Int J Clin Exp Med 2017;10(5):7468-7481
www.ijcem.com /ISSN:1940-5901/1JCEM0044640

Original Article

MiR-153-5p has effects on cell proliferation and
invasion and is critical for prognosis of patients
with esophageal squamous cell carcinoma

Zheng Yang!?, Wei Fan?, Yu Zheng?*, Zhaodong Yang?, Jin Du?, Yanhu Wu?

1Department of Cardiothoracic Surgery, The First Affiliated Hospital of Nanjing Medical University, Nanjing, China;
Departments of 2Chest Surgery, Laboratory, “Oncology, Hospital of Huaian, Huaian, China

Received October 10, 2016; Accepted February 5, 2017; Epub May 15, 2017; Published May 30, 2017

Abstract: Background: MicroRNAs (miRNAs) modulate a variety of cellular processes by regulating multiple targets,
which promote or inhibit the development of malignant behaviors. Accumulating evidence suggests that miR-153-
5p plays important roles in human carcinogenesis. This study was designed to explore the role of miR-153-5p
inesophageal squamous cell carcinoma (ESCC). Methods: MicroRNA profiles were obtained by miRNA microarray
and then validated byquantitative polymerase chain reaction (qPCR) in healthy individuals and ESCC patients. Asso-
ciations of miR-153-5p with Wilms’ tumor suppressor gene 1 (WT1) were assessed by Pearson correlation. In vitro,
the biological function of miR-153-5p was examined by Transwell assay, and Western blot in TE-1 cells transfected
with miRNA mimics or the empty vector. The miR-153-5p target was validated by a luciferase reporter assay, RT-PCR
and Western blot. Results: MiRNA microarray revealed 25 aberrant miRNAs in serum samples from ESCC patients,
including miR-153-5p which was significantly decreased (P<0.01); miR-153-5p was expressed at lower levels in
patients with aggressive tumors (P<0.01). In addition, WT1 mRNA amounts, which were higher (P<0.01) in ESCC
than in healthy individuals, were negatively correlated with miR153-5p levels (r=-0.5983, P<0.001). Moreover, miR-
153-5p inhibited the proliferation and invasion abilities of TE-1 cells (P<0.01). Finally, the luciferase activity of the
WT1-3’-UTR plasmid was suppressed after miR-153-5p binding (P<0.05). Conclusion: MiR-153-5p is downregulated
in patients with ESCC, and plays a critical role in the diagnosis and severity evaluation. In agreement, miR-153-5p
inhibits TE-1 cell proliferation and invasion by downregulating WT1.
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Introduction

Esophageal cancer incidence has steadily
increased in the Western world. In 2015,
16,980 patients were newly diagnosed with
esophageal cancer in the United States, and
15,590 individuals died from the disease [1].
Esophageal squamous cell carcinoma (ESCC) is
the predominant histologic type, and very com-
mon in East Asia, especially Japan and China
[2]. Surgery is considered the mainstay of treat-
ment for esophageal cancer [3]. However, many
patients develop metastatic disease or locore-
gional recurrence soon after surgery [4]. It was
reported that combining neoadjuvant chemo-
therapy and radiotherapy reduces tumor size
and maximizes local control, improving disease
outcome [5, 6]; however, the overall 5-year sur-
vival rate for disease localized to the esopha-

gus is 34%, while survival for all stages is much
lower with a rate of 16% [7]. Therefore, there is
a great need to develop new biomarkers and
therapeutic targets for esophageal cancer.

MicroRNAs (miRNAs) are short (approximately
22 nucleotides) non-coding RNAs that regulate
target mMRNAs predominantly by binding to
the 3’ untranslated region (UTR) of its target
MRNAs, causing degradation or translation
inhibition [8, 9]. Increasing evidence indicates
microRNAs modulate tumor initiation and pro-
gression, with functions in tumor cell invasion
and metastasis [10-12]. Indeed, multiple miR-
NAs have been shown to play vital roles in
ESCC. For instance, elevated miR-21 expres-
sion was found in esophageal cancer, which
could promote cell proliferation by targeting
PTEN at the posttranscriptional level. In addi-
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Table 1. Differentially expressed miRNAs between healthy indi-

viduals and ESCC patients

miR-153-5p could modulate
WT1 expression in human

MiRNA expression profiles

ESCC cells.

Upregulated miRNAs

Downregulated miRNAs

This study identified 25 aber-

MiRNA name Log, (fold P-values MIiRNA name Log, (fold P-values rantly expressed miRNAs in
change) change) ESCC using miRNA microarray
has-miR-155 731  0.0136 has-miR-375 9.73 0.0396 analysis, including miR-153-
has-miR-25 6.20  0.0208 hsa-miR-625 8.37 0.0102 5p. Further assays demon-
has-miR-92¢ 564 0.0012 hsa-miR-153-5p 8.07  0.0090 strated that miR-153-5p could
hsa-miR-200c  5.39  0.0162 hsa-miR-498 721 00076  Pe used as a biomarker for
hsa-miR-16 474 00104 hsa-miR302b  6.82 00281  £oCC diagnosis; indeed, decr-
hsamiR214 421 00108 hsamiR518> 643 00222  Cased miR-153-5p levels were
) ’ ’ ’ associated with ESCC severity.
hsa-miR-21 406 0.0084 hsa-miR-145 5.34  0.0442 Besides, miR-153-5p inhibited
hsa-miR-96 3.83 0.0279 hsa-miR-133a 4.16 0.0337 TE-1 cell pro”feration and inva-
hsa-miR-146a  3.60  0.0411 hsa-miR-203 3.67 0.0076 sion in vitro. More importantly,
hsa-miR-296 3.17  0.0032 hsa-miR-91 3.07 0.0168 WT1 was confirmed to be a
hsa-miR-20a 295 0.0262 hsa-miR-708 243  0.0181 direct target gene for miR-153-
hsa-miR-17-5p 217  0.0115 hsa-miR-376 227  0.0271 Sp in ESCC.
hsa-miR-497 2.08 0.0346

Materials and methods

P-values reported are the result of paired class comparison of microRNA expres-
sion on serum samples from patients with ESCC and healthy volunteers.

tion, it is able to predict poor overall survival in
patients with EC [13, 14]. MiR-625 is associat-
ed with tumor depth, stage, and metastasis in
ESCC and its down-regulation may constitute a
molecular marker to predict progression of
aggressive tumors as well as unfavorable prog-
nosis [15, 16]. In addition, Ren et al. found miR-
183 is upregulated in ESCC tissues, and identi-
fied programmed cell death 4 (PDCD4) as a
direct target of this miRNA, which promotes
ESCC cell proliferation and invasion [17].
Recently, miR-153-5p was described as a tu-
mor suppressor in human cancers, regulating
genes or proteins involved in tumor growth,
metastasis, and invasion [18-21]. Neverthe-
less, the exact role of miR-153-5p in ESCC
remains unclear. This study, therefore, aimed
to assess the role of miR153-5p in ESCC, eval-
uating clinical data, and exploring its biological
functions in esophageal squamous cell car-
cinoma.

Wilms’ tumor suppressor gene 1 (WT1), which
maps to chromosomal band 11p13, was identi-
fied as a tumor suppressor in a variety of can-
cers [22-25]. A study demonstrated significant
inverse associations of WT1 expression with
pathological stage, metastasis, and survival
innon-small-cell lung cancer [26]. We searched
for direct targets of miR-153-5p in the miRDB
and TargetScan, and WT1 was identified as a
candidate; this prompted us to assess whether
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Patients and tissue samples

A total of 47 patients with esophageal carcino-
ma and 50 healthy individuals were enrolled
from 2012 to 2014 at the Huaian Hospital.
Inclusion criteria were: ESCC diagnosis; com-
plete clinicopathological data; esophagectomy
performed after diagnosis. TNM classification
was conducted according to the 7" Edition of
AJCC Cancer Staging Manual [27]. Non-tumor
tissue specimens were obtained adjacent to
tumors, more than 5 cm away from the tumor
edge, and validated pathologically. All patients
were treated according to the guidelines for
standardized diagnosis and treatment of
esophageal cancer in China. Tissue samples
were snap frozen in liquid nitrogen and stored
at -80°C. Serum samples were collected from
all participants before any treatment. Clinical
characteristics of the patients are shown in
Table 3. Written informed consent was obtained
from each patient. Approval was obtained from
the Ethics Committee of the First Affiliated
Hospital with of Nanjing Medical University.

MicroRNA microarrays

Serum samples were randomly selected bet-
ween healthy and ESCC participant groups.
Tumor tissues and matched normal tissues
were also randomly chosen. A list of miRNAs
contained in the array used in this study is
available in the Sanger miRB ase V18.0 data-
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Table 2. The TagMan stem-loop primers for reverse transcription PCR and the forward and reverse
primers for real-time PCR

Accession ID Sequence
MIMATO000081 Has-miR-25 Sequence CAUUGCACUUGUCUCGGUCUGA
TagMan primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCAGAC
PCR-F GCATTGCACTTGTCTCG
MIMAT0002844  Has-mir-518b Sequence CAAAGCGCUCCCCUUUAGAGGU
TagMan primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACACCTCT
PCR-F CAAAGCGCTCCCCTTT
MIMATO000646  Has-mir-155 Sequence UUAAUGCUAAUCGUGAUAGGGGU
TagMan primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACACCCCT
PCR-F GGGTAATGCTAATCGTGAT
MIMATO000271 Has-mir-214 Sequence ACAGCAGGCACAGACAGGCAGU
TagMan primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACACTGCC
PCR-F GGGACAGCAGGCACAGACA
MIMATO000617  Has-mir-200¢c Sequence UAAUACUGCCGGGUAAUGAUGGA

MIMAT0026480

Has-mir-153-5p

TagMan primer
PCR-F
Sequence
TagMan primer

GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCCATC
TAATACTGCCGGGTAAT

UCAUUUUUGUGAUGUUGCAGCU
GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAGCTGC

PCR-F TCATGGTTGTGATGTT
ue PCR-F CTCGCTTCGGCAGCACA
PCR-R AACGCTTCACGAATTTGCGT
GAPDH PCR-F GCACCGTCAAGGCTGAGAAC
PCR-R ATGGTGGTGAAGACGCCAGT
WT1 PCR-F GCTTCGGCTTACGGGTCGTT
PCR-R GTGAAGGCGCTCAGGCACTG

base. Samples with RNA integrity number
(RIN) >8 were processed for hybridization. Total
RNA was labeled and hybridized to the miRNA
microarray, according to the standard operat-
ing procedure provided by CapitalBio Corpo-
ration. Scanned images were then imported
into a confocal LuxScan scanner (CapitalBio
Corp). The SpotData Pro software (CapitalBio
Corp) was used for data analysis.

RNA extraction and quantitative real-time PCR

Total RNA was isolated from cultured cells and
human tissue samples with TRIzol reagent
(Invitrogen) according to the manufacturer’'s
instructions; qRT-PCR was performed to vali-
date microarray data. First strand cDNA was
synthesized according to the manufacturer’s
instructions using TagMan MicroRNA Reverse
Transcription Kit with stem-loop RT primer (Life
Technologies, USA). Diluted cDNA was subject-
ed to qRT-PCR using Power SYBR Green PCR
Master Mix on a Roche Lightcycler 480 Real
Time PCR System, with the following condi-
tions: 2 min of pre-denaturation at 95°C and
40 cycles of denaturation at 95°C (15 s) and
annealing at 60°C (60 s). All PCR reactions
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were assessed in triplicate. Relative miRNA
and mRNA expression levels were determined
using the 222¢t method. The primers used for
real-time PCR are shown in Table 2.

Cell culture

The human esophageal cancer cells (EC190,
EC9706, SKGT-5 and TE-1) and human normal
esophageal epithelial (HEEC) cell lines were
purchased from American Type Culture Coll-
ection (ATCC, Manassas, VA, USA). All cells
were maintained at 37°C in a humidified envi-
ronment containing 5% CO, in DMEM with 10%
fetal bovine serum (FBS, Invitrogen) and 1%
of 100 U/mL penicillin and streptomycin
(Invitrogen, CA).

Western blot

Total protein was extracted from cells with 1%
RIPA Lysis Buffer (Beyotime, China). The BCA
method was used for protein quantitation.
Equal amounts of protein were separated by
SDS-PAGE and transferred onto PVDF mem-
branes. Then, the membranes were probed
with relevant antibodies (anti-WT1, anti-E-cad-
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Table 3. Clinicopathological features and the expres-
sion of miR-153-5p in patients with esophageal squa-

mous cell carcinoma

Afterwards, 20 pL of 5 mg/mL MTT were
added per well for 4 h at 37°C. After
careful removal of the supernatant,

DMSO was added to dissolve the forma-
zan crystals; absorbance was measured
at 490 nm on a microplate reader (Bio-

MiR-153-5p
Characteristic Case Low High P value?
expression expression
Age (years) 0.365
<60 21 10 11
>60 26 9 17
Gender 0.534
Male 29 16 13
Female 18 6 12
Pathology type 0.298
Ulcerative type 18 10 8
Medullary type 14 5 9
Fungating type 8 3 5
Constrictive type 4 0 4
Plaque type 2 1 1
Other 1 1 0
Differentiation 0.135
Well 7 2 5
Moderate 21 12 9
Poor 19 12 7
Tumor size 0.033
<4 cm 26 10 16
>4 cm 21 14 7
TNM Classification 0.009
| 7 4 3
Il 14 10 4
] 19 10 9
\Y 7 5 2
Lymph node status <0.001
Negative 25 13 12
Positive 22 13 9

TEK Instruments, USA) at Growth curves
were generated with time and absor-
bance on the horizontal and vertical axes,
respectively.

Invasion assay

Transwell 24-well plates coated with dilut-
ed matrigel were used. After transfection,
cells were appropriately seeded with
serum-free media, with 5% fetal bovine
serum (FBS) used as a chemoattractant.
After 48 h of incubation at 37°C, the
medium was removed, and chambers
were washed twice with PBS. Non-inva-
ding cells in the upper chamber were gen-
tly removed; those migrated to the lower
surface were fixed and stained with 0.1%
crystal violet. Micrographs were obtained
on an Axiovert 200 inverted microscope
(Zeiss, Germany) at x200 magnification.

Luciferase reporter assay

To assess whether miR-153-5p targets
the 3-UTR of WT1, the sequence con-
taining the predicted binding sites was
inserted into the pmirGLO plasmid
(Promega, USA). The WT1 3-UTR frag-
ment containing putative binding sites for
miR-153-5p was cloned downstream of
the firefly luciferase coding region in the
pmirGLO plasmid (Promega, USA), to

a: t-test was used to analyze the correlation between the expression

of miRNAs and clinicopathological features of the patients.

herin, anti-Vimentin and anti-GAPDH) overnight
at 4°C, followed by incubation with secondary
antibodies (Merck, 1:5000) for 1.5 h at room
temperature. Immunoreactive bands were
detected using the ECL detection system; inten-
sities of immunoreactive bands were quantified
using the Quantity One software.

Cell viability assay

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetraz-
oliumbromide (MTT) assay was performed to
assess the relative number of viable cells. Cells
(1x10%/well) were seeded into 96-well plates
and incubated for O, 1, 2, 3, and 4 days.
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obtain the wild type construct (WT).

Mutations in binding sites were intro-

duced by site-directed mutagenesis, and
a mutant (Mut) construct was obtained. All con-
structs were verified by sequencing. For lucifer-
ase reporter assay, TE-1 cells were cultured in
96-well plates and co-transfected with 50
nmol/L of miR-153-5p mimic (or negative con-
trol) and 50 ng of luciferase reporter, using
Lipofectamine 3000. After 48 h of transfection,
luciferase activity was assessed in each sam-
ple with a luciferase assay kit (Promega).

Statistical analysis

Data are shown as median = standard devia-
tion. Group comparison was carried out by
unpaired two-tailed Student t-test, using the
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Figure 1. MiRNA profile of ESCC patients’ serum samples. Each 4 serum
samples were randomly chosen from healthy volunteers (indicates H1-4)
and ESCC patients (indicates E1-4). A: Heat map of all miRNA expres-
sion differences between H and E serum samples included in the Sanger

' miRBase V18.0 database. B: Heat map summarizing the patterns of ex-

pression for 12 miRNAs whose expression was significantly (P<0.05 and
foldchange >4) altered in two groups. C: RT-PCR of seven miRNAs expres-
sion in serum samples. The green bar means donwregulated, red part
means upregulated.
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Figure 2. Expression of miRNAs in ESCC tissues. A: Heat map of 12 miRNAs whose expression was significantly (P<0.05 and foldchange >4) altered between ESCC
tissues (indicates as E1-4) and corresponding normal tissues (indicated as N). B: RT-PCR of seven miRNAs expression in tissues samples.
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Figure 3. The expression of miR-153-5p and its ROC analysis on the diagno-
sis. A: Relative expression of miR-153-5p in groups of healthy individuals and
ESCC. B: ROC analysis of miR-153-5p on the diagnosis of ESCC; AUC 0.84
(95% ClI, 0.75-0.91), P<0.001; Cutoff value is 3.54, sensitivity 89.3% and
specificity 66.0%. **P<0.01 vs healthy individuals.
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serum samples compared
with healthy volunteer speci-
mens. The twelve most aber-
rantly expressed miRNAs are
shown in Figure 1B. To con-
firm the microarray findings,
seven miRNAs, including miR-
25, miR-518b, miR-155, miR-
214, miR-200c, miR-92¢ and
miR-153-5p, were assessed
by gqRT-PCR. Overall, the ex-
pression trends were consis-
tent with microarray findings,
although fold changes dif-
fered somewhat in magnitude
between microarray and qRT-
PCR data. In addition, the
abnormal expression of miR-
214 and miR-92c showed no
statistical significance (P val-
ues of 0.574 and 0.601,
respectively). Next, the above
twelve miRNAs were assessed
in ESCC and corresponding
normal tissues. As shown in
Figure 2A, these miRNAs
showed levels consistent with
serum findings. Meanwhile,

Figure 4. The expression of miR-153-5p and its ROC analysis in predicting
lymph node metastasis. A: Relative expression of miR-153-5p in ESCC tis-
sues with or without lymph node metastasis. B: ROC analysis on predict-
ing lymph node metastasis: AUC, 0.77 (95% Cl, 0.68-0.85), P<0.001; Cutoff
value is 3.70, sensitivity 85.1% and specificity 62.2%.

SPSS20.0 software. P<0.05 was considered
statistically significant.

Results

MiR-153-5p is specifically downregulated in
human ESCC

To obtain the miRNA expression signature of
ESCC, 4 serum samples from patients were
randomly selected in the healthy and ESCC
subject groups, respectively. Then, miRNA
expression levels were evaluated by microRNA
microarrays. Interestingly, 25 miRNAs exhibit-
ed significantly different expression levels
(P<0.05 and fold change >2), including 13
upregulated miRNAs and 12 suppressed ones
(Figure 1A and Table 1). MiR-153-5p was one
of the most downregulated miRNAs in ESCC
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gRT-PCR revealed seven miR-
NAs with different expression
results between tissue sam-
ples. For example, MiR-92c
was upregulated (P=0.037),
while there was no sufficient
evidence indicating miR-518b
downregulation (P=0.542). Such discrepancy
may be due to the small sample size. There-
fore, we focused on miR-153-5p, which was the
only miRNA with consistently significant down-
regulation.

Decreased miR-153-5p expression in ESCC is
correlated with diagnosis and disease severity

To assess the value of serum miR-153-5p in
ESCC diagnosis, miR-153-5p levels were com-
pared between 50 healthy individuals and 47
ESCC patients. As showed in Figure 3A, miR-
153-5p was decreased in the serum of ESCC
patients compared with that in the healthy indi-
viduals. ROC curve analysis indicated an AUC
value for miR-153-5p in diagnosing ESCC of
0.84 (95% Cl, 0.75-0.91) (P<0.01); with a cut-
off value of 3.54, sensitivity and specificity

Int J Clin Exp Med 2017:10(5):7468-7481
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Figure 5. The expression of miR-153-5p and its ROC analysis on the progno-
sis of tumor size. A: Relative expression of miR-153-5p in ESCC tissues with
different size of tumor. B: ROC analysis on predicting tumor size: AUC, 0.66
(95% ClI, 0.56-0.75), P=0.037; Cutoff value is 3.93, sensitivity 71.1% and
specificity 62.0%.
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Figure 6. The expression of miR-153-5p and its ROC analysis on the progno-
sis of tumor staging. A: Relative expression of miR-153-5p in ESCC tissues
with different TNM stage. B: ROC analysis on predicting tumor size: AUC,
0.70 (95% ClI, 0.61-0.79), P<0.001; Cutoff value is 4.02, sensitivity 48.9%

with tumor differentiation or
pathology type in ESCC pa-
tients. Detailed clinical char-
acteristics of the patients
are shown in Table 3. Taken
together, miR-153-5p show-
ed a good prospective appli-
cation in evaluating ESCC
severity.

WT1 is negatively correlated
with miR-153-5p in ESCC
tissues.

Since miR-153-5p plays an
important role in ESCC pati-
ents, it is essential to eluci-
date its potential molecular
mechanisms in this malignan-
cy. Open access software pro-
grams, including TargetScan,
miRBase, miRDB and star-
Base, were used to search for
potential miR-153-5p targets.
WT1 was identified as a can-
didate, and is known to be
overexpressed in many can-
cers, with involvement in
tumor progression. Therefore,
miR-153-5p and WT1 mRNA
levels were assessed in ESCC
tissue samples using qRT-
PCR. As expected, miR-153-

and specificity 88.0%.

were 89.3% and 66.0%, respectively (Figure
3B), suggesting that miR-153-5p could be
favorably used as a biomarker for ESCC diagno-
sis. Then, ESCC patients were subdivided into
two groups according to clinicopathological fea-
tures, and ROC curve analysis was used to
determine the associations of miR-153-5p with
clinical indexes. The results indicated an AUC
value for miR-153-5p of 0.77 (95% Cl, 0.68-
0.85) (P<0.001; Figure 4) in predicting lymph
node metastasis, with a cut-off value of 3.70
and its sensitivity and specificity was 85.1%
and 62.2%, respectively. Furthermore, for pre-
dicting tumor size and tumor stage, AUC values
were 0.66 (95% Cl, 0.56-0.75; P=0.037) (Figure
5) and 0.70 (95% CI, 0.61-0.79; P<0.001)
(Figure 6), respectively. However, miR-153-5p
expression showed no significant correlation
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5p levels in ESCC tissues
were lower than those of the
corresponding normal tis-
sues; meanwhile, WT1 mRNA expression was
significantly increased and negatively correlat-
ed with miR-153-5p levels (P<0.01) (Figure
7A-C). In addition, Western blot showed higher
WT1 protein levels in cancer tissues compared
with paired normal esophageal epithelial tissue
specimens (Figure 7D). These data supported
our hypotheses and required in vitro assays
to further validate WT1 as a direct target of
miR-153-5p.

MiR-153-5p suppresses TE-1 cell growth and
invasion in vitro

Based on the above data, in vitro experiments
were performed to explore the biological func-
tion of miR-153-5p. As shown in Figure 8A,
miR-153-5p expression was significantly higher

Int J Clin Exp Med 2017:10(5):7468-7481
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mRNA’s 3’UTR. WT1 expres-
sion was assessed in miR-

* 153-5p mimics, miR-NC, and
g, control groups by Western
blot. Interestingly, lower WT1
protein levels were found in
: the miR-153-5p mimics group
compared with the two other
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Figure 7. An inverse correlation between WT1 mRNA and miR-153-5p expres-
sion in NSCLC tissues. A: The expression of miR-153-5p was significantly de-
creased in ESCC tissue, compared with normal tissues (*P<0.01). B: The ex-
pression of WT mRNA was significantly increased in ESCC tissue (*P<0.01).
C: Pearson correlation was used to analyze the relationship between miR-
153-5p and WT1 mRNA. D: Western blot showed the expression of WT pro-
tein in ESCC tissues and corresponding normal tissues.

in normal esophageal epithelial cells (HEEC)
compared with values obtained for the human
esophageal cancer cell lines EC190, EC9706,
SKGT-5 and TE-1 (P<0.01), as assessed by
RT-PCR. Next, miR-153-5p mimics and the cor-
responding negative control were successfully
transfected into TE-1 cells for subsequent
studies. MiR-153-5p levels in TE-1 cells were
significantly increased after transfection with
miR-153-5p mimics (P<0.01) compared with
the miR-NC group. Interestingly, TE-1 cell prolif-
eration was suppressed after miR-153-5p over-
expression (P<0.01, Figure 8C) (MTT assay);
meanwhile, Transwell invasion assay indicated
that cell invasion was starkly inhibited in the
miR-153-5p mimics group (Figure 8D, P<0.01).
Furthermore, Western blot showed altered
expression of proliferation and invasion-related
proteins (Figure 8E, 8F). Taken together, these
findings suggested that miR-153-5p inhibited
TE-1 cell growth and invasion ability in vitro.

MiR-153-5p directly downregulates WT1 in
ESCC

Because WT1 was negatively correlated with

miR-153-5p in ESCC tissues, we explored
whether miR-153-5p regulated WT1 through its
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groups (Figure 9A, P<0.01).
Then, WT1 mRNA amounts
were evaluated by qRT-PCR in
TE-1 cells. In agreement with
Western blot data, WT1 mRNA
levels were lower in the miR-
153-5p overexpression group
(P<0.01), as shown in Figure
9B. Furthermore, the com-
plementary sequence of miR-
153-5p was identified in the
3-UTR of WT1 mRNA (Figure
9C), and a mutant was gener-
ated as underlined in the
sequence. A luciferase report-
er assay was then performed
to further validate the inter-
action of miR-153-5p with
WT1. As shown in Figure 9D,
luciferase activity was suppressed by miR-153-
Bp mimics in the WT but not MUT vectors
(P<0.01). Taken together, these findings sug-
gested that WT1 might be a target of miR-153-
5p in TE-1 cells.

ESCC

NC ESCC

Discussion

In Asian countries, ESCC accounts for -90% of
esophageal carcinomas [28] and remains one
of the most aggressive malignancies of the
gastrointestinal tract. Recently, several meta-
analyses showed that chemoradiotherapy plus
surgery significantly reduces three-year mor-
tality compared with surgery alone [29, 30].
However, a study found that only patients with
esophageal adenocarcinoma (EAC) could ben-
efit from neoadjuvant chemoradiotherapy, sug-
gesting that distinct populations have different
responses to neoadjuvant chemoradiotherapy,
which may be associated with ethnic differenc-
es [31]. Therefore, it is important to identify bio-
logical factors involved in the malignant behav-
ior of ESCC.

In recent years, several studies have shown

that microRNAs (miRNAs), which are involved in
the genesis and development of various can-
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Figure 8. MiR-153-5p inhibited TE-1 cell proliferation and invasion in vitro. A: MiR-153-5p was significantly down-
regulated in different ESCC cell lines compared with normal human esophageal epithelial cells HEEC. B: MiR-153-
5p was successfully transfected in TE-1 cells, tested by RT-PCR. C: MTT on TE-1 cells transduced with empty or
miR-153-5p vectors. D: Transwell invasion assay was used to determined invasion ability of TE-1 cells in groups. E, F:
Western blot showed the different expression of proliferation and invasion-related proteins Vimentin and E-cadherin,
between three groups. *P<0.01 vs miR-NC, **P<0.01 vs HEEC.

cers [10], are detectable in plasma or serum
[32, 33]. Indeed, growing evidence suggests
that miRNAs could be used as novel biomark-
ers in cancer diagnosis [34], prognosis [35]
and treatment [36, 37]. In addition, multiple
studies reported that miRNAs dysregulate cell
growth, invasion, metastasis, and apoptosis in
ESCC [13, 38, 39]. A study indicated that miR-

TATT

153-5p is noticeably downregulated in hepato-
cellular carcinoma (HCC) cell lines and tissues,
and suppresses cell migration and invasion by
binding to the 3’'UTR of Snail mRNA [40].
Meanwhile, Xu et al. found differential expres-
sion of miR-153 in mesenchymal-like cells.
After transfecting an miR-153 inhibitor into
epithelial-like cells, mesenchymal phenotype
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was acquired and ectopic expression of miR-
153 significantly inhibited tumor cell metasta-
sis formation by targeting SNAI1 and ZEB2 in
epithelial cancer cells, suggesting its therapeu-
tic value for reducing cancer metastasis [41];
low expression of miR-153 was then found to
be significantly correlated with metastasis and
poor prognosis in oral cancer patients [41]. Bai
et al. assessed miR-153 expression levels in
human pancreatic ductal adenocarcinoma cell
lines and tissues, and found that decreased
miR-153 expression inhibits cell migration and
invasion by targeting SNAI1, and are closely
associated with poor prognostic features and
reduced long-term survival time in patients with
pancreatic cancer [42]. What's more, Zhang et
al. evaluated miR-153 expression in gastric
cancer tissues, and demonstrated that low
expression is prominently correlated with poor
prognostic features and short 5-year survival.
Meanwhile, in vitro experiments revealed miR-
153 promotes gastric cancer cell migration and
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invasion, by inhibiting SNAI1-induced EMT
[43]. However, the exact role of miR-153 in
esophageal cancer remains undefined. In this
study, 25 miRNAs showed differential expres-
sion in ESCC, of which 7 were validated by qRT-
PCR. Among the latter, miR-153-5p was the
only miRNA with consistently significant down-
regulation. Therefore, its biological function in
ESCC patients was assessed. We examined
the clinical significance of miR-153-5p in
esophageal cancer progression, and found it
may serve as a biomarker for ESCC diagnosis.
As shown above, miR-153-5p played a critical
role in ESCC severity; besides, in vitro experi-
ments demonstrated that miR-153-5p inhibit-
ed TE-1 cell proliferation and invasion.

Wilms’ tumor suppressor gene 1 (WT1) encodes
a protein with four zinc fingers, considered to
be involved in transcriptional regulation of sev-
eral genes, including platelet-derived growth
factor A (PDGF-A) chain [44], macrophage colo-
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ny stimulating factor-1 (CSF-1) [45], insulin-like
growth factor (IGF)-Il [46] and retinoic acid
receptor (RAR)-a [47], as well as RNA metabo-
lism [48]. In 2013, Xu et al. reported high WT1
levels in NSCLC tissues, with WT1 promoting
NSCLC cell proliferation [49]. Besides, the ther-
apeutic potential of intravenously infused WT1-
specific CTL clones (TAK-1) was revealed;
indeed, these clones could efficiently lyse
human lung cancer cells in a HLA class I-res-
tricted manner, suggesting WT1-targeted im-
munotherapy offers a potentially effective
treatment option for lung cancer [50]. Impor-
tantly, Qji et al. found WT1 protein expression is
gradually increased through sequential pro-
gression from mild to severe dysplasia, carci-
noma in situ and invasive carcinoma, suggest-
ing that the WT1 gene is involved in the growth
of esophageal epithelial cells and plays an
important role in ESCC tumorigenesis [51]. In
the present study, WT1 mRNA levels were
assessed in ESCC tissues, which showed high
expression. These findings confirmed that WT1
was a bona fide target of miR-153-5p, which
was further validated by Western blot, lucifer-
ase reporter assay, and RT-PCR, in ESCC cell
lines. Our data indicated that WT1 downregula-
tion was mediated by miR-153-5p through its
binding to the 3’'UTR of WT1 mRNA.

Overall, this study demonstrated that miR-153-
5p may serve as a biomarker for ESCC dia-
gnosis, and plays a vital role in ESCC severity.
MiR-153-5p inhibits esophageal cancer cell
proliferation and invasion by targeting WT1. A
direct approach targeting the miR-153-5p/WT1
interaction may constitute a useful therapeutic
alternative in ESCC.
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