3p was highly expressed, and BCL2 was
expressed at low levels. MiR-140-3p directly inhibited BCL2 expression and indirectly
promoted BECN1 expression, and BCL2 inhibited BECN1 expression. MiR-140-3p over-
expression or silencing restrained or facilitated migration, invasion and EMT in GC cells.
Moreover, we noticed that overexpression or downregulation of miR-140-3p promoted or
suppressed BECN1-dependent autophagy in GC cells. BCL2 introduction or BECNI1 silen-
cing in GC cells partially blocked the effects of miR-140-3p. In conclusion, miR-140-3p
directly downregulated the expression of BCL2, BCL2 downregulation further activated
BECN1-dependent autophagy, and autophagy activation further inhibited EMT.
Conclusion: miR-140-3p may act as a tumor suppressor by targeting BCL2 and regulating
downstream BECN1-induced autophagy and metastasis in GC progression.
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Introduction
In 2018, there were 100,000 new cases of gastric cancer (GC) and 783,000 deaths
worldwide." Genetics and diet are acknowledged risk factors for GC.>* Recurrence
and metastasis occur in more than half of patients who undergo radical
gastrectomy.* A low BECNI level is related to a poor prognosis for GC, which
suggests autophagy as a potential antitumor target.”® Therefore, investigation of
autophagy-related mechanisms is a new direction for the treatment of GC.
MicroRNAs (miRNAs) regulate the crosstalk between autophagy and metastasis
in GC progression.7’8 MiR-140-3p, located on human chromosome 16q22.1, has
been proven to inhibit the progression and metastasis of various cancers.’ '’
A study reported that miR-140-3p inhibits inflammation and oxidative stress but
enhances autophagy.'* However, the exact role of miR-140-3p in GC is still

unknown.
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The B-cell lymphoma 2 (BCL2) gene was originally
described as an oncogene in follicular lymphoma and has
been shown to inhibit cell apoptosis.'> A previous study
observed that BCL2 inhibits BECN1-mediated autophagy
and autophagic cell death.'® BCL2 is regulated by various
microRNAs in many human cancers.'” ' MiR-140-3p
directly targets BCL2 in aortic smooth muscle cells.?
However, whether miR-140-3p affects metastasis and
autophagy in GC through the BCL2/BECNI1 pathway has
not yet been studied.

In this research, our team discovered that miR-140-3p
was downregulated in GC cells and tissues. BCL2 was
proven to be a target of miR-140-3p and involved in miR-
140-3p-regulated cellular processes. In addition, the protein
levels of BECNI1 were negatively and positively regulated
by BCL2 and miR-140-3p, respectively. Silencing BECN1
reversed the miR-140-3p-induced inhibition of cell prolif-
eration, migration, invasion and EMT. In conclusion, the
data suggested that miR-140-3p restrains GC progression
and metastasis by inducing BCL2/BECNI-mediated
autophagy.

Materials and Methods

Gastric Cancer Tissue Specimens

GC samples (n=55) and matched normal samples were
taken from patients who agreed to be including in the
experiments, and experiments were authorized by the
Ethics Committee of the People’s Hospital of Jingjiang,
and all procedures were performed in accordance with the
Declaration of Helsinki. The samples were collected from
January 2015 to the end of December 2016. All written
informed consents were obtained from patients. At least
two pathologists confirmed the pathological diagnosis of
GC. The clinicopathological characteristics of the patients
are shown in Table 1.

Cell Culture and RNAI Transfection

The human GC cell lines BGC-823, MKN45, MKN28,
MGC-803, and SGC7901
mucosa GES-1 cells were purchased from the FuDan
IBS Cell Center (Shanghai, China). All cells were cultured
at 37°C in a humidified incubator with 5% CO,. The
constructs for transfection were provided by GenePharma
(Shanghai, China) and were transfected with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).
The sequences were as follows: si-BCL2 (5'-UC
UUUUCCUAAAAAGGAUGAC-3'), si-BECN1  (5'-

and immortalized gastric

ACUUUCUGUGGACAUCAUCCU-3"), pc-BCL2 (for-
ward: 5'-CTCGGATCCGCGATGTCGACCTA-3'; reverse:
5'-CCGCCATGGTCTACTGTCTGGTCCA-3"), pc-BEC
N1 (forward: 5'-CCCTCGAGGGATGCTCGAATGACAT
-3'; reverse: 5'-CCAAGCTTGGCTACGTGCCAGCCTG
TT-3"), miR-140-3p mimic (5-UACCACAGGGUAG
AACCACGG-3’), mimic-NC (5'-GCAAGAGACAAGCG
CUUAGCC-3"), miR140-3p inhibitor (5-GCUAGCUU
CGAUGCCAGUCG-3"), and inhibitor-NC (5'-AUGCCA
GCUGGCCAUACGAU-3").

Real-Time PCR Analysis

Total RNA was isolated from GC tissues or normal sto-
mach tissues and from BGC-823 and MKN45 cells using
TRIzol (TaKaRa, Japan). Quantitative real-time polymer-
ase chain reaction (QRT-PCR) was used to detect miRNA
and mRNA levels. U6 and GAPDH were used as the
internal controls, respectively. The primers were as fol-
lows: miR-140-3p, 5'-CAGTGCTGTACCACAGGGTA
GA-3' (sense) and 5-TATCCTTGTTCACGACTCCTTC
AC-3" (antisense); BCL2, 5-CCTCGCTGCACAA
ATACTCC-3' and 5-TGGAGAGAATGTTG
GCGTCT-3' (antisense); BECNI, 5'-CCATGCAGG
TGAGCTTCGT-3' (sense) and 5'-GAATCTGCGAG
AGACACCATC-3' (antisense); U6, 5'-ATTGGAACGA
TACAGAGAAGATT-3' (sense) and 5-GGAACGCTTC
ACGAATTTG-3' (antisense); and GAPDH, 5'-TGTTCG
TCATGGGTGTGAAC-3' (sense) and 5-ATGGCATGG
ACTGTGGTCAT-3' (antisense).

(sense)

Dual-Luciferase Reporter Assay

Possible targets of miR-140-3p were predicted by
a bioinformatic prediction website. Wild-type and mutant
BCL2 mRNA 3'-UTR reporters (BCL2-wt and BCL2-mut)
were constructed and cotransfected with the miR-140-3p
mimic (or mimic control) into GC cells, and luciferase
activity was determined. At 48 h post transfection, lucifer-
ase activities were analyzed in BGC-823 cells by a dual-
luciferase reporter assay system (Promega, Madison,
WI, USA).

MiRNA Pull-Down Assay

For miRNA pull-down assays, 3'-end biotinylated miRNA
Mimic (RiboBio, China) was transfected into GC cells at
a final concentration of 20 nM by RNAiMax (Invitrogen)
following the manufacturer’s protocol. After 24 h, the cells
were lysed in lysis buffer as described above, and the same
pull-down procedure was performed.
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Table | Correlations Between Target Gene Expression and Clinicopathological Features of GC Patients
Characteristics No. of Patients miR-140-3p Level P BCL2 mRNA Level P
n=55 High (22) Low (33) High (25) Low (30)

Sex 0913 0.101
Female 22 9 13 7 15
Male 33 13 20 18 15

Age (years) 0.829 0.664
<60 29 12 17 14 15
260 26 10 16 I 15

Differentiation 0.277 0.157
Well, moderate 30 14 16 I 19
Poor 25 8 17 14 I

Tumor Size (cm) 0.101 0.157
T<5 30 15 15 I 19
T=5 25 7 18 14 I

TNM stage 0.014 0.116
L 24 14 10 8 16
1, v 31 8 23 17 14

Nerve involvement 0.348 0.802
Negative 50 19 31 23 27
Positive 5 3 2 3

Vessel involvement 0.151 0.672
Negative 39 18 21 17 22
Positive 16 4 12 8 8

Lymph node 0.324 0.807
NO-I 23 I 12 10 13
N2-3 32 I 21 15 17

Tumor site 0.711 0.825
Antrum 41 17 24 19 22
Cardia 14 5 9 6 8

Note: p<0.05 is indicated in bold.
Abbreviations: TNM, tumor-node-metastasis; high, high expression; low, low expression.

Western Blot Analysis

GC cells were collected and lysed in RIPA buffer
(Servicebio Biotechnology, China). Equal amounts of pro-
teins were separated by SDS-PAGE, transferred to PVDF
membranes, blocked in 5% nonfat milk for 1 h, and then
immunoblotted with primary antibodies at 4°C overnight.
The primary antibodies were as follows: anti-BCL2, anti-
BECNI1, anti-LC3, anti-p62, anti-E-cadherin, anti-
N-cadherin, anti-Vimentin, anti-B-actin (Abcam, USA)
(Cell USA).
Following incubation with polyclonal HRP-conjugated

and anti-Bax Signaling Technology,

secondary antibodies, the signals were detected by an
ECL system (Biomiga, Agoura Hills, CA).

Immunofluorescence Staining

Cells were incubated with an anti-LC3 human polyclonal
antibody at 4°C overnight. The cells were then incubated
with a goat anti-human IgG secondary antibody (Abcam)
at ambient temperature for 1 h. After washing with PBS,
the samples were treated with an antifade reagent with
DAPI (Thermo Fisher Scientific, P36931). Fluorescence
images were acquired using an Olympus FV1200 confocal
microscope.

Apoptosis Analysis
Apoptosis of GC cell lines was measured using an apop-
tosis detection kit (Beyotime, China). Briefly, 5x10° cells
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were washed with PBS and resuspended in binding buffer.
After staining with Annexin V and propidium iodide for 15
min, the cells were analyzed by flow cytometry (BD
Biosciences, China).

EdU Assay

For the EdU assay, 4 x 10* cells were seeded in a 96-well
plate, and the Cell-Light EQU Apollo 567 Kit (RiboBio,
China) was used to evaluate cell proliferation. After
removing the medium, the cells were treated with a 50
uM EdU solution at 37°C. Then, the cells were fixed with
4% paraformaldehyde for 30 min and incubated with gly-
col for 5 min. After incubation with 100 pL 0.5% Triton
X-100, the cells were washed with PBS, incubated with
100 pL Apollo staining reaction, and finally fixed and
decolorized with methanol. Cells were visualized under

a fluorescence microscope.

Migration and Invasion Assays

GC cells were cultured in six-well plates until confluent.
The cells were vertically scraped with a micropipette tip
(100 pL). Migration progression was measured at 24
h after wounding. The distance between the two edges of
the wound was calculated at three different positions.
A Transwell invasion assay was carried out in the manner
described previously.”' Cells were seeded in the upper
chamber with coated Matrigel, and the lower chamber
comprised DMEM containing 10% FBS. After 24 h of
cultivation, the cells that passed through the Matrigel-
coated membrane were fixed, stained with crystal violet,
and quantitated in 5 random microscopic fields.

Establishment of a GC Xenograft Mouse
Model

A GC xenograft mouse model was established using
BALB/C nude mice. Twenty nude mice were randomly
divided into four groups. The xenograft in vivo assay was
approved by the Institutional Animal Care and Use
Committee of the People’s Hospital of Jingjiang. Groups
received subcutaneous injections of anti-miR-control-,
anti-miR-140-3p-, pre-miR-control-, or pre-miR-140-3p-
transfected BGC-823 cells. Tumor volumes were calcu-
lated every week
(lengthxwidth?)/2. The mice were sacrificed at 35 days
after inoculation of tumor cells, and tumor weights were

according to the formula:

recorded.

Statistical Analysis

Results are presented as the mean + SEM. Analyses were
carried out using GraphPad Prism 6.0 (GraphPad Software
Inc., USA). Overall survival (OS) and disease-free survival
(DFS) were evaluated by the Kaplan—-Meier method. The Cox
regression model was used for univariate and multivariate
analyses. P < 0.05 was considered statistically significant.

Results
MiR-140-3p Was Downregulated in GC

Tissues and Cells

The miR-140-3p level was significantly decreased in GC tis-
sues compared with paired normal tissues (0.018 + 0.001 vs
0.031 £ 0.002; P<0.001; Figure 1A). Furthermore, reduced
miR-140-3p expression was observed in five GC cell lines
compared with GES-1 cells (P<0.01; Figure 1B). High levels
of miR-140-3p (above the mean) indicated better patient OS
than low miR-140-3p expression (below the mean) (P=0.042;
Figure 1C). Furthermore, high expression of miR-140-3p indi-
cated better disease-free survival in GC patients (P=0.033;
Figure 1D).

MiR-140-3p Directly Inhibited BCL2

Expression in GC Cell Lines

PicTar, miRanda and TargetScan predicted BCL2 as
a target gene of miR-140-3p. Studies have revealed that
BCL2 is relatively frequently expressed in GC patients
with lymph node involvement.”*** The potential binding
sites of miR-140-3p in the BCL2 mRNA 3’-untranslated
region (3'-UTR) are shown in Figure 2A. We found that
miR-140-3p inhibited the luciferase activity of the wild-
type BCL2 3’-UTR but not that of mutant BCL2 3'-UTRs
(Figure 2B). A miRNA pull-down assay showed a nearly
fourfold enrichment in BCL2 in the miR-140-3p group
compared with the control group (Figure 2C). By qRT-
PCR, we demonstrated that the BCL2 mRNA level was
reduced by a miR-140-3p mimic and elevated by a miR-
140-3p inhibitor (Figure 2D and E). Similarly, we found
that the miR-140-3p mimic inhibited BCL2 protein
expression and that the miR-140-3p inhibitor promoted
BCL2 protein expression (Figure 2F).

Relative Expression of BCL2 in GC

Tissues and Cell Lines
The BCL2 level was significantly higher in GC tissues
than in paired normal tissues (1.44 + 0.080 vs 0.896 +
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Figure | MiR-140-3p was downregulated in GC tissues and cell lines.
Notes: (A) The relative levels of miR-140-3p in tumors and corresponding nontumor gastric tissues were determined by qRT-PCR. (B) Relative levels of miR-140-3p in GC
cell lines and a normal cell line. (C and D) Kaplan-Meier analysis of the overall survival and disease-free survival of GC patients stratified according to miR-140-3p
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0.063; P<0.001; Figure 3A)

. Both the mRNA and protein

levels of BCL2 were upregulated in GC cells (Figure 3B

and C). Pearson’s

correlation

coefficient analysis

demonstrated that BCL2 expression was inversely corre-

lated with miR-140-3p expression in GC samples (r=
—0.329, P=0.014; Figure 3D). High expression of BCL2
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Figure 3 BCL2 was negatively regulated by miR-140-3p in GC tissues and cell lines.

Notes: (A) Relative mRNA levels of BCL2 in tumors and nontumor gastric tissues. (B and C) Relative BCL2 mRNA and protein expression in GC cell lines and a normal
cell line. (D) The mRNA levels of BCL2 were inversely correlated with the levels of miR-140-3p in tumor tissues. (E and F) Kaplan-Meier analysis of overall survival and
disease-free survival in GC patients. **P<0.01; ***P<0.001.

Abbreviations: NT, nontumor tissues; OS, overall survival; DFS, disease-free survival.

indicated poorer overall survival and disease-free survival
in patients than low expression (P=0.008 and 0.014,
respectively; Figure 3E and F).

Studies on the relationships between clinicopatholo-
gical factors and miR-140-3p expression showed that
only tumor-node-metastasis (TNM) stage was corre-
0.014,
Table 1). No correlation was found between miR-140-

lated with low miR-140-3p expression (P =

3p expression and age, sex or tumor size (Table 1). As
shown in Table 2, high expression of BCL2
(HR=3.159; 95% CI, 1.271-7.852; p=0.013), tumor
size (HR=2.350; 95% CI, 1.008-5.480; p=0.048), and
TNM (HR=5.280; 95% CI, 1.770-15.748;

p=0.003) were significant prognostic factors for pre-

stage

dicting the OS of GC patients using univariate analy-
sis. However, multivariate Cox regression analysis
showed that only TNM stage (HR=4.434; 95% CI, 1.-
463-13.435; p=0.008) was an independent prognostic
factor. To evaluate the impact of miR-140-3p and
BCL2 on DFS, Cox regression analysis was performed.
We found that TNM stage, miR-140-3p levels, and
BCL2 mRNA levels were significantly correlated with
DFS probability by univariate analysis, while only
TNM stage was an independent factor verified by mul-
tivariate analysis (Table 3).

MiR-140-3p/BCL2 Regulated Cell

Proliferation and Apoptosis

We intended to verify whether miR-140-3p regulates cell
behavior by targeting BCL2. The miR-140-3p mimic (or
inhibitor) and BCL2-expressing vectors (or si-BCL2-
expressing vectors) were cotransfected into BGC-823 and
MKN45 cells. QPCR was conducted to determine the
transfection efficiency (Figure 4A). We noticed that miR-
140-3p significantly inhibited cell proliferation, and this
phenomenon could be reversed by BCL2. Knockdown of
BCL2 expression impaired the miR-140-3p-induced
increase in cell proliferation (Figure 4B). The results of
an EdU assay also showed that proliferation was inhibited
by miR-140-3p but promoted by BCL2 in GC cells (Figure
4C). MiR-140-3p promoted apoptosis in BGC-823 and
MKN45 cells, whereas BCL2 reversed these effects.
Similarly, silencing BCL2 attenuated the miR-140-3p inhi-
bitor-induced decrease in cell apoptosis (Figure 4D).

MiR-140-3p/BCL2 Regulated Cell
Migration, Invasion and Autophagy

A wound healing assay showed that the relative migration
distance in the miR-140-3p mimic group was lower than
that in the negative control group and that BCL2 reversed
this effect to increase the migration distance. Similarly, the
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Table 2 Cox Univariate and Multivariate Analyses of Overall Survival
Characteristics Univariate Multivariate
HR p value 95% CI HR p value 95% CI
Sex (female vs male) 1.216 0.660 0.508-2.910
Age (<60 vs 260) 1.831 0.159 0.789-4.251
Differentiation (well+moderate vs poor) 1.633 0.253 0.705-3.785
Tumor Size (<5 vs 25 cm) 2.350 0.048 1.008-5.480 2.068 0.138 0.792-5.400
TNM stage (1, Il vs lIl, IV) 5.280 0.003 1.770-15.748 4.434 0.008 1.463-13.435
Nerves (negative vs positive) 2.223 0.152 0.745-6.629
Vessels (negative vs positive) 0.975 0.956 0.396-2.400
Lymph node (NO-1 vs N2-3) 1.559 0.334 0.633-3.840
Tumor site (Antrum vs Cardia) 1.127 0.686 0.632-2.010
miR-140-3p level (high vs low) 2.571 0.052 0.992-6.664
BCL2 level (low vs high) 3.159 0.013 1.271-7.852 2.402 0.062 0.956-6.037
Note: p<0.05 is indicated in bold.
Abbreviations: TNM, tumor-node-metastasis; HR, hazard ratio; Cl, confidence interval; high, high expression; low, low expression.
Table 3 Cox Univariate and Multivariate Analyses of Disease-Free Survival
Characteristics Univariate Multivariate
HR p value 95% ClI HR p value 95% CI
Sex (female vs male) 1.264 0.597 0.529-3.019
Age (<60 vs 260) 1.705 0214 0.735-3.953
Differentiation (well+moderate vs poor) 1.651 0.242 0.713-3.827
Tumor Size (<5 vs 25) 2.284 0.056 0.980-5.326
TNM stage (I, Il vs lIl, IV) 5.322 0.003 1.780-15.913 4.480 0.008 1.473-13.625
Nerves (negative vs positive) 2.291 0.137 0.768-6.829
Vessels (negative vs positive) 1.067 0.888 0.433-2.628
Lymph node (NO-1 vs N2-3) 1.562 0.333 0.633-3.853
Tumor site (Antrum vs Cardia) 1.079 0.874 0.420-2.773
miR-140-3p level (high vs low) 2.700 0.041 1.043-6.990 1.294 0.636 0.446-3.755
BCL2 level (low vs high) 2.836 0.019 1.183-6.799 2.112 0.098 0.870-5.126

Note: p<0.05 is indicated present in bold.

Abbreviations: TNM, tumor-node-metastasis; HR, hazard ratio; Cl, confidence interval; high, high expression; low, low expression.

relative migration distance in the miR-140-3p inhibitor
group was higher than that in the negative control group,
and si-BCL2 reversed this effect to decrease the migration
distance (Figure 5A). A Transwell invasion assay showed
that miR-140-3p decreased the invasive of GC cells and

that reintroduction of BCL2 reversed this effect (Figure
5B). Moreover, we found that the formation of LC3-
labeled vacuoles in the cytoplasm was markedly increased
after transfection of miR-140-3p and could be reversed by
BCL2 (Figure 5C). In addition, we observed increases in
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E-cadherin and Bax and decreases in N-cadherin, reversed by BCL2 (Figure 5D). Our study suggested that
Vimentin and p62 proteins in the miR-140-3p mimic miR-140-3p promotes cellular autophagic death and sup-
group, and BCL2 reversed these effects. MiR-140-3p presses cell motility and EMT, probably by targeting
markedly upregulated the LC3-II/I ratio, which could be = BCL2.
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BECNI Interferes with miR-140-3p-

Regulated Autophagy

Considering that BCL2 may be a regulator of BECN1, we
evaluated the effect of BCL2 on BECNI1 expression. As
shown in Figure 6A, ectopic expression of BCL2 reduced
the protein expression of BECN1, whereas silencing BCL2
elevated BECNI1 protein expression in BGC-823 and
MKN45 cells. Thus, we further validated whether miR-
140-3p regulates BECN1. We discovered that the protein

levels of BECN1 were positively regulated by miR-140-3p
in GC cells (Figure 6B). These data indicated that miR-
140-3p might regulate BECN1 protein expression by tar-
geting BCL2. To investigate whether BECNI1-related
autophagy is involved in miR-140-3p-regulated cell migra-
tion and invasion, GC cells were cotransfected with the
miR-140-3p mimic/inhibitor and si-BECN1/pc-BECNI.
Three siRNAs for knocking down of BECNI were
designed and the most effective siRNA was used to
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knockdown BECNI1 in GC cells (Figure 6C). The results
showed that BECN1 knockdown could reverse the promo-
tion of BECN1 protein expression by miR-140-3p (Figure
6D). In BGC-823 and MKN45 cells, the formation of
LC3-labeled vacuoles was significantly increased in the
cytoplasm after transfection of miR-140-3p and could be
prevented with si-BECN1. The formation of LC3-labeled
vacuoles was significantly decreased after transfection of
the miR-140-3p inhibitor and could be promoted with pc-
BECNI (Figure 6E). Our study indicated that knockdown
of BECNI1 could reverse the promotion of GC cellular
autophagic processes by miR-140-3p.

BECNI Interferes with Cell Motility
Regulated by miR-140-3p in GC Cells

As shown in Figure 7A, a wound healing assay showed
that knockdown of BECNI could reverse the negative
effect of the miR-140-3p mimic on migration distance.
A Transwell invasion assay showed that knockdown of
BECNI1 could reverse the negative effect on GC cell
invasion (Figure 7B). MiR-140-3p markedly upregulated

the LC3-II/I ratio in GC cells, and knockdown of
BECNI reversed this effect to decrease the LC3-1I/1
ratio (Figure 7C). In addition, knockdown of BECNI
decreased the E-cadherin protein levels that were
increased by the miR-140-3p mimic. In contrast, knock-
down of BECNI increased the N-cadherin and Vimentin
protein levels that were decreased by the miR-140-3p
mimic (Figure 7C).

MiR-140-3p regulated tumorigenesis in

a nude mouse model

Pre-miR-140-3p-, anti-miR-140-3p- or negative con-
trol-transfected cell lines were injected into nude
mice. The volumes and weights of tumors in the
miR-140-3p overexpression group were smaller than
those in the corresponding control group, and the
tumor volumes and weights of mouse tumors in the
miR-140-3p-silenced group were higher than those in
the control group (P 0.01;
Figure 8A—C). These data suggested that miR-140-3p
inhibited tumor growth in vivo.
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Discussion

GC metastasis greatly limits treatment success.”* The occur-
rence and progression of GC are closely correlated with
abnormal expression of miRNAs.>?° In the present study,
we discovered that miR-140-3p was underexpressed in GC
tissues and cells. MiR-140-3p has been reported to impede
proliferation and migration in breast cancer.'? In addition,
miR-140-3p is known to suppress cell growth in colorectal
cancer.” In lung cancer, miR-140-3p inhibits cell metastasis
by targeting ATP6AP2'? and ATP8A1.%” A study found that
miR-140-3p inhibits EMT and invasion in hepatocellular
carcinoma by targeting granulin.'® All these studies suggest
that miR-140-3p may have the ability to inhibit progression
in various solid tumors. Our data expanded the knowledge
on miR-140-3p as a tumor suppressor in GC development.
In clinical samples, lower expression of miR-140-3p was
related to an advanced pathological stage and shorter OS
time. We also identified that in BGC-823 and MKN45 cells,

migration, invasion and EMT were inhibited and apoptosis

and autophagy were enhanced after transfection with miR-
140-3p. MiR-140-3p downregulation promoted GC migra-
tion, invasion and EMT and inhibited GC autophagy and
apoptosis. MiR-140-3p inhibited tumor growth, and silen-
cing miR-140-3p promoted tumor growth in vivo. Our
results imply that miR-140-3p may act as a promising prog-
nostic factor and suppressor of GC by decreasing cell pro-
liferation and enhancing cell autophagy.

MiR-140-3p targeting BCL2 was predicted by combined
results from PicTar, miRanda, and TargetScan. Zhu et al
found that BCL2 is a direct target of miR-140-3p in airway
smooth muscle cells.”® We identified BCL2 as a downstream
target of miR-140-3p in BGC-823 cells. BCL2 has been
shown to inhibit cell apoptosis.”® BCL2 is an oncogene that
increases cellular proliferation and inhibits programmed cell
death.?>*° Contrary to the expression of miR-140-3p, BCL2
expression was upregulated in GC tissues and cells, and GC
patients with higher expression of BCL2 had shorter OS
times than those with lower expression. In addition, the
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expression of BCL2 was a significant prognostic factor for
predicting the OS of GC patients. An inverse correlation was
found between miR-140-3p and BCL2 in GC tissues, sug-
gesting that dysregulation of miR-140-3p/BCL2 may have
roles in GC carcinogenesis. Therefore, we speculated that
miR-140-3p may participate in metastasis and autophagy in
GC by targeting BCL2. We found that miR-140-3p upregula-
tion significantly decreased BCL2 mRNA and protein levels
in GC cells. In further experiments on cellular function, we
found that BCL2 inhibited the effect of miR-140-3p over-
expression, suggesting that BCL2 promotes GC cell migra-
tion, invasion and EMT and inhibits GC cell autophagic
death. Our study showed that BCL2 might be a functional
target of miR-140-3p in GC cells.

BECNI was identified as a new binding partner of BCL2
in 1998.>' BECN1 was the first tumor suppressor gene found
to play a part in the lysosomal degradation pathway of
autophagy.®”> A study noted that BCL2 inhibits BECNI-
dependent autophagy.'® Yun Du et al indicated that BCL2
downregulation induced BECNI-dependent autophagy in
human SGC-7901 cells.*® Thus, we intended to study
whether BCL2 regulates BECNI in our study. We showed

that BCL2 inhibited BECNI1 protein expression in GC cells,
whereas miR-140-3p promoted BECN1 protein expression.
In further experiments on cellular function, we found that
silencing BECN1 could reverse the effect of miR-140-3p
overexpression, suggesting that BECN1 promotes GC cell
autophagy and inhibits GC cell migration, invasion and
EMT. These results suggested that miR-140-3p indirectly
promotes BECN1 expression by directly inhibiting the
expression of BCL2. Furthermore, BECN1-dependent autop-
hagy activation inhibits GC progression and metastasis.
Activation of EMT is generally seen in a variety of malig-
nancies, including GC.>* Autophagy can inhibit cancer
metastasis by blocking EMT.* Our study indicated that
miR-140-3p might inhibit EMT by inducing BECNI-
dependent autophagy and thus impeding GC metastasis.
Overall, miR-140-3p may impede GC progression and
metastasis by regulating the BCL2-BECN 1-autophagy axis.

In summary, we discovered that miR-140-3p was
downregulated in GC and associated with an advanced
tumor stage and a poor prognosis. MiR-140-3p directly
targets BCL2, which reverses the inhibitory effects of
miR-140-3p on cell proliferation, migration, and invasion
and the promotive effects of miR-140-3p on cell apoptosis
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and autophagy. In addition, we found that BECNI is
regulated by miR-140-3p/BCL2. MiR-140-3p was found
to inhibit cell migration, invasion, and EMT by regulating
BECNI-related autophagy (Figure 8D). Our data suggest
that miR-140-3p acts as a promising tumor suppressor in
GC by targeting BCL2, thereby regulating BECNI-
regulated autophagy, providing a new therapeutic strategy
for the treatment of GC.
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