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Abstract: Previous studies showed that the dysregulation of miRNAs was closely associated with cancer progres-
sion. The aim of this study was to verify whether miR-134, miR-10a, miR-29¢c, miR-942, miR-93, and miR-218 could
inhibit esophageal squamous cell carcinoma (ESCC) cell invasion and migration. ESCC tissue and normal esopha-
geal tissue adjacent to carcinoma from patients (54 cases) undergoing surgery were collected. RT-PCR was used
to test the expression of miR-134, miR-10a, miR-29¢c, miR-942, miR-93, and miR-218 in these tissues. In addition,
western blot was applied to test the expression of MMP-2, MMP-9, COL1A1, COL1A5 and FOXM1. In the vitro experi-
ment, EC9706 cells were transfected with miR-134 mimics, then wound healing was employed to test the migratory
ability of EC9706 cells. Transwell chambers was used to test the invasion ability of cells. The expression of MMP-2,
MMP-9, COL1A1, COL1A5, and FOXM1 waas detected by western blot. In order to confirm whether FOXM1-3’-UTR
was the target gene of miR-134, we performed a luciferase assay. FOXM1 over-expression plasmid was transfected
to further confirm miR-134 played its role by targeting FOXM1. Our results showed that the expression of miR-134
was decreased in the ESCC tissue compared with normal esophageal tissue, (P<0.01), but the expression of MMP-
2, MMP-9, COL1A1, COL1A5 and FOXM1 were significantly increased (P<0.01). In an in vitro experiment, compared
with the mimic control, the expression of MMP-2, MMP-9, COL1A1, COL1A5 and FOXM1 were decreased in the
miR-134 mimic-transfected EC9706 cells (P<0.01). The migration and invasion activity of EC9706 cells was also
decreased after transfection with miR-134 mimics (P<0.01). The luciferase activity of the FOXM1-3’-UTR plasmid
was significantly suppressed by miR-134 (P<0.01). Overexpression of FOXM1 abrogated miR-134-mediated inhibi-
tion of EC9706 cell migration and invasion. In conclusion, miR-134 inhibited EC9706 cell migration and invasion by
targeting FOXM1. miR-134 may be a novel treatment target for ESCC.
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Introduction MicroRNAs are small, non-coding RNAs that
post-transcriptionally down-regulate the expres-

Esophageal squamous cell carcinoma (ESCC) is sion of multiple genes by binding to the 3™

aggressive and has poor prognosis. It is the
sixth leading cause of cancer death worldwide
[1]. As the most prevalent type of esophageal
cancer, the incidence of ESCC is increasing in
the recent years [2, 3]. Thus, it is important to
further discover the molecular mechanisms
implicated in ESCC development and progres-
sion. It is well known that migration and inva-
sion ability are necessary for the tumor cells to
depart from the original location and invade
other tissues and organs [4]. In this regard, it is
urgent to develop a new drug or find a molecu-
lar target that participates in ESCC cell migra-
tion and invasion in order to improve the prog-
nosis of ESCC.

untranslated region (UTR) of target mRNAs
[5-8]. MicroRNA expression is related to numer-
ous human diseases including cancer and is
associated with altered malignant potential,
affecting migration, proliferation, invasion, ap-
optosis, and survival [9]. In recent years, some
studies found that microRNAs were promising
biomarkers for ESCC and could play important
roles in ESCC development and progression. Xu
et al. demonstrated that miR-10b, miR-29¢, and
miR-205 in the serum had great potential to be
noninvasive screening tools for ESCC detection
[10]. Wang et al. reported that miR-218 expres-
sion was significantly reduced in ESCC tissues
and miR-218 played an important role as a
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Table 1. Clinicopathologic features and the expres-
sion of miR-134 in patients with esophageal squa-

mous cell carcinoma

miR-134
Characteristic Case Low High P value?
expression expression
Age (years) 0.365
<60 28 14 14
>60 26 9 17
Gender 0.534
Male 33 16 117
Female 21 9 12
Pathologic type 0.298
Ulcerative type 18 10 8
Medullary type 16 7 9
Fungating type 12 5 7
Constrictive type 5 0 5
Plaque type 3 1 2
Other 1 1 0
Differentiation 0.135
Well 7 2 5
Moderate 24 12 12
Poor 23 16 7
Tumor size 0.033
<4 cm 26 10 16
>4 cm 28 21 7
TNM Classification 0.009
I 7 4 3
Il 13 9 4
1 25 16 9
v 9 7 2
Lymph node status <0.001
Negative 25 13 12
Positive 29 20 9

20ne-way ANOVA and t-test were used to analyze the correlation
between the expression of miR-134 and clinicopathologic features

of the patients.

tumor-suppressing gene by targeting BMI1 [11].
Furthermore, Geet al. showed that miR-942
promoted cancer stem cell-like traits in ESCC
through activation of the Wnt/beta-catenin sig-
naling pathway [12]. O'Brien et al. showed that
miR-134 in extracellular vesicles reduced can-
cer aggression and increased drug sensitivity
[13]. However, the expression and function of
these miRNAs in human ESCC are uncer-
tain.

Forkheadbox M1 (FOXM1) gene is a member of
the FOX family, which has been shown to have
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important roles in cell fate. Some studies
showed that FOXM1 was significantly
increased in diverse human cancers such
as breast cancer, esophageal cancer,
hepatocellular carcinoma, colorectal can-
cer, and lung cancer [14-17]. Its overex-
pression was closely correlated with tumor
metastasis and progression [16].

In this study, we chose six mircoRNAs whi-
ch have been reported in other cancers
and tested their expression in ESCC and
normal esophageal tissue. We found that
miR-134 was decreased in the ESCC tis-
sues and did further research to explore
the effect of miR-134 in the migration and
invasion ability of ESCC cells. We found
that over-expression of miR-134 inhibited
EC9706 migration and invasion. In addi-
tion, we identified FOXM1 as a direct target
gene of miR-134 by which miR-134 plays
its anti-cancer role in ESCC cells.

Materials and methods
Patients and samples

Human ESCC tissues and the correspond-
ing non-tumor tissues were collected dur-
ing surgical resection from 54 patients
with ESCC in the Affiliated Hospital of Qi-
ngdao University. The demographic infor-
mation and clinical features for the includ-
ed 54 patients are provided in Table 1.
Non-tumor tissues were more than 3 cm
from the tumor. All specimens were con-
firmed pathologically. The ESCC and nor-
mal esophagus tissues were frozen in lig-
uid nitrogen immediately after surgical
resection and stored at -80°C. This study
was approved by the Ethics Committee of
the Affiliated Hospital of Qingdao Univer-
sity and informed consent was signed by every
patient.

Cell culture and transfection

The human ESCC cell line (EC9706) was bought
from the Chinese Academy of Sciences (Sh-
anghai, China). The EC9706 cells were kept in
Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum
(FBS; CA, USA) and penicillin-streptomycin (100
unit/ml-100 pg/ml). The cells were cultured in
humidified incubators with 5% CO, at 37°C.
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miR-134 mimics and mimic control were chemi-
cally synthesized by Ribo Bio Co. Ltd (Guang-
zhou, China). The sequences were as follows:
5-UGUGACUGGUUGACCAGAGGGG-3’ (mimics)
[18]; 5-UGAGACUGGAUGACCAGAGUGG-3’ (mi-
mics control). The overexpression oligonucle-
otides for Human FOXM1 and negative control
vector (p-vector) was generated by Ribo Bio and
were loaded into lentivirus vectors (Lv-FOXM1
and Lv-NC, respectively). Cells were transfected
with DNA plasmids using TransFast transfec-
tion reagent (Promega; Madison, WI, USA). For
transfection, after seeding the cells into the
6-well plate, and the cells reaching 70%-80%
confluence the corresponding vectors were
transfected into the EC9706 cells by using
Lipofectamine 3000 (Invitrogen, CA, USA) acc-
ording to the manufacturer’s instructions. The
final transfection concentration was 100 nM
and the transfection effects were assessed by
gRT-PCR after transfection for 24 h. The cells
were then subjected to further functional as-
says.

Quantitative real-time PCR

Total RNA was extracted from tissues or cells
by using RNeasy plus mini kit (Qiagen, Valencia,
CA, USA) according to the manufacturer’s pro-
tocol. The 20 uL RT reactions were performed
using a PrimeScript® RT reagent kit (Takara,
Dalian, China) and incubated for 30 min at
37°C, 5sat 85°C. For qRT-PCR, 2 L of diluted
RT product was mixed with 23 pL reaction buf-
fer provided by Takara (Takara Inc., Dalian,
China) to a final volume of 25. All reactions
were carried out using an Eppendorf Master-
cycler EP Gradient S (Eppendorf, Germany)
under the following conditions: 95°C for 30 s,
followed by 45 cycles of 95°C for 5 s and 60°C
for 30 s. The expression of miR-134, miR-10a,
miR-29¢, miR-942, miR-93 and miR-218 was
normalized to U6 using the comparative 2-2¢
method [19]. All experiments were done in trip-
licate. The following primers were used for
qRT-PCR:

miR-134: Forward: 5-ACAGGCCGGGACAAGTG-
CAATA-3’; Reverse: 5-GCTGTCA ACGATACGCT-
ACGTA ACG-3'. miR-10a: Forward: 5-ACGTACC-
CTGTAGATCCG-3’; Reverse: 5-GTGCAGGGTCC-
GAGGT-3". miR-29c: Forward: 5’-ACACTC-CAG C-
TG G GTGA-3’; Reverse: 5-CTCAACTGGTTGA G-
AGGGATTC-3". miR-942: Forward: 5-CCCAAGA-
AGTCCGAGACACG-3’; Reverse: 5-TGTTGGCTC-
GTTCATGGGAT-3". miR-93: Forward: 5-CGTTA-
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TATCCC AAAGTGCTGTTC-3’; Reverse: 5-TATG-
GTTGTTCT CGTCTCCTTCTC-3'. miR-218: Forw-
ard: 5-CGGGCTTGTGCTTGATCTA-3’; Reverse:
5-GTGCAGGGTCCGAGGT-3'. U6 Forward: 5-CT-
CGCTTCGGCAGCACA-3’; Reverse: 5-AACGCTT-
CACGAATTTGCGT-3..

Western blotting

Tissues or cells were lysed by RIPA lysis buffer
(Beyotime, China) for total protein extraction.
The protein concentration was determined us-
ing a BCA protein assay kit (Beyotime). Then,
the protein lysates were separated by 10%
SDS-PAGE and transferred to PVDF mem-
branes, (Millipore, MA, USA). After blocking with
bovine serum albumin for 1 h at room tempera-
ture, the PVDF membranes were incubated
with the primary antibodies (Abcam, Cambrid-
ge, UK): COL1A1 (1:1000), COL1A5 (1:1000),
MMP-2 (1:1000), MMP-9 (1:2000), FOXM1
(1:2000), B-actin (1:1000) overnight at 4°C.
Then the membranes were incubated in HRP-
linked secondary antibodies (1:5000, room
temperature, Beyotime, China) for 1 h. The
bands were detected using the ECL plus Kit
(Beyotime, China) and Image J software version
1.4 was used to quantify the bands.

Cell migration assay

Cell migration was evaluated by performing
wound healing assay. First, the cells were cul-
tured in serum-free medium containing hydroxy-
urea (1.8 mM) for 12 h to synchronize cells and
suppress cells proliferation. After each treat-
ment, wounds were scratched on the monolay-
er of cells using 20 pL pipette tips. Plates were
washed once with fresh medium to remove
non-adherent cells and the cells were contin-
ued to be incubated at 37°C for 24 h. Digital
camera system (Olympus Corp., Tokyo, Japan)
was used to acquire images of the scratches of
the cells after incubating for O and 24 h.

Cell invasion assay

Transwell chamber was used to test cell inva-
sion capability. Polycarbonate membrane coat-
ed trans-well plates with 8 ym pores (Corning,
USA) were applied for the experiments. After 24
h of cultivation, cells were cultured in serum-
free medium containing hydroxyurea (1.8 mM)
for 12 h to synchronize cells and suppress cells
proliferation. After each treatment, the cells
were trypsinized and reseeded in serum free
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Figure 1. Expression of ESCC-related miRNAs and proteins. A: The expressions of six miRNAs (miR-134, miR-10a,
miR-29¢, miR-942, miR-93 and miR-218) in normal esophageal tissue and ESCC tissues. B: The protein expression
of MMP-2, MMP-9, COL1A1, COL1A5 and FOXM1. ESCC: esophageal squamous cell carcinoma. *P<0.01 compared

with normal control.

DMEM medium, then transferred to the upper
chamber (5x10* cells/well). DMEM medium su-
pplemented with 20% FBS was then poured
into the lower chamber. After 12 h incubation,
the migratory cells were fixed by 4% parafor-
maldehyde and stained blue by DAPI (2 ug/ml).
The penetrated cells were counted with an
immunofluorescence microscope.

Dual-luciferase reporter assay

TargetScan (http://www.targetscan.org/), a co-
mputer-aided algorithm, was used to predict
the potential binding site of FOXM1 for miR-
134. The sequence containing the predicted
binding sites was inserted into the pmirGLO
plasmid (Promega, USA). The forward primer
sequences for the mRNA 3’-UTR of FOXM1 was
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5-ATACGTGGATTGAGGACCCACT-3’ and reverse
primer sequences was 5-TCCAATGTCAAGTAG-
GGGTTG-3'. FOXM1 mRNA 3’-UTR fragment co-
ntaining putative binding sites for miR-134 was
chemically synthesized by JIKAI Gene Co., Ltd.
(Shanghai, China) to obtain the wild type (WT)
construct. Mutations in binding sites were in-
troduced by site-directed mutagenesis to ob-
tain a mutant (Mut). All constructs were verified
by sequencing. For luciferase reporter assay,
EC9706 cells were seeded in 96-well plates,
co-transfected with miR-134 mimics (or mimics
control) and the WT (or MUT) constructed lucif-
erase reporter by using Lipofectamine 3000.
After 48 h transfection, the GloMax-Multi Jr
Single Tube Multimode Reader (Promega, Ma-
dison, WI, USA) was used to test the Firefly and
Renilla luciferase activities.

Int J Clin Exp Pathol 2019;12(6):2130-2138
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Figure 2. miR-134 suppressed EC9706 cell migration and invasion in vitro. A: Relative expression of miR-134 in
each group. B: Wound-healing assay showed that miR-134 inhibited EC9706 cell migration. C: Transwell chamber
assay showed that miR-134 inhibited EC9706 cell invasion. D: The expression of COL1A1, COL5A1, MMP-2 and
MMP-9 were measured by western blotting in EC9706 cells. *P<0.01 compared with mimic control.

Statistical analysis

Statistical analysis was conducted by using
SPSS software version 20.0 (SPSS Inc., Chi-
cago, IL, USA) and GraphPad Prism 6.0 (La
Jolla, CA). Data are presented as mean + SD.
The comparison between the variances of the
two groups was analyzed using 2-tailed Student
t-test or one-way ANOVA. Difference between
the patients’ number in the two groups were
analyzed by Chi-square test. p-value <0.05 was
considered significant. All experiments were all
repeated at least three times.

Results

The expression of miR-134 was decreased in
human ESCC

As miR-134, miR-10a, miR-29¢c, miR-942, miR-

93, and miR-218 were reported to be related
with ESCC in the previous studies, we first
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detected the expression of these miRNAs in the
collected ESCC tissues and normal esophageal
tissues by RT-qPCR analysis. As shown in Figure
1A, there was no significant difference in miR-
10a, miR-29¢, miR-942, miR-93 and miR-218
between the two groups. The expression of
miR-134 was significantly decreased in the
ESCC group, P<0.01. This result prompted us to
further focus on miR-134 in the following study.

miR-134 suppressed EC9706 cell migration
and invasion

In order to explore how miR-134 played its role
in ESCC progression. We first tested the tumor
cell migration related proteins (COL1A1, COL-
5A1, MMP-2, MMP-9) in the ESCC tissues and
normal esophageal tissues by western blot. We
found that the expression of COL1A1, COL5A1,
MMP-2 and MMP-9 was increased in the ESCC
compared with the normal control (Figure 1B,
P<0.01). This data suggested that miR-134

Int J Clin Exp Pathol 2019;12(6):2130-2138
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In addition, the result of
Dual-luciferase reporter as-
say showed that miR-134
mimics inhibited luciferase
activity in the WT vector
(P<0.01), and this effect of
miR-134 mimics disappea-
red in the MUT vector (Fi-
gure 3B). Therefore, these
data suggested that FOXM1
was the direct target of
miR-134 in EC9706 cells.
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Figure 3. FOXM1 is a direct target gene of miR-134 in EC9706 cells. A: The bind-
ing site between miR-134 and FOXM1. B: miR-134 decreased the luciferase
activity of the FOXM1. C: The expression of FOXM1 in each group. WT: wild type;
MUT: mutant. LUC: luciferase. *P<0.01 vs mimic control.

could inhibit the migration and invasion of ESCC
cells. After miR-134 was successfully transfect-
ed into the EC9706 cells (Figure 2A), we further
conducted wound healing assay and transwell
assay to test it. In the wound healing assay, we
found that miR-134 significantly decreased the
cell migration area after 24 h compared with
the control group (Figure 2B, P<0.01). Transwell
assay demonstrated that miR-134 inhibited cell
invasion ability (Figure 2C). In addition, we also
detected the expression of COL1A1, COL5A1,
MMP-2, and MMP-9 in the cell experiment and
found that miR-134 inhibited their expression
in EC9706 cells (Figure 2D). Taken together,
these results showed that miR-134 suppressed
EC9706 cell migration and invasion.

miR-134 directly targeted FOXM1 in EC9706
cells

In order to find the potential target gene of
miR-134 in ESCC, we used a computer-aided
algorithm, TargetScan (http://www.targetscan.
org/), to predict it. As shown in (Figure 3A), we
found that there was a potential seed sequence
of miR-134 in the 3’UTR of FOXM1. Moreover,
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MUT ' 7 At last, we conducted the

FOXM1 over-expression st-
udy to test the effect of
FOXM1 in miR-134’s inhibi-
tion of EC9706 cell migra-
tion. pcDAN3.1+HA-FOXM1
was successfully transfect-
ed and expressed in EC9O-
706 cells (Figure 4A). Over-
expression of FOXM1 partly
reversed the inhibitory ef-
fect of miR-134 on EC9706
cell migration and invasion (Figure 4B-D). Th-
ese results showed that miR-134inhibited
EC9706 cell migration and invasion by target-
ing FOXM1 in EC9706 cells.

Discussion

Advances in diagnostic techniques and thera-
peutic means have improved the early detec-
tion and reduced the mortality rate of ESCC
[10]. However, despite the progress in clinical
treatment, the overall 5-year survival rate of
ESCC patient still remains low (around 10%)
due to delayed diagnosis and high recurrence
rate. The major reason for its mortality and
relapse is that ESCC cells have a strong ability
to metastasize. In recent years, progress was
made in understanding of tumor mechanisms,
but tumor metastasis is a complex process,
and molecular mechanisms that regulate
metastasis in ESCC cells are still poorly under-
stood [20].

First discovered in 1993, miRNAs have been
found to be involved in various processes of
many human diseases by regulating cell migra-

Int J Clin Exp Pathol 2019;12(6):2130-2138
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Figure 4. Overexpression of FOXM1 partly abrogated miR-134 induced inhibitory effects on EC9706 cells. A: The ex-
pression of FOXM1 in each group. B: Cell migration ability was detected by wound-healing assay in EC9706 cells. C:
Cell invasion ability was detected by Transwell chamber assay in EC9706 cells. D: The expression of FOXM1, COL1A1,
COL5A1, MMP-2, and MMP-9 in each group. 1: miR-134 mimics; 2: miR-134 mimics+pcDNA3.1+HA empty vector;
3: miR-134 mimics+pcDNA3.1+HA-FOXM1. #P<0.05 and *P<0.01 compared with miR-134 mimics+pcDNA3.1+HA

empty vector.

tion, invasion, proliferation, apoptosis, and epi-
thelial to mesenchymal transition (EMT) [21,
22]. Recently, it has been estimated that miR-
NAs could regulate at least 30% of all gene
expression in humans [23]. Shuang et al. found
that the expression of miR-134 was decreased
in ovarian cancer [24]. Bao et al. revealed a
tumor-suppressive role of miR-134 which was
decreased in human osteosarcoma [25]. In this
study, we found that miR-134 expression was
down-regulated in ESCC tissues compared with
normal controls. COL1A1, COL5A1, MMP-2 and
MMP-9 which had been reported to be involved
in cell migration and invasion, were also in-
creased in the ESCC tissue [26-28]. We further
investigated the roles of miR-134 on ESCC cell
migration and invasion in vitro and found that
overexpression of miR-134 significantly inhibit-
ed the migration and invasion ability of ESCC
cells. These results suggested that miR-134
may be a tumor suppressor in the development
and progression of ESCC.
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At the molecular level, O’'Brien et al. report-
ed that miR-134 in extracellular vesicles re-
duced triple-negative breast cancer aggres-
siveness and increased drug sensitivity by
down-regulation of HSP9O [13]. Additionally,
Liu et al. showed that in renal cell carcino-
ma cells, miR-134 functioned as a tumor su-
ppressor in cell proliferation and EMT by tar-
geting KRAS. In the field of lung cancer, Li et
al. found that miR-134 inhibited non-small
cell lung cancer cell EMT by targeting FOX-
M1 [29]. Recently, Wu et al. demonstrated th-
at miR-134 modulated the proliferation of hu-
man cardiomyocyte progenitor cells by down-
regulation of Meis2. Similar to the above re-
search results, in this study, we found that ov-
er-expression of miR-134 significantly decre-
ased the expression of FOXM1 in EC9706 cells
and we further identified that FOXM1 was a
direct target of miR-134 in EC9706 cells by
using bioinformatics and luciferase reporter
gene assays.

Int J Clin Exp Pathol 2019;12(6):2130-2138
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FOXM1 has been shown to regulate multiple
intracellular signaling cascades [30]. FOXM1
binds to sequence specific motifs on DNA (C/
TAAACA) through its DNA-binding domain (DBD)
and activates proliferation, migration, and EMT
associated genes. Aberrant overexpression of
FOXM1 has been shown to be involved in can-
cer progression in a variety of tumor types in-
cluding ESCC [31]. Research shows that down-
regulation of FOXM1 could suppresses PLK1-
regulated cell cycle progression in renal cancer
cells [32]. In addition, microRNA-24-1 through
FOXM1 inhibited bladder cancer cell prolifera-
tion [B]. Consistent with the results of these
studies, we found that over-expression of FO-
XM1 could reverse miR-134 induced-migration
and invasion of EC9706 cells. Therefore, we
thought that FOXM1 may be involved in miR-
134 mediated ESCC metastasis.

In view of the above findings, we found that
miR-134 was down-regulated, while MMP-2,
MMP-9, COL1A1, COL1A5, and FOXM1 were
up-regulated in ESCC tissue. We further investi-
gated the role of miR-134 on EC9706 cells and
found that miR-134 inhibited EC9706 -cell
migration and invasion by targeting FOXM1.
Our result provides new information about the
mechanism responsible for the development of
ESCC, which may also benefit the development
of miRNA-directed diagnosis and therapy ag-
ainst ESCC.
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