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Abstract: Esophageal squamous cell carcinoma (ESCC) is the predominant pathological type of esophageal carci-
noma in Asia. MicroRNAs (miRNAs) are a class of 19-22-nucleotide non-coding RNAs acting on target mRNAs that
function as either oncogenes or anti-oncogenes. It has been confirmed that miR-373 expression varies among dif-
ferent tumor types. However, its mechanism is still unclear in ESCC. In our current study, we found that miR-373
expression was upregulated in ESCC tissues compared with matched adjacent normal tissues, as well as in the
plasma of ESCC patients compared with that of healthy volunteers. Overexpression of miR-373 in ECA109 cells en-
hanced proliferation, G1-phase cell proportion, migration, and invasion. On the other hand, suppression of miR-373
in KYSE410 cells decreased proliferation, G1-phase cell proportion, migration, and invasion and also improved cell
apoptosis. Moreover, we found that TIMP3, which was reported to suppress invasion and metastasis of ESCC, was
a direct target of miR-373. Overexpression of miR-373 in ECA109 caused a reduction of TIMP3 mRNA and protein,
whereas suppression of miR-373 in KYSE410 led to an increase of TIMP3 mRNA and protein. Introducing TIMP3
in miR-373 over-expressed cells or knocking down TIMP3 in miR-373 suppressed cells could partially abrogate the
effect of miR-373 on migration and invasion. Therefore, these results prove that as an oncogene, miRNA-373 would

be an important and reliable biomarker for ESCC diagnosis and treatment by targeting TIMP3.
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Introduction

Esophageal carcinoma (EC) is the eighth lead-
ing cancer worldwide and is characterized by its
high mortality rate, with a less than 15% 5-year
survival rate [1]. Esophageal squamous cell
carcinoma (ESCC) is the predominant patho-
logical type of esophageal cancer in East Asia
[2], which has a high tendency for recurrence
and metastasis. The patients of intermediate
and advanced stage have no other choice than
to receive radiotherapy and chemotherapy,
which themselves are not very effective.
However, due to a lack of apparent symptoms
and early detecting methods, the patients are
often diagnosed at a late stage. Therefore, it is
of great importance to find an effective molecu-
lar diagnostic method to detect subclinical
esophageal carcinoma.

MicroRNAs (miRNAs) affect multiple pathways
by binding to specific sites at 3’-UTR (3’-untrans-
lated region) of target mRNAs [3]. miRNAs play
an important role in regulating cellular differen-
tiation [4], proliferation [5], aggressiveness [6],
angiogenesis [7], and apoptosis [8]. Abnormity
of miRNAs are closely related to the occurrence
of a variety of tumors, such as bladder cancer
[9], pancreatic cancer [5] and lung cancer [10].
miRNAs function as either oncogenes or anti-
oncogenes and show variable expression in dif-
ferent types of human cancer. It was found that
miR-373 was upregulated (tumor > 1.5-fold nor-
mal) in ESCC tumors by microarray analysis
[11]. As an oncogene, miR-373 can regulate cell
cycle by targeting PPP6C and promotes the
growth activity of HCC cells in vitro [12]. miR-
373 suppresses invasion and metastasis by
targeting Rab22a gene in human ovarian can-
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cer, which serves as a new potential therapeu-
tic target in epithelial ovarian cancer [13].
However, the mechanism of miR-373 in ESCC is
still unclear.

Recent studies have shown that there is a close
relationship between tissue inhibitor of metal-
loproteinases-3 (TIMP3) and malignant tumors.
As a member of the TIMP family, TIMP3 is a
tumor suppressor that inhibits matrix metallo-
proteinases (MMP). Abnormal expression level
of TIMP3 can disrupt the balance between
MMP and TIMP. Low expression of TIMP3 can
facilitate tumor growth [14], angiogenesis [15],
invasion [16], and metastasis [17] and sup-
press apoptosis [18]. TIMP3 could be a promis-
ing biomarker of independent prognostic factor
in bladder cancer [19] and esophageal squa-
mous cell carcinoma [20] as well as early detec-
tion of head and neck cancer recurrence [21]. It
plays important roles on different cancers,
such as breast cancer [22], colorectal cancer
[23], hepatocellular carcinoma [24], and glio-
blastoma [25].

In this study, we showed that miR-373 was
upregulated in ESCC tissues and ESCC patients’
plasma. There was a significant inverse correla-
tion between miR-373 and TIMP3 mRNA. We
identified TIMP3 as a direct target of miR-373
and showed that miR-373 promotes migration
and invasion in human esophageal squamous
cell carcinoma by inhibiting TIMP3 expression.

Materials and methods
Patients, samples, cell lines, and cultures

This study was approved by the Institutional
Ethics Committee of Taian Central Hospital.
Written informed consent was obtained from
each participant. The study included 63
patients who were first diagnosed with ESCC in
Taian Central Hospital (Taian, Shandong, China)
from October 2012 to September 2014.
Peripheral blood (10 ml) was collected from
each patient before surgery. ESCC tissues and
adjacent normal tissues (5 cm away from
tumor) were collected from patients after resec-
tion in the operating room. All the patients had
no chemotherapy or radiotherapy before sur-
gery. Plasma samples were also collected as a
control from 39 healthy volunteers. The sam-
ples were snap-frozen in liquid nitrogen after
resection and stored at -80°C before
processing.

Four human ESCC cell lines (EC9706, KYSE410,
ECA109, TE-1) were cultured in RPMI-1640
medium (Hyclone, Logan, Utah) supplemented
with 10% fetal bovine serum (FBS, Hyclone)
and 0.2% penicillin-streptomycin (Invitrogen,
Carlsbad, CA). All the cells were maintained in a
37°C, 5% CO, incubator. ECA109 and TE-1 were
maintained in our laboratory (Shandong Cancer
Hospital and Institute, Shandong, China).
KYSE410 and EC9706 were purchased from
Shanghai Cell Bank of Chinese Academy of
Sciences (Shanghai, China).

Cell transfection

Approximately 5-6x10° cells (0.2 ml) in the log-
arithmic phase of growth per well were seeded
and cultured in 6-well plates with 2.2 ml appro-
priate culture medium containing serum and
antibiotics shortly before transfection. For each
well, 0.6-1.8 yl mimics (20 uM) (GenePharma,
Shanghai, China) which would enhance the
level of miR-373 was diluted in culture medium
without serum to achieve a final concentration
of 5-15 nM. And inhibitor (20 uM) which would
lessen the level of miR-373 was diluted to
reach a final concentration of 50-150 nM. To
the mixture, 12 ul HiPerFect Transfection
Reagent (Qiagen, Hilden, Germany) was added.
Finally, the complexes were added to the cells
5-10 min after mixing. Transfection efficiency
was measured by flow cytometry 48 h later. The
optimal transfection efficiency was about 94%
when the final concentration of mimics was 15
nM and the inhibitor’s final concentration was
150 nM. The cells were harvested for the next
analysis after transfection for 48 h. All experi-
ments were performed in triplicate.

RNA extraction

All the experimental apparatus were RNase-
free. Total RNA was isolated from ESCC tissues,
adjacent normal tissues, and processed cells
using miRNeasy Mini Kit (Qiagen). Total plasma
RNA was isolated before surgery using miR-
Neasy Serum/Plasma Kit (Qiagen) following the
manufacturer’'s protocols. The purity of total
RNA was assessed by measuring A260/280
ratio. RNA integrity was checked by denaturing
formaldehyde agarose gel electrophoresis.

Reverse transcriptase reactions and quantita-
tive real time-PCR

The reverse transcription was carried out with
miScript Il RT Kit (Qiagen) according to the man-
ufacturer’s protocol. The reaction was incubat-
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Table 1. Clinicopathologic characteristics of
ESCC patients

Characteristics Number of Case

Gender Male 41
Female 22

Age <60 38
> 60 25

Differentiation High 17
Moderate 28

Low 18

Tumor status T1 15
T2 22

T3 21

T4 5

Lymph node status NO 29
N1 34

TNM stage I 7
Il 37

] 17

v 2

Smoking Yes 35
No 28

Alcohol drinking Yes 38
No 25

ed for 60 min at 37°C, 5 min at 95°C to inacti-
vate miScript Reverse Transcriptase Mix, and
placed on ice. Then the cDNA was synthesized.

The miScript SYBR Green PCR Kit (Qiagen) was
used for quantitative real time-PCR (qRT-PCR)
with miScript miRNA PCR Array. 2xQuantiTect
SYBR Green PCR Master Mix 10 pul, 10xmiS-
cript Precursor Assay 2 ul, cDNA template 2 pl,
and RNase-free water variable were used to a
final volume of 20 pl. Real-time PCR was run on
LightCycler4d80 Real-time PCR system (Roche
Molecular Systems, Indianapolis, USA) with
miR-373-specific primers miR-373-3p (5'GAA-
GUGCUUCGAUUUUGGGGUGU). The reaction
mixtures were incubated at 95°C for 15 min,
followed by 40 cycles of 94°C for 15 s, 55°C for
30 s, and 70°C for 30 s. U6 (RUNGB) was used
as an endogenous control in cell and tissue
samples. U6 and miR-39 (5’UCACCGGGUGU-
AAAUCAGCUUG) were used as endogenous and
external controls in plasma samples.

For analysis of the TIMP3 mRNA expression,
quantitative real time-PCR was performed
using 2xSYBR Green PCR Mix (Aidlab, Beijing,
China) according to the manufacturer’s instruc-
tions. The primer sequence synthesized by
Sangon (Shanghai, China) was as follows:

3

TIMP3 5'TGCTCTCTGTCTCTTTTTTCAGCTT (F),
5’CTACAGTGTGTTGTCTGCTGCTTTT (R). GAPDH
was assessed to standardize the expression
level of TIMP3 mRNA. All the real time-PCRs
were performed in triplicate. Data were pre-
sented based on calculating 224,

Cell proliferation, cell cycle, and cell apoptosis
assay

In 96-well plates, 3-4x10° cells per well were
seeded. After 24, 48, 72 h of transfection, 10
pl cell counting kit-8 (CCK-8, beyotime, China)
was added to each well. The cells were kept at
37°C, 5% CO, incubator for an additional 2 h by
measuring absorbance at 450 nm using a
microplate reader.

Cell cycle assay was analyzed by flow cytometry
at 48 h after transfection. Cells were washed
twice with PBS, and 70% ethanol was added
after 48 h at 4°C. The cells were then stained
with propidium iodide (PI; BD, Franklin, NJ) for
more than 30 min. The results were obtained
using a flow cytometer.

Cell apoptosis was assessed using FITC
Annexin 'V Apoptosis Detection Kit | (BD,
Franklin, NJ) at 48 h after transfection by flow
cytometry. The cells seeded in 6-well plates
were washed twice with cold PBS and resus-
pended in 1x Binding Buffer sufficiently, stained
with 5 yl FITC Annexin V, and 5 ul Pl incubating
for 15 minutes in the dark, and the data were
analyzed within 1 h using a flow cytometer.

Cell migration and invasion assay

Cell migration assay was performed using tran-
swell chambers using 24-well plates with 8 um
pores (Corning, Corning, NY). The cells were
starved in the serum-free 1640 medium for 12
h after being transfected for 24 h. 1x10° cells
were plated to the upper chamber after being
resuspended in the serum-free medium. The
lower chamber was filled with 1640 medium
plus 10% FBS. The chambers were stored in an
incubator for 10 h. Then cells on the lower sur-
face were fixed with glutaraldehyde solution
and stained with Crystal violet. Ten random
fields for each membrane were counted. A simi-
lar method was used in cell invasion assay and
membranes were coated with Matrigel (BD,
Franklin, NJ).

Western blotting

The cells were managed 72 h after transfec-
tion. Protein extracts were separated by SDS-
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PAGE and transferred to nitrocellulose mem-
branes. Membranes were blocked with 5%
fat-free milk for 1 h and incubated with anti-
TIMP3 antibody (1:1000, Abcam Cambridge,
England) at 4°C overnight. Anti-B-actin antibody
was used as the internal reference. After wash-
ing thoroughly, the membranes were incu-
bated with secondary antibodies for 30 min at
room temperature. The results were detected
by enhanced chemiluminescence technique
(Amersham, Piscataway, NJ). The expression
levels of these proteins were quantified using
Image J software (National Institutes of Health,
Bethesda, USA).

Luciferase reporter assay

Human HEK293T cells (1-2x10%) were plated in
a 96-well plate. The dual-luciferase reporter
plasmids named TIMP3-3'UTR-WT (wild type)
and TIMP3-3'UTR-MUT (mutant type) (Ribobio,
Guangzhou, China) were co-transfected with
mMiRNA mimics (50 nM) or NC (50 nM) by
Attractene Transfection Reagent (Qiagen). The
cells were harvested 48 h after transfection
and luciferase activity was detected by the dual
luciferase reporter system (Promega, Madison,
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Figure 1. miR-373 expression in human ESCC tis-
sue and plasma is analyzed. A. miR-373 levels were
analyzed by quantitative real time-PCR. miR-373
was remarkably increased in human ESCC tissue.
The levels of miR-373 in 63 ESCC tissues were com-
pared with 63 matched adjacent normal tissues
(*P < 0.01). (T = ESCC tissues, N = adjacent nor-
mal tissues). B. miR-373 was significantly increased
in ESCC patients’ plasma. The levels of miR-373 in
63 ESCC patients’ plasma were compared with that
in 39 healthy volunteers plasma (*P < 0.01). (T =
ESCC plasma, N = healthy volunteers plasma). C.
miR-373 levels in 63 ESCC tissues were consistent
with that in the patients’ plasma.

WI). All transfection experiments were per-
formed in triplicate.

Statistical analysis

All the statistical analyses were performed
using SPSS 17.0 statistical software package.
Results were presented as mean = SEM.
Student’s t-test was used to determine statisti-
cal difference between groups (ESCC tissues
and adjacent normal tissues, ESCC plasma and
healthy volunteer plasma). ANOVA was used to
evaluate the differences between miRNA-373
and clinicopathological characteristics. Spear-
man analyses were used to evaluate the corre-
lation between miR-373 expressions and clini-
copathological characteristics. Other results
were explored by independent samples T-test.
Statistical significance was considered if P <
0.05.

Results

miR-373 expressions was upregulated in ESCC
tissues and ESCC patients’ plasma

Table 1 shows the clinicopathological charac-
teristics. Quantitative real time-PCR showed

Am J Cancer Res 2016;6(1):1-14
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Table 2. The levels of miR-373 in tissue and plasma

status, lymph node metastasis (P

< 0.05). Meanwhile, no significant

miR-373 in miR-373 in
tissue plasma

Gender

Male 6.077£0.376 0.207 0.446+0.020

Female 6.924+0.578 0.469+0.029
Age

<60 6.394+0.403 0.937 0.435+0.020

> 60 6.341+0.528 0.484+0.028
Differentiation

High 5.234+0.611 0.405%0.029

Moderate 6.317+0.442 0.468+0.026

Low 7.537+0.571 0.479+0.300
Tumor status

T1 6.279+0.686 0.478+0.039

T2 6.109+0.483 0.419+0.022

T3 5.923+0.541 0.432+0.129

T4 9.708+0.483 0.630+0.067
Lymph node status

NO 5.677+0.455 0.417+0.022

N1 6.966+0.424 0.486+0.024
TNM stage

| 5.264+1.052 0.403%0.057

Il 6.304+0.382 0.451+0.020

I} 6.793+0.712 0.465+0.037

I\ 7.958+0.170 0.603+0.041
Smoking

Yes 6.297+0.400 0.467+0.227

No 6.468+0.520 0.438+0.250
Alcohol drinking

Yes 6.327+0.428 0.860 0.456+0.023

No 6.443+0.480 0.452+0.024

P value association was found between
miR-373 expression level in plas-
0.519 ma and gender, age, differentia-

tion, TNM stage, smoking, alcohol
drinking (P > 0.05) (Table 2). In
addition, there was a correlation

0.151 between miR-373 level in ESCC
tissues and that in the same indi-
viduals’ plasma using Spearman

0.200 correlation test (r = 0.553; P <
0.01) (Figure 1C).

miR-373 promotes proliferation,

0.007%% G1 phase cell C)./cle arrest, and
affects apoptosis
miR-373 expression levels in four
different esophageal squamous
carcinoma cell lines (KYSE410,
EC9706, ECA109, TE-1) were eval-
uated by quantitative real time-
PCR. As shown in Figure 2A, the
highest expression level of miR-
373 was observed in KYSE410
cells, and the lowest in ECA109
cells. As a result, KYSE410 and
ECA109 were selected for further
experiments. The transfection effi-
0.403 ciency was shown in Figure 2B.

We selected a final concentration

of 15 nM in mimics and 150 nM in
0.919 inhibitor for the further investiga-

tion. As shown in Figure 2C, 2D,

0.038*

0.304

*Indicates P < 0.05. **Indicates P < 0.01.

that miR-373 expression level was consider-
ably increased in 63 ESCC tissues compared
with matched adjacent normal tissues (6.373+
0.318 vs. 1.616+0.109; P < 0.01) (Figure 1A).
It was found that miR-373 expression level in
tumor tissues was closely correlated with dif-
ferentiation, tumor status, and lymph node
metastasis (P < 0.05), but not with gender, age,
TNM stage, smoking, and alcohol drinking (P >
0.05) (Table 2). We also assessed miR-373
level in the plasma from 63 ESCC patients and
39 healthy volunteers, which was much higher
in ESCC patients than in healthy volunteers
(0.454+0.017 vs. 0.174+0.020; P < 0.01) (Fig-
ure 1B). There was also a good correlation
between miR-373 level in plasma and tumor

the expression of miR-373 level
was dramatically increased in the
miR-373 mimics groups compared
with the negative control groups (P < 0.01).
However, miR-373 level was significantly
decreased in miR-373 inhibitor groups (P <
0.01).

CCK-8 assay was used to evaluate the effect of
miR-373 on ESCC cells’ proliferation ability. We
measured cell proliferation at 24, 48, and 72 h
after transfection with miR-373 mimics or miR-
373 inhibitor. As shown in Figure 3A, 3B, miR-
373 mimics increased proliferation ability in
ECA109 cells compared with the negative con-
trol groups at 72 h (P < 0.05). The KYSE410
cells treated with miR-373 inhibitor showed a
significant decrease in proliferation at 72 h (P <
0.05). These results indicated that miR-373
enhances proliferation in ESCC cell lines.

Am J Cancer Res 2016;6(1):1-14
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Figure 2. The levels of miR-373 in different groups were calculated. A. The levels of miR-373 expression in four
ESCC cell lines were measured by quantitative real time-PCR. U6 was used as an internal control. B. The transfec-
tion efficiency was marked by FAM in different concentrations (50, 100, 150 nM) in ECA109 and KYSE410 by flow
cytometer. C. miR-373 expression levels in miR-373 mimics ECA109 cells significantly increased compared with the
negative control cells (*P < 0.01). D. miR-373 expression level in miR-373 inhibitor group significantly decreased
compared with that in the inhibitor negative control group in KYSE410 cells (*P < 0.01).

Flow cytometry was performed to measure the higher than that in the control cells (P < 0.01),
status of cell cycle. As shown in Figure 3C, 3D, which indicates suppression of miR-373 level
Gl-phase cell proportion in miR-373 mimics may lead to apoptosis (Figure 3E, 3F).
group (ECA109) was significantly increased
compared with negative control groups (P < miR-373 enhances migration and invasion in
0.01). Consistently, the proportion of G1-phase ESCC cell lines
cells in miR-373 inhibitor group (KYSE410)
decreased compared with the control group (P To investigate whether miR-373 regulates
< 0.01). Therefore, miR-373 is able to induce migration and invasion of human ESCC cell
G1-phase cell cycle arrest. lines, ECA109, which had the weakest migra-
tion and invasion ability, and KYSE410, which
Next, cell apoptosis was measured after 48 h had the strongest, were selected for further
of transfection by flow cytometry. The percent- research. After miR-373 transfection for 24 h,
age of apoptotic cells in miR-373 mimics treat- invasion and migration experiments were con-
ed ECA109 cells did not decrease significantly ducted using transwell chambers covered with
compared with the negative control groups (P > or without Matrigel. As shown in Figure 4A, 4C,
0.05). However, the rate of apoptotic cells in migration in ECA109 were enhanced signifi-
miR-373 inhibitor treated KYSE410 cells was cantly compared with the negative control

6 Am J Cancer Res 2016;6(1):1-14
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Figure 3. miR-373 promotes proliferation, G1 phase cell cycle arrest, and affects apoptosis. A, B. CCK-8 assay was
used to evaluate the proliferation of ECA109 and KYSE410. miR-373 enhance proliferation ability in ESCC cell lines
(*P<0.05, **P < 0.01). C, D. Percentage of G1-phase cells in miR-373 mimics group was enhanced compared with
negative control group in ECA109 (P < 0.01). The percentage of G1-phase in miR-373 inhibitor group was reduced
compared with negative control group in KYSE410 (P < 0.01). E, F. Cell apoptosis was analyzed by Annexin V/PI as-

say. miR-373 can inhibit cell apoptosis (P < 0.01).

group (128.400+4.675 vs. 44.200+£3.484; P <
0.01). And the invasion ability was also dramati-
cally increased (100.800+4.259 vs. 35.200+
3.354; P < 0.01). As expected, migration and
invasion in KYSE410 with miR-373 inhibitor
declined significantly compared with the inhibi-
tor negative control groups (Figure 4B, 4D).
These observations demonstrate that miR-373
promotes migration and invasion in ESCC cell
lines.

miR-373 directly regulates TIMP3 expression
by targeting its 3’UTR

miRanda, miRDB, miRWalk and TargetScan
were used to predict a potential target of miR-
373. According to the database search results,
TIMP3 stood out as a promising target (Figure

5A). ECA109, which had a low level of miR-373,
expressed a high amount of TIMP3 mRNA
(5.800+0.327) and protein. On the contrary,
KYSE410 with high miR-373 level expressed a
low level of TIMP3 mRNA (1.540+0.136) and
protein (Figure 5B, 5C). Furthermore, as shown
in Figure 6A-C, the mRNA (2.520+0.381 vs.
5.740+0.284; P < 0.01) and protein level of
TIMP3 significantly decreased in ECA109 cells
after miR-373 mimics transfection. And, miR-
373 inhibitor increased TIMP3 expression in
KYSE410 cells. For further verification, lucifer-
ase reporter assay was conducted by co-trans-
fecting the reporter plasmids coalesced TIMP3-
3'UTR-WT with miR-373 mimics in human
HEK293T cells, which caused 37% decrease
compared with the negative controls. However,
there were no significant differences among

Am J Cancer Res 2016;6(1):1-14
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TIMP3-WT/NC, TIMP3-Mut/NC, and TIMP3-
Mut/miR-373. These results prove that TIMP3
is directly regulated by miR-373 (Figure 6D).

b

...UUUUCUUGCAAAUUU-AGCACUUG...

{1/l
UGUGGGGUUUUAGCUUCGUGAAG

ECA108 KYSE410

B-actin

TIMP3 expression level in
63 ESCC patients and 39
healthy volunteers were also
assessed. TIMP3 level was
considerably lower in ESCC
tissues than in adjacent nor-
mal tissues (3.296+0.179 vs.
4.505+0.158; P < 0.05)
(Figure 7A). Also, the TIMP3
was significantly less abun-
dant in ESCC patients than in
healthy volunteers (0.405+
0.016 vs. 0.513+0.018; P <
0.01) (Figure 7B). According
to Spearman correlation test
(r =-0.832; P < 0.01) (Figure
7C), the level of TIMP3 was
negatively correlated with
that of miR-373 in ESCC tis-
sues. A significant inverse cor-

relation was observed between miR-373 and
TIMP3 mRNA in the patients’ plasma (r =
-0.479; P < 0.01) (Figure 7D).
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groups in relative luciferase activities.

We further explored the effect of TIMP3 on
ESCC cells’ migration and invasion. It was found
that TIMP3 overexpression could decrease cell
migration and invasion in ECA109 (Figure 8A),
whereas TIMP3 suppression could increase
cell migration and invasion in KYSE410 (Figure
8B). To further investigate the functional causal
relationship between miR-373 and TIMP3, we
evaluated whether TIMP3 mediated the pro-
migration and pro-invasion effect of miR-373 in
ESCC. pcDNA3.1-TIMP3 without the 3-UTR
sequence and miR-373 mimics were co-trans-
fected into ECA109 cells. It turned out that
pcDNA3.1-TIMP3 could attenuate the migration
and invasion ability induced by miR-373 mimics
in ECA109 cells (Figure 8A, 8C). Then, shRNA-
TIMP3 and miR-373 inhibitor were co-transfect-
ed into KYSE410 cells, which showed that shR-
NA-TIMP3 could partly reverted the migration
and invasion ability inhibited by miR-373 inhibi-
tor in KYSE410 (Figure 8B, 8D). These results
demonstrate that, miR-373 promotes ESCC cell
migration and invasion by targeting TIMP3.

Discussion

Recently, a large number of studies have shown
that miRNAs can target a series of oncogenes
or tumor suppressor genes. And there was a
significant difference of miRNA level in tumor
tissues and adjacent normal tissues [26],
patients’ plasma and healthy volunteers’ plas-
ma [27]. miRNA expression level was closely
related to the biological and clinical character-
istics of the tumor, such as pathological type,
differentiation, tumor status, lymph node sta-
tus, TNM stage, smoking and alcohol habits,
prognosis, sensitivity of radiation, and chemo-
therapy [9, 28, 29]. It has been reported that a
variety of miRNAs could participate in esopha-
geal cancer occurrence and development pro-
cess. Among them, miR-183 was upregulated
in ESCC tissues compared with adjacent nor-
mal tissues, which promoted ESCC cell prolif-
eration, migration, invasion and inhibited cell
apoptosis by targeting the tumor suppressor
gene programmed cell death 4 (PDCD4) [30].
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High miR-142-3p expression was closely corre-
lated to the poor-prognosis patients, including
those patients with small tumor size, early
stage, without lymph node metastasis, and
early stage [31].

Studies have shown that the same miRNA has
totally different expression level in different
tumors. miR-373 was first discovered by
Voorhoeve [32], who identified that miR-373 is
a potential novel oncogene participating in the
development of human testicular germ cell
tumor by blocking the p53 pathway. miR-373
has been found to be upregulated in testicular
germ cell tumors [33] and breast cancer [34],
but down-regulated in colon cancer [35], non-
small cell lung cancer [36]. Lee [11] found that
miR-373 was an oncogene which was inversely
correlated with LATS2 expression in ESCC tis-
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sues and esophageal cancer cell lines. There
are few researches about miR-373 in esopha-
geal cancer, which leaves its mechanism elu-
sory. In this study, we investigated the biologi-
cal function and identified the direct target of
miR-373 in human ESCC.

In our current study, we investigated, for the
first time, the high level of miR-373 in plasma
and the relationship between miR-373 and bio-
logical and clinical characteristics of ESCC.
miR-373 expression level in tissues was closely
associated with differentiation, tumor status,
and lymph node metastasis. There was also a
good correlation between miR-373 level in
plasma and tumor status, lymph node metasta-
sis. Moreover, miR-373 expression in tissues
was consistent with that in plasma. However,
miR-373 is likely to exert diagonal effects on
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different tumors. For example, Chen [37] found
that low expression of miR-373 in hilar cholan-
giocarcinom tissues was closely associated
with poor cell differentiation and advanced
clinical stages (stage lll, IV vs |, Il). While, Wang
[38] investigated that miR-373 increased prolif-
eration by directly targeting YOD1, a new poten-
tial therapeutic target in cervical cancer. Here,
we show that miR-373, as an oncogene, might
be a useful molecular marker in ESCC.

In addition, we further investigated the func-
tional characteristics of two cell lines, The data
suggested that the strong ability of prolifera-
tion, migration, and invasion in KYSE410 cell
may attribute to high miR-373 level, on the con-
trary, ECA109 cells with a low miR-373 level,
showed weak proliferation, migration, and inva-
sion ability. It was found that miR-373 promot-
ed proliferation, migration and invasion in
human ESCC cells, which was consistent with
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that in breast tumor cells [39]. We also found
that overexpression of miR-373 could induce
G1-phase cell cycle arrest, but could not inhibit
cell apoptosis. However, due to unknown rea-
son, suppression of miR-373 could decrease
Gl-phase cell proportion and induce cell
apoptosis.

According to Bioinformatics analysis, TIMP3 is
a potential target of miR-373. Interestingly, we
have found that TIMP3 is correlated with migra-
tion and invasion ability in ESCC [40]. It was
confirmed that TIMP3 was indeed a bona fide
target of miR-373 in our following study. TIMP3
was a potent tumor suppressor and an inhibitor
of angiogenesis [41]. We showed that TIMP3
was negatively correlated to the level of miR-
373 in plasma and tissues. The level of TIMP3
declined when we transfected miR-373 mimics
into ECA109 and increased when we transfect-
ed miR-373 inhibitor in KYSE410. TIMP3-3’UTR-
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WT co-transfected with miR-373 mimics
caused 37% decrease compared with the nega-
tive controls in the luciferase reporter assay.
Ad-TIMP3 suppressed cells growth, migration
and invasion in colorectal cancer cells. TIMP3
provided an alternative for comprehensive
treatment strategy by suppressing cancer
development [23]. It was also found that the
breast cancer cells transfected with TIMP3
obviously inhibited the cells growth and prolif-
eration [17]. These observations demonstrate
that TIMP3 can inhibit migration and invasion,
which counteract the role of miR-373. To fur-
ther explore whether the pro-migration and pro-
invasion effect of miR-373 is mediated by
TIMP3, we performed remedial experiments by
introducing TIMP3 or suppressing TIMP3 in
miR-373 overexpressed or knocked down cell
lines. It was found that manipulation of TIMP3
could abrogate the effect of miR-373 on esoph-
ageal cancer cell migration and invasion.

In summary, it has been shown that miR-373 is
frequently up-regulated in ESCC tissues and
ESCC patients’ plasma, which is likely to be an
oncogene in ESCC. Proliferation, migration, and
invasion abilities of ESCC cells were positively
correlated to miR-373 expression level. We fur-
ther confirmed that TIMP3 is a target of miR-
373 and miR-373 promotes esophageal cancer
migration and invasion by targeting TIMP3,
which might be a promising target for esopha-
geal cancer diagnosis and treatment.
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