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Abstract

AIM

To explore the effect of miR-382 on esophageal
squamous cell carcinoma (ESCC) /n vitro and its
possible molecular mechanism.

METHODS

Ecal09 cells derived from human ESCC and Het-
1A cells derived from human normal esophageal
epithelium were used. Lentivirus-mediated miR-382 was
overexpressed in Ecal09 cells. The effect of miR-382
on cell proliferation was evaluated by MTT and colony
formation assay. For cell cycle analysis, cells were
fixed and stained for 30 min with propidium iodide
(PI) staining buffer containing 10 mg/mL PI and 100
mg/mL RNase A, and analyzed by BD FACSCalibur™
flow cytometer. For cell apoptosis assay, cells were
stained with an Annexin V-FITC/PI Apoptosis Detection
Kit according to the manufacturer’s instructions and
analyzed by a dual-laser flow cytometer. Cell invasion
and migration abilities were determined through use
of transwell chambers, non-coated or pre-coated with
matrigel. Levels of proteins related to cell growth and
migration were examined by western blotting.
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RESULTS

Endogenous miR-382 was down-regulated in Ecal09
cells compared with Het-1A. Introduction of miR-382
not only significantly inhibited proliferation and colony
formation, but also arrested cell cycle at the G2/M
phase, as well as promoted apoptosis and autophagy
in Ecal09 cells. Migration, invasion and epithelial-
mesenchymal transition of Eca109 cells were suppressed
by overexpressing miR-382. Western blotting results
showed that miR-382 inhibited the phosphorylation of
mTOR and 4E-BP1.

CONCLUSION

miR-382 functions as a tumor suppressor against ESCC
development and metastasis, and could be considered
as a potential drug source for the treatment of ESCC
patients.

Key words: miR-382; Esophageal squamous cell
carcinoma; Tumor suppressor; Proliferation; Migration;
Invasion

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our previous study revealed that miR-382 was
significantly down-regulated in esophageal squamous
cell carcinoma (ESCC) patients with short-term motility,
implying that miR-382 may display antitumor function
in ESCC development and metastasis. We present
here that miR-382 functions as a tumor suppressor
by inhibiting proliferation, migration, invasion and
epithelial-mesenchymal transition, in addition to
inducing cell cycle arrest, apoptosis and autophagy in
Ecal09 cells. Inhibitory influence on protein translation
mediated by mTOR/4E-BP1 signhaling might be
involved in the antitumor activity of miR-382 against
ESCC. Thus, manipulation of miR-382 level can be a
potentially therapeutic intervention for ESCC.
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INTRODUCTION

MicroRNAs (miRNAs) are classes of small non-
coding, 17-25 nucleotides long, RNAs that bind to the
3’-untranslated region of target genes to induce post-
transcription suppression or translational repression.
Evidence has demonstrated that miRNAs as either
oncogenes or tumor suppressors are frequently
dysregulated in many types of cancers and linked with
its diagnosis and prognosis, implying that miRNAs
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play a substantial role in the pathogenesis of human
cancers®?,

Esophageal cancer (EC) is one of the most common
human malignancies™ and can be pathologically
classified into two major types, called esophageal
squamous cell carcinoma (ESCC) and adenocarcinoma'™.
It is especially prevalent among Asian populations,
with the most common type (90%) of EC in Asian
countries being ESCC!. Despite improvement in
diagnosis and treatment, ESCC has become one of the
major diseases that negatively impact overall health
and quality of life, as manifested by its rising incidence
and poor 5-year survival rate (19%)"). ESCC is a
complicated disease related to chromosomal instability,
epigenetic variability, and expression abnormalities of
genes, including both coding and noncoding genes™.,

miRNA as a noncoding gene has been demonstrated
as having an expression signature associated with
ESCC development and progression™®®. In our previous
report, miRNA profiling results showed that 46 miRNAs
were differentially expressed in ESCC tissues vs non-
tumorous esophageal tissues, with further research
demonstrating that four of these miRNAs affect the
direction of patient outcomes"®. These results imply
that altered expression of these miRNAs may be
potential predictive biomarkers for both prognosis and
treatment of ESCC.

MicroRNA-382 (miR-382) is a member of the
metastatic signature found in our previous study.
Recent studies have demonstrated that miR-382 is
dysregulated in multiple types of cancer, including
breast, osteosarcoma, colorectal and ovarian
cancers™™, We found that miR-382 was significantly
down-regulated in ESCC patients with short-term
motility. Accordingly, in conjunction with relevant
literature, our results indicate that low levels of miR-382
may contribute to the development and metastasis of
ESCC!™®. However, the possible roles and mechanisms
of miR-382 in human ESCC are still not well established.

In the present study, we found that miR-382
expression in the ESCC cell line was lower than that
of the normal esophageal epithelial cell line. We
determined a functional role of miR-382 in ESCC
tumor progression using the in vitro cell model by
lentivirus-mediated miR-382 overexpression. We found
that overexpression of miR-382 inhibited ESCC cell
proliferation by promoting cell cycle arrest at the G2/M
phase as well as at apoptosis. Moreover, we observed
that overexpression of miR-382 suppressed ESCC cell
migration and invasion via the mechanism associated
with blocking the epithelial-mesenchymal transition
(EMT) process. The mammalian target of rapamycin
(mTOR)/translation repressor 4E binding protein 1
(4E-BP1) signaling pathway and autophagy process
might be involved in the antitumor activity of miR-382
on ESCC cells. Our study provides the evidence that
miR-382 functions as a tumor suppressor against the
development and metastasis of ESCC.
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MATERIALS AND METHODS

Reagents and antibodies
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT), the Propidium Iodide (PI) Cell Cycle
Assay Kit and the Annexin V-FITC/PI Apoptosis
Detection Kit were purchased from Beyotime (Jiangsu,
China). The All-in-One™ First-Strand cDNA Synthesis
Kit, the All-in-One™ miRNA gRT-PCR Detection Kit and
miRNA primers were purchased from Genecopoeia
(Rockville, MD, United States). DMEM and fetal bovine
serum were obtained from Thermo Fisher Scientific
(Waltham, MA, United States). All primary antibodies
including p21Cipl/Wafl, E-cadherin, B-catenin,
vimentin and snail, mTOR, p-mTOR (Ser2448), p-4E-
BP1 (Thr37/46), LC3 and B-actin were purchased
from Cell Signaling Technologies (Danvers, MA, United
States). All other common chemicals and buffers were
from Boster (Wuhan, China).

Cell culture and lentivirus infection

Ecal09 and Het-1A were obtained from Cobioer
Biosciences (Nanjing, China). Both cell lines were
cultured in DMEM medium containing 10% fetal bovine
serum in a humidified atmosphere under 5% CO:at 37
°C. Lentiviral vectors LV10-(U6/RFP & Puro) expressing
a scrambled control (LV-Con) and mature miR-382
(MIMAT0000737, 5'GAAGUUGUUCGUGGUGGAUUC
G3’, LV-miR-382) were generated by GenePharma
(Shanghai, China). The virus infection was carried
out according to GenePharma’s recommendations.
Expression of mature miR-382 was confirmed by real-
time reverse transcription (RT)-PCR.

RT and quantitative (q)PCR

Total RNA was isolated using TRIzol reagent from
Ambion (Austin, TX, United States) according to
the manufacturer’s protocol. The All-in-One™ First-
Strand cDNA Synthesis Kit and the All-in-One™
miRNA gPCR Detection Kit were used for RT and qPCR
respectively, and RT-qPCR was performed through
Applied Biosystems QuantStudio™ 6 Flex Real-Time
PCR System (Applied Biosystems, Foster City, CA,
United States). Expression of U6 was used to normalize
the miR-382 level.

Cell proliferation and colony formation assay

MTT was used to measure cell proliferation. Eca109
cells (4 x 10° cells /well) were seeded in 96-well
culture plates and incubated overnight at 37 C in a
humidified 5% CO: incubator. At an indicated time,
10 uL of MTT dye was added to each well at a final
concentration of 5 mg/mL. After 4 h incubation, the
blue MTT formazan crystal was then dissolved in 100
uL/well of DMSO. The absorbance at 490 nm was
measured on Multisken Spectrum (Thermo Fisher
Scientific) microplate reader. The amount of viable
cells after infection with LV-miR-382 and LV-Con was
measured in triplicate. For the colony formation assay,
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cells were seeded into a 6-well plate with 1 x 10’
cells/well. After 10 d of culturing, cells were washed
twice with phosphate-buffered saline (PBS), then fixed
with 4% paraformaldehyde for 15 min and stained
with 0.5% crystal violet. The number of colonies was
calculated by use of Image] software. The experiment
was performed in triplicate.

Cell cycle and apoptosis analyses

Cells were seeded into a 35-mm dish with 1 x 10°
cells/dish. After 72 h, harvested cells were washed with
cold PBS for three times and fixed in 70% ethyl alcohol
at 4 'C overnight. Cells were then treated with 10 ug/
mL RNase and stained with 50 ug/mL PI for 30 min at
room temperature in the dark. The cell cycle was then
measured by BD FACSCalibur™ (BD Biosciences, San
Jose, CA, United States) and the cell cycle distribution
was analyzed by ModFit software (BD Biosciences).
For the apoptosis analysis, cells were stained using the
Annexin V-FITC/PI Apoptosis Detection Kit according
to the manufacturer’s instructions. The apoptotic cells
were detected by BD FACSCalibur™.

Transwell migration and invasion assay

A 24-well plate was used as a “feeder tray”. For the
migration assay, 6.5-mm transwell chambers with
8 um micro-pores (Corning Costar, Manassas, VA,
United States) were used. For the invasion assay, the
same filters were pre-coated with BD Matrigel (BD,
Franklin Lakes, NJ, United States). A total of 60 uL
of 1 mg/mL matrigel was briefly added on top of the
filter into the upper chamber of each 24-well transwell
and incubated at 37 °C for 8 h, followed by removal
of the excess solution. In both migration and invasion
tests, 200 pL of cell suspension (at 1 x 10° cells/mL)
in serum-free medium was seeded on top of the filter,
which was then immersed into the feeder tray and
incubated at 37 °C in 600 uL of complete medium.
After allowing the cells to migrate for 24 h, the non-
migrated cells or non-invaded cells on the upper
surface of each membrane were cleaned with a cotton
swab. Cells adhering to the bottom surface of each
membrane were fixed and stained with 0.1% crystal
violet. Migrated or invaded cells in five different fields
were counted through a phase contrast microscope.
Both the migration assay and invasion assay were
performed three times using triplicate wells.

Western blot analysis

Cell lysates were prepared with RIPA lysis buffer
(50 mmol/L Tris-HCI, 150 mmol/L NaCl, 0.1% SDS,
1% NP40, 0.5% sodium deoxycholate, 1 mmol/L
phenylmethylsulfonyl fluoride, 100 ummol/L leupeptin,
and 2 pug/mL aprotinin, pH 8.0). A total of 30 ug protein
extract was subjected to sodium dodecyl sulfate-
polyacrylamide gel and transferred onto nitrocellulose
membranes (Amersham Biosciences, Piscataway, NJ,
United States). After blocking with 5% nonfat dry milk,
membranes were incubated at 4 ‘C overnight with each
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Figure 1 miR-382 was down-regulated in the esophageal squamous cell
carcinoma cell line Eca109. A: The expression of miR-382 in Het-1A cells
and Eca109 cells was examined by RT-qPCR; B: The relative expression
level of miR-382 after introduction of either lentivirus-mediated miR-382 (LV-
miR-382) or lentivirus-mediated scrambled control (LV-Con) into Eca109 cells
was examined by RT-gPCR. The data in A and B is expressed as mean + SD
of three independent experiments. °P < 0.01, vs control. ESCC: Esophageal
squamous cell carcinoma.

of the following primary antibodies: p21Cip1/Waf1l,
E-cadherin, B-catenin, vimentin, snail, mTOR, p-mTOR
(Ser2448), p-4E-BP1 (Thr37/46), LC3 (all 1:1000
dilution) and p-actin. Membranes were then washed
with PBS-Tween and incubated with horseradish
peroxidase-conjugated secondary antibodies. After
incubation, the membranes were washed three times
with Tris-buffered saline-Tween and processed with the
SuperSignal West Pico Chemiluminescent Substrate
Detection Kit (Thermo Fisher Scientific) in accordance
with the manufacturer’s instructions. Chemiluminescent
detection of western blots was performed using the
Amersham™ Imager 600 System (GE Healthcare Bio-
Sciences, Pittsburgh, PA, United States).

Statistical analysis

Data was analyzed using Student’s t-test, and all
data was expressed as the mean = SD. P < 0.05 was
considered statistically significant.

RESULTS

Endogenous miR-382 was down-regulated in Eca109
cells

We have previously shown that miR382 level was
explicitly down-regulated in ESCC patients with poor
outcome compared to those with good outcome.
However, the functional role of miR-382 in human ESCC
remains elusive. In this study, we sought to confirm the
miR-382 down-regulation in the Eca109 cell line derived
from human ESCC tissue compared to the Het-1A cell
line derived from human normal esophageal epithelium.
As shown in Figure 1A, endogenous miR-382 in
Ecal09 was 7.69-fold lower than that in Het-1A cells
(P < 0.01). This result is consistent with our previous
clinical finding. In order to further explore the function
of miR-382, Ecal09 cells were infected with lentivirus-
mediated miR-382 (LV-miR-382). As indicated in Figure
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1B, miR-382 levels of LV-miR-382 infected Ecal09 cells
were 24153.06-fold higher than that of LV-Con control
cells. Therefore, we utilized this in vitro cell model to
investigate the functional role of miR-382 in ESCC
progression in the following experiments.

miR-382 inhibited Eca109 cell proliferation and colony
formation

As the expression of endogenous miR-382 in Ecal09
cells was down-regulated, we speculated that miR-382
might affect the proliferation rate of ESCC cells. Thus,
we examined the effect of overexpression of miR-382
on the proliferation of Eca109 cells. As shown in Figure
2A, the cell proliferation rate of miR-382 overexpressed
Ecal09 cells was significantly inhibited when compared
with that of the control cells at the 72-h culture time
point (LV-miR-382 vs LV-Con, 312.01 £+ 27.53 vs
176.76 £ 18.49, P < 0.01). Moreover, colony formation
assay shown in Figure 2B and C showed that enforced
expression of miR-382 resulted in a more than 69%
decrease in colony numbers in miR-382 overexpressed
Ecal09 cells compared with control cells (LV-miR-382 vs
LV-Con, 421.00 + 41.24 vs 127.33 + 27.46, P < 0.01).
These results indicated that miR-382 inhibited Eca109
proliferation in vitro.

miR-382 induced cell cycle arrest at G2/M phase and
apoptosis

To elucidate the possible mechanisms by which
miR-382 inhibited the proliferation of ESCC cells, we
studied the impact of miR-382 on Ecal09 cell cycle
progression and apoptosis. The cell cycle distribution
analyzed by flow cytometry showed that the cell
number at G2/M phase was increased in LV-miR-382
infected cells compared with LV-Con cells (LV-miR-382
vs LV-Con, 100% £ 10.14% vs 215% £ 16.60%,
P < 0.05; Figure 3A-C). Western blot analysis was
performed to determine the expression of p21Cipl/
Wafl, which is an important negative cell cycle re-
gulator. The result in Figure 3D clearly indicated that
the expression level of p21Cipl/Wafl was augmented
by miR-382 overexpression. These data suggested that
the miR-382-induced cell cycle arrest at G2/M phase in
Ecal09 cells may be mediated through p21Cip1/Wafl
down-regulation.

To investigate whether the anti-proliferative
activity of miR-382 was related to an apoptotic effect,
apoptosis was determined by flow cytometry after
double staining with Annexin-V FITC/PI. As shown in
Figure 4, either early or late apoptotic cell number of
LV-miR-382 infected cells was clearly increased when
compared to control cells (early: LV-miR-382 vs LV-
Con, 1.00 £ 0.09 vs 5.50 £ 0.00, P < 0.05; late: LV-
miR-382 vs LV-Con, 1.00 £ 0.72 vs 14.57 £ 1.84, P <
0.01). These results suggested that the miR-382 inhibi-
tory effect of miR-382 on Ecal09 proliferation may be
related to increased G2/M cell cycle arrest and active
apoptosis.
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Figure 2 miR-382 inhibited Eca109 cell proliferation and colony formation. A: The proliferation of miR-382 overexpressed Eca109 cells and LV-Con control cells
was measured by MTT. The Y-axis represents the relative number of viable cells presented as mean + SD, °P < 0.01; B: Representative photomicrographs show the
colony formation in cultured LV-Con Eca109 cells and LV-miR-382 Eca109; C: Data is presented as mean + SD, °P < 0.01.
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Figure 3 miR-382 induced cell cycle arrest at G2/M phase in Eca109 cells. A and B: Cell cycle distribution of miR-382 overexpressed Eca109 cells and control
cells was analyzed by flow cytometry at post-culture 48 h; C: Relative cell distribution percentage of LV-miR-382 expressed Eca109 cells to LV-Con control cells in
each cell cycle phase. The data presented is mean + SD of three independent experiments. *P < 0.05, vs control; D: Protein expression level of p21Cip1/Waf1 was
examined in LV-Con Eca109 cells and LV-miR-382 Eca109 cells. B-actin was as a loading control.
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Figure 4 miR-382 promoted the apoptotic process in Eca109 cells. A: Apoptosis of LV-Con Eca109 cells and LV-miR-382 Eca109 cells was a negative cell cycle
regulator, as measured using flow cytometry; B: Apoptotic cell values were expressed as mean + SD of three experiments. °P < 0.05 and °P < 0.01, vs control.
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Figure 5 Overexpression miR-382 inhibited migration, invasion and epithelial-mesenchymal transition in Eca109 cells. A: Representative photomicrographs
showed migrated cells stained with crystal violet after post-culture for 24 h in the transwell migration assay. The bars represent 200 pum; B: The migrated cells in five
different fields were counted and the Y-axis represents the migrated cell number from three independent experiments. Data is presented as mean + SD, °P < 0.01; C:
Representative photomicrographs showing invaded cells stained with crystal violet after post-culture for 24 h in the transwell invasion assay. The bars are 200 um; D:
The invaded cells in five different fields were counted and the Y-axis represents the invaded cell number from three independent experiments. Data are presented as
mean + SD, °P < 0.05; E: Western blot analysis of the expression of epithelial marker E-cadherin, and mesenchymal markers B-catenin, vimentin and snail in Eca109

cells infected with LV-miR-382 or LV-Con(c). -actin served as a loading control.

miR-382 inhibited Eca109 cell migration and invasion
Cancer metastasis is greatly associated with cancer cell
migratory and invasive abilities. To further investigate
the influence of miR-382 over the migration and
invasion of ESCC cells, migration transwell assay was
initially performed to determine the migratory ability
of the cells. As shown in Figure 5A and B, in the group
infected with LV-miR-382 the rate of cell migration
into the bottom chamber was significantly reduced
by 32% compared with that of the scrambled control
cells (LV-Con vs LV-miR-382, 433.50 £ 20.72 vs
292.25 £ 18.02, P < 0.05). Subsequently, matrigel
invasion assay, a three-dimensional model, was
utilized to investigate the inhibitory effect of miR-382
on the invasive potency of the cells. The result shown
in Figure 5C and D demonstrates that miR-382
significantly suppressed invasion of Ecal09 cells by
54% (LV-Con vs LV-miR-382, 603.80 + 64.46 vs
273.80 £ 54.99, P < 0.01). These data indicated that
miR-382 exerted an inhibitory effect on the migration
and invasion of ESCC cells.

The role of miR-382 in regulating EMT was further
studied by investigation of the protein expression
of several key EMT effectors, including E-cadherin,
B-catenin, vimentin and snail. Interestingly, miR-382
attenuated expressions of three mesenchymal markers
(B-catenin, vimentin and snail). Moreover, we also
observed that the expression of E-cadherin, which is one
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of the epithelial markers, was significantly augmented
in LV-miR-382 cells, as shown in Figure 5E. Taken
together, these results suggested that the inhibitory
effect of miR-382 on the migration and invasion of
ESCC cells may be mediated through restraining EMT
processes in ESCC.

miR-382 inhibited mTOR signaling pathway and
activated autophagy process

mTOR plays a key role in cell growth and homeostasis
and may be abnormally regulated in tumors. To
address the functional activation of mTOR regulated
by miR-382, western blot analyses were performed
to examine the phosphorylation level of both mTOR
and 4E-BP1, a target of mTOR known to bind to
translation initiation factor eIF4E to inhibit cap-
dependent translation. Overexpression of miR-382
noticeably inhibited the phosphorylation of both mTOR
(Ser2448) and 4E-BP1 (Thr37/46) (Figure 6). Previous
studies have indicated that autophagy has roles in
various cellular functions, including cell proliferation
and apoptosis. During autophagy, LC3-I is converted
to LC3-II and recruited into the membrane of the
phagophore, a double membrane required for the
recycling of protein aggregates and organelles. To
determine whether miR-382 might induce autophagy
in Ecal09, we examined the level of LC3 protein in LV-
miR-382 infected Ecal09 cells and control cells. As
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Figure 6 miR-382 inhibited mTOR and 4E-BP1 phosphorylation and
activated autophagy. p-mTOR, mTOR, p-4E-BP1 and LC3 were evaluated by
western blot. Experiments were performed in triplicate. Equal protein loading
was confirmed by B-actin.

shown in Figure 6, increased levels of either LC3-I or
LC3-II were detected in LV-miR-382 cells compared
to control cells, indicating that miR-382 activated
the autophagy process. These data suggested that
inhibition of the mTOR/4E-BP1 signaling pathway
together with activation of the autophagy process may
be important targets of miR-382 actions.

DISCUSSION

Accumulating evidence has revealed that miRNAs
participate in the initiation and progression of human
cancers. Thus, exploration of cancer-specific miRNAs
contributes to the identification of novel biomarkers
and therapeutic targets for human cancers. To date,
correlation analyses between miRNAs and ESCC have
shown that a number of dysregulated miRNAs levels
correlate with ESCC patients’ outcomes.

Human miR-382 (has-mir-382, MIMAT0000737,
5-GAAGUUGUUCGUGGUGGAUUCG-3’) resides in a
miRNA cluster in the imprinted DLK1-DIO3 region on
the 14q32 locus, which hosts one of the largest miRNA
clusters in the genome. Many of these miRNAs are
differentially expressed in several pathologic processes
and various cancers, with recent studies reporting
that miR-382 is aberrantly regulated in several types
of human malignancies. miR-382 levels were found to
be decreased in ovarian cancer'®! and osteosarcoma,
but increased in breast cancer'® and acute myeloid
leukemia tumor tissue™”). Based off these findings, the
role of miR-382 in tumor development and metastasis
is heterogeneous and it functions in a cell-driven and
tissue-driven manner.

Our earlier study discovered that decreased miR382
expression in tumor tissues from ESCC patients was
clinically correlated with short-term motility, and
significantly linked to poor patient outcome. This
indicates that miR-382 may play antitumor functions
in esophageal carcinogenesis, and could be a potential
predictive biomarker for ESCC prognosis. On the other
hand, the mechanism by which miR-382 functionally
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affects ESCC phenotype has not been elucidated;
therefore, in this study, we began by evaluating
the expression of endogenous levels of miR-382 in
Ecal09 tumor cell line and Het-1A normal esophageal
epithelia cell line. Consistent with our previous clinical
results, we found that miR-382 was reduced in Ecal09
cells compared with Het-1A. Moreover, we found
that lentivirus-mediated overexpression of miR-382
significantly inhibited Eca109 cell proliferation, colony
formation, migration and invasion. These findings
together with our previous result suggest that miR-382
functions as a tumor suppressor in ESCC.

Cell cycle arrest and apoptosis are closely linked
to cell proliferation in mammalian cells. In the present
study, we found that overexpression of miR-382
significantly increased initiation of cell cycle arrest at
G2/M phase and promoted the apoptotic process of
Ecal09 cells. Therefore, the inhibitory influence of
miR-382 on Ecal09 proliferation seems to be related
with increased G2/M cell cycle arrest and active
apoptosis. In addition, it is known that cell cycle pro-
gression and apoptosis are regulated by numerous
proteins, with one of these proteins being the cyclin-
dependent kinase inhibitor p21Cip1/Wafl, which
facilitates cell cycle arrest in response to a variety of
stimuli’®®, Our results showed that miR-382 clearly
increased p21Cipl/Wafl expression, indicating that
the miR-382-induced cell cycle arrest in G2/M phase
may occur through regulation of p21Cip1/Waf1.

EMT comprises the process by which epithelial
cells are transited into mesenchymal cells, and
display reduced intracellular adhesion and increased
motility!*?!. Most evidence supports EMT playing
the integral roles through which epithelial cancers
invade and metastasize. The EMT process is related
to a number of cellular and molecular events and is
accompanied by the loss of epithelial markers (e.g.,
E-cadherin) and the gain of mesenchymal markers
(e.g., vimentin, B-catenin and snail). Our study
showed that miR-382 inhibited Ecal09 cell migration,
as well as invasion in vitro. Overexpression of miR-382
enhanced the level of E-cadherin and reduced levels
of vimentin, B-catenin, and snail. Accordingly, these
data indicated that miR-382 might suppress the EMT
process, so that Ecal09 cell invasion and metastasis
may be restrained.

Autophagy is a catabolic process for proteolytic
degradation of damaged intracellular proteins and
organelles in lysosomes. Autophagy dysfunction is
associated with multiple human diseases, such as
cancer. It has been reported that autophagy deficiency
promotes cell proliferation, migration and invasion.
Our data revealed that overexpression of miR-382 was
able to up-regulate the expression of two distinctive
hallmarks of autophagy, LC3-I and LC3-11*", in Eca109
cells, implying that miR-382 could induce autophagy in
Ecal09 cells.

Regulation of translation is critical for controlling
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many major cellular processes, including cell pro-
liferation, apoptosis and metastasis. The mTOR
signaling pathway plays a pivotal role in regulation
of the translation process, with one of the best-
characterized downstream effectors of mTOR being
4E-BP1. mTOR phosphorylates 4E-BP1, which pro-
motes the dissociation of eIF4E from 4E-BP1, conse-
quently alleviating the inhibitory effect of 4E-BP1 on
elF4E-dependent translation initiation™". Therefore,
overall translation levels are lowered when 4E-BP1
is active, which is thought to be regulated by mTOR-
dependent phosphorylation. Our results showed that
miR-382 dramatically inhibited the phosphorylation of
mTOR as well as 4E-BP1. These results indicated that
miR-382 might suppress the overall protein translation
process through mTOR/4E-BP1, and could potentially
function as a tumor suppressor against ESCC.

In conclusion, our results indicated that miR-382
was dramatically down-regulated in ESCC cells.
Overexpression of miR-382 inhibited proliferation,
migration and invasion of Ecal09 cells. mTOR/4E-
BP1 signaling mediated inhibitory influence on protein
translation and may be involved in the antitumor
activity of miR-382 against esophageal cancer. Our
results could provide insights into a new therapeutic
strategy for the treatment of ESCC through the up-
regulation of miR-382 expression.

COMMENTS

Background

MicroRNAs (miRNAs) are classes of small non-coding RNAs involved in the
process of silencing gene expression. Evidence has shown that miRNAs are
frequently dysregulated in many types of cancers and play a substantial role
in the pathogenesis of human cancers. They previously found that miRNA-382
(miR-382) was significantly down-regulated in esophageal squamous cell
carcinoma (ESCC) patients with short-term motility, implying that miR-382 may
contribute to the development and metastasis of ESCC. However, the possible
roles and mechanisms of miR-382 in human ESCC are still not well established.

Innovations and breakthroughs

This study revealed that endogenous miR-382 was dramatically down-regulated
in ESCC cells in comparison to normal esophageal epithelial cells. This is
consistent with our previous clinical data. Overexpression of miR-382 inhibited
cell proliferation, migration and invasion of Eca109 cells. The mTOR/4E-BP1
signaling-mediated inhibitory influence on protein translation might be involved
in the antitumor activity of miR-382 against esophageal carcinoma.

Applications

This study suggests that the miR-382 is down-regulated in ESCC and plays an
inhibitory role in the growth and invasion of ESCC. Because of this, miR-382
is considered a tumor suppressor of ESCC and provides new insights into a
possible therapeutic strategy for ESCC through the up-regulation of miR-382
expression.

Terminology

Previous literature indicates that miR-382 was reduced and associated with
poor survival in osteosarcoma patients. In contrast, increased miR-382 levels
were found in acute myeloid leukemia tumor tissue. These findings illustrate the
role of miR-382 in tumor development and metastasis as a heterogeneous one
that is cell-driven and tissue-driven.
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This is an interesting topic aiming to reveal more advanced and detailed
functions of miR-382 on ESCC. The authors demonstrated that overexpression
of miR-382 inhibited cell proliferation and invasion, and induced cell apoptosis
and cell autophagy. The antitumor activity of miR-382 might be initiated by
inhibition of an mTOR/4E-BP1-mediated protein translation process. Thus,
manipulation of miR-382 level is a potential therapeutic strategy for ESCC.
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