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Abstract: MicroRNAs (miRNAs) are small, non-coding RNAs which can function as oncogenes or tumor suppressor
genes in human cancers. In the present study, we demonstrated that the expression ofmiR-133a was dramatically
decreased in examined esophageal squamous cell carcinoma (ESCC) cell lines and clinical ESCC tissue samples.
Additionally, miR-133a expression was inversely correlated with tumor progression in ESCCs. We have found that
over-expression of miR-133a significantly suppressed the proliferation, migration and invasion of ESCC cells in vitro.
miR-133a over-expression also significantly suppressed the aggressive phenotype of ESCC in vivo, suggesting that
miR-133a may function as a novel tumor suppressor. Further studies indicated that the EMT-related transcription
factor Sox4 was a direct target gene of miR-133a, evidenced by the direct binding of miR-133a with the 3’'UTR of
Sox4. Notably, the EMT marker E-cadherin or vimentin, a downstream of Sox4, was also down-regulated or up-
regulated upon miR-133a treatment. We have also shown that over-expressing or silencing Sox4 was able to elevate
or inhibit the migration and invasion of ESCC cells, similar to the effect of miR-133a on the ESCC cells. Moreover,
knockdown of Sox4 reversed the enhanced migration and invasion mediated by anti-miR-133a. These results dem-
onstrate that miR-133a acts as a tumor suppressor in ESCC through targeting Sox4 and the EMT process. miR-133a
may serve as a potential target in the treatment of human esophageal cancer.
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Introduction understanding of the progression and the ther-
apy of ESCC.
Esophageal cancer is the eighth most common

cancer and the sixth common cause of cancer- MicroRNAs (miRNAs) are a class of small, non-

related death in the world [1]. Esophageal
squamous cell carcinoma (ESCC) is the most
predominant type of esophageal cancer in
China [2, 3]. Despite the rapid advancement in
diagnosis and therapy for esophageal cancer,
the average 5 year overall survival is still poor,
due to that most cases of ESCC could not be
diagnosed until the disease is at the advanced
stages [4, 5]. Therefore, elucidating the poten-
tial mechanism of tumor development would
help us witth the early diagnosis, as well as

coding RNAs, approximately 19-25 nucleotides.
It negatively regulates gene expression at post-
transcription level by interacting with the 3’un-
translated regions (3'-UTRs) of target mRNAs
[6, 7]. MiRNAs are phylogenetically conserved
and play crucial roles in a number of biological
processes including proliferation, differentia-
tion, apoptosis, metabolism, immunity and de-
velopment progress [8]. Emerging evidence
indicates miRNAs are aberrant expressed in
various tumors, and it can modulate tumor ini-
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Table 1. Relationship between miR-133a expression and
clinicopathological factors in 45 ESCC patients

tion factors, such as snail, zeb and
twist family members [37]. Fur-

Zvalue P value

thermore Sox4 was required in TGF
induced EMT [38]. Sox4 could regu-

Factor MiR-133a Expression
median 25% 75%

Age

<60 3.6507 2.2204 4.8021

>60 4.0220 3.5450 5.5151 -1.251
Gender

Man 3.9919 2.4706 4.7087

Woman 3.6454 2.3409 6.2233 -0.370
Stage

I+l 42188 3.5625 5.9657

H+1V 2.8412 2.0688 4.4342 -2,366
Lymph node status

Negative 4.6350 3.6500 5.5673

Positive 2.87517 1.6461 3.8476 -3.106

late Wnt signal pathway by directly
binding to B-catenin and TCF family
members [39].

0.211
In the present study, we investigated
the role of miR-133a in ESCC pro-
0.712 gression and metastasis. We found

that miR-133a is down-regulated in
ESCC cell lines and clinical tissue
samples, suggesting that miR-133a
0.018 might act as a tumor suppressor
miRNA. Furthermore, we identified
that the EMT regulator SOX4 is one
0.002 of direct target genes of miR-133a.

tiation and progression and function in tumor
cell invasion and metastasis [9-12].

microRNA-133a (miR-133a) is a multicopy gene
with two copies distributed in chromosome 18
and chromosome 20, respectively. miR-133a
has long been recognized as a muscle specific
miRNA which may regulate myoblast differenti-
ation and participate in many myogenic diseas-
es [13-15]. In the tumorigenesis, miR-133a is
expressed at a low level in several cancer cell
lines and solid tumors including ovarian cancer
[16], colorectal cancer [17], bladdercancer [18,
19], breast cancer [20], prostate cancer [21]
and esophageal cancer [22]. The biological tar-
gets of miR-133a have been partially identified,
and miR-133a induces G1 arrest, apoptosis,
and senescence by regulation of key factors in
cell cycle and apoptosis such as Fascini,
IGF1R, SP1, BCL-xL, and EGFR [16-24]. However,
the specific role of miR-133a in ESCC progres-
sion is yet to be fully determined.

SOX4 is a member of the Sox (SRY-related
HMG-box) family of transcription factors with
critical role in embryonic development and in
cell-fate determination during organogenesis of
the heart, pancreas and brain, and lymphocyte
differentiation [25-30]. SOX4 was reported to
be upregulated in multiple cancer types, and
increased SOX4 activity contributes to cellular
transformation, cell survival and metastasis
[31-35]. Most recently, Sox4 has been reported
to induce epithelial-mesenchymal transition
(EMT) via the polycomb epigenetic regulator
EZH2 [36, 37]. Sox4 functions as a high-order
master that governs traditional EMT transcrip-
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MiR-133a is able to inhibit EMT and
metastasis of ESCC cells through
suppressing the function of SOX4. These
results demonstrate that miR-133a is poten-
tially a therapeutic target for esophageal
cancer.

Materials and methods
Samples

Fresh samples from ESCC and corresponding
adjacent tissue were obtained from 45 patients
at Second Hospital Affiliated to Hebei Medical
University between January 2008 and Novem-
ber 2010. The samples immediately snap fro-
zen in liquid nitrogen, and stored at -80°C until
RNA extraction. The tumors were classified
according to World Health Organization classifi-
cation. The study was approved by hospital
ethical committee, and every patient had writ-
ten informed consent. Clinicopathological infor-
mation of the patients about age, sex, stage
and lymph node metastasis was obtained from
patient records, which were summarized in
Table 1.

Cell culture and transfection

The human ESCC cell lines KYSE-150, KYSE-
510, EC-9706 and immortalized human esoph-
agealepithelial cell SHEE were kindly provided
by Dr. Zhang Xun (Tianjin Chest Hospital). TE13
was purchased from the American Type Culture
Collection (Manassas, VA). The cells were cul-
tured in RPMI-1640 (Invitrogen, Carlsbad, CA)
medium containing 10% fetal bovine serum
(FBS, GIBCO), 100 IU/ml penicillin and 100 mg/
ml streptomycinmaintained at 37°C in humidi-
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fied air containing 5% CO,. For transfection,
cells were cultured to 80% confluence and
transfected with recombinant eukaryotic vector
and empty vector using Lipofectamine 2000
(Invitrogen, CA, USA) according to the manufac-
turer’s recommendation.

Quantitative real-time PCR

Quantitative RT-PCR was performed to validate
the miRNA expression level. gRT-PCR was car-
ried out using SYBR®Premix Ex TaqTM (Takara,
Japan). PCR were carried out in triplicate and
analyzed using the ABI Prism 7900HT fast real-
time PCR system (Applied Biosystems, Life
technologies, USA). The relative quantification
values for each gene were calculated by the
288% method using U6 or GAPDH as an internal
reference. All primers were shown in Table S1.

Plasmid constructions

Genomic sequence of human miR-133a, includ-
ing 200 bp flanking sequence, was amplified
from human genome, then inserted into the
BamHI/EcoRI site of the pcDNA3.1 vector
(Invitrogen), named as pcDNA3.1-miR-133a.
The full-length 3'untranslated region (3’'UTR) of
Sox4 was amplified from human genomic DNA,
and was cloned into the downstream of the fire-
fly luciferase coding region of pMIR-GLOTM
Luciferase vector (Promega, USA). The recom-
bined vector was named as pMIR-Sox4.
Mutations of miR-133a binding sites were intro-
duced by site-directed mutagenesis and the
resulted vector was named pMIR-Sox4 -Mut.
Primers used for the constructions were listed
in Table S1. All the constructions were con-
firmed by sequencing.

Cell migration assay

The migration ability was determined using
wound-healing assay. Equivalent TE13 and
KYSE-150 cells were plated into 12-well plates
without antibiotics, cells were transfected with
miR-133a mimic (miR-133a) or mimic control
(NC). 24 h later, transfected cells were wound-
ed with a sterile plastic 100 pl micropipette tip,
the floating debris were washed with PBS and
cultured in serum-free medium. Width of the
wound was measured at different time points.
3-4 different locations were visualized and
photographed under a phase-contrast inverted
microscope.
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Cell invasion assay

Boyden chamber assay was used to examine
cell invasion capability. TEL3 and KYSE-150
cells were transfected with miR-133a mimic,
mimic control, miR-133a inhibitor or inhibitor
control. Sixteen hours later, transfected cells
were trypsinized and resuspended, 1.0x10%
cells in 200 ul RPMI-1640 medium were placed
into the upper chambers (8-mm pore size;
Millipore). The lower chambers were filled with
600 pl complete medium with 10% FBS. After
incubation for 12 h at 37°C, non-invading cells
were removed from the top of the chamber with
a cotton swab. The invasion cells on the lower
surface of the inserts were fixed and stained
with 0.1% crystal violet, and five random fields
for each insert were counted at 200x
maghnifications.

Proliferation assay

MTT assay was used to analyze cell prolifera-
tion. TE13 and KYSE-150 cells were transfect-
ed with either miR-133a mimic (miR-133a) or
mimic control (NC). After 24 h transfection,
cells were seeded into 96-well plate at 5.0x10°
cells/ml and continue cultured for 24, 48, 72,
96 h, and 120 h, respectively. At each time
point, 10 pyl MTT reagent (5 mg/ml, Sigma) was
added to each well, successive incubated for
4 h at 37°C. The supernatant was removed
and 200 pl DMSO (Invitrogen) was added to
dissolve the formazan crystals for 30 min.
Spectrometric absorbance at a wavelength of
570 nm was measured on microplate reader
(Spectra Max M5, MD, USA). Each sample was
tested in triplicate and all experiments were
performed three times.

Cell cycle analysis

Flow cytometry assay was used to analyze cell
cycle. TE13 and KYSE-150 cells were plated
onto the 6-well plate, respectively. After 24 h,
cells were transfected with miR-133a mimic
(miR-133a) or mimic control (NC) using lipo-
fectamine 2000. Six hours after the transfec-
tion, we exchanged the medium with RPMI-
1640 containing 10% FBS. At 48 hours post-
transfection, cells were harvested, fixed over-
night at 4°C and stained with a propidium
iodide solution for 30 min, and then were ana-
lyzed using a Flow Cytometry (Beckman Coulter,
USA) and WinCycle.
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Figure 1. MiR-133a is frequently down-regulated in ESCC cells and tissue specimens. A. The relative mRNA levels of
miR-133a were detected by qRT-PCR and normalized against an endogenous control (U6 RNA). Data are reported
as mean * SD for three independent experiments (*P<0.05, t-test). B. qRT-PCR analysis of miR-133a expression in
45 pairs of primary ESCC tissues and their corresponding adjacent tissues (*P<0.05, Wilcoxon signed-rank test).

In vivo assay

For the in vivo metastasis assays, the stable
cell line TE13-luc-miR-133a and control cell
line TE13-luc-pcDNA3.1 were collected and
suspended in 0.2 ml PBS for each mouse (four
in each group, 6-8 weeks age), and the cells
were injected into left side of the posterior flank
of nude mouse. Thirty minutes after cell injec-
tion, luciferase substrate was added at a dose
of 150 mg/kg and live images of the mouse
were obtained using an IVIS200 (Xenogene,
USA). These data were classified as Day O.
Luciferase activity was measured every 7 days
using the same protocol. Tumor growth was
measured periodically. The fluorescence inten-
sity was calculated using Plus Image-Pro soft-
ware (Media Cybernetics, Bethesda, MD, USA).

Dual-luciferase reporter assay

Cells were seeded into 24-well plates and
cotransfected with 200 ng of pMIR-Sox4 or
pMIR-Sox4-Mut vector and 100 ng of miR-133a
mimic or mimic control, and the pRL-TK plasmid
(Promega, Madison, WI) which was used as
internal normalization. After 48 h, cells were
lysed using the lysis buffer (Promega).
Luciferase reporter gene assay was implement-
ed using the Dual-Luciferase Reporter Assay
System (Promega) according to the manufac-
turer’s instructions. All experiments were per-
formed at least three times.
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Western blotting

Cells were transfected with either miR-133a,
pCMV-Tag-2b-Sox4 or small interfere RNA tar-
get Sox4 (si-SOX4). Total cell extracts prepared
from cells using RIPA buffer (Beyotime, China),
were resolved on 10% gradient SDS-polacry-
lamide gel and transferred NC membranes.
Membranes were blocked for 1 hour in 5% skim
milk in TBST and incubated with primary anti-
body overnight at 4°C, followed by the incuba-
tion with appropriate HRP-conjugated second-
ary antibody at optimized concentration. The
primary antibodies used in this study were as
follows: anti-Sox4 antibody (1:1000, Santa
Cruz), anti-E-cadherin antibody (1:1000, Santa
Cruz), anti-vimentin antibody (1:1000, Santa
Cruz) and anti-B-actin antibody (1:5000, CST).
The densitometry of Western blot results was
measured using ImageJ software.

Immunofluorescence

TE13 Cells were seeded onto glass coverslips
in 24-well plates, washed with PBS, fixed with
4% formaldehyde solution for 20 min at room
temperature, and permeabilized with 0.2%
Triton X-100 for 15 min. Subsequently, cells
were blocked with 2% BSA in PBS for 30 min at
room temperature. Cells were incubated with
primary antibodies (E-cadherin 1:300, and
vimentin 1:400) for 1 h, followed by incubation
with TRITC-conjugated secondary antibodies

Am J Transl Res 2015;7(8):1390-1403
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Figure 2. MiR-133a inhibited the aggressiveness of ESCC in vitro. A. The wound healing was used to detect the mi-
gration ability of TE13 and KYSE150 cells, respectively. B, C. Boyden chamber assay was employed to examine the
invasion ability of TE13 and KYSE150 cells, respectively. The results were from three independent experiments. The
migratory cell number in each group was normalized to the control. Cells were transfected with miR-133a mimic or
mimics control, and miR-133a inhibitor or inhibitor control. D. MTT assay was employed to examine the proliferation
ability of TE13 and KYSE150 cells, respectively. Cells were transfected with miR-133a mimic or mimics control. E.
Flow cytometry analysis was performed to examine the effect of miR-133a on the cell cycle in TE13 and KYSE150
cells, respectively. The right panel showed the percentage of cells in G1, G2 and S phase after transfection of miR-
133a mimics or mimics control. (*P<0.05, t-test).
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Figure 3. Downregulation of miR-133a contributes to ESCC progression in vivo. The miR-133a overexpressed TE13-
luc-miR-133a cells (miR-133a) and negative control cells TE13-luc-pcDNA3.1 (NC) were injected into the mice (5/
group). A. Representative images of tumors are shown in the right on the indicated days. and tumor growth curve in
mice are shown in the left. Data are mean + SD. B. The luciferase intensity of each tumor was measured (right) on
Day 28 and mean luciferase intensity of each group was shown in the left. The pseudo-color scale bars represent
the intensity of light emission with different colors. Data are reported as mean + SD (*P<0.05, t-test).

(Zhongshan Golden Bridge Biotechnology, Statistical analysis

China) for 1 h, and then stained with Hoechst.

Finally, coverslips were observed under a fluo- The data were presented as mean * standard
rescence microscope. deviation (SD). MiR-133a expression in 45
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Figure 4. MiR-133a directly inhibits the expression of Sox4 through its 3'UTR and regulates the EMT of ESCC cells.
A. The miR-133a binding site predicted in the 3’'UTR of Sox4 mRNA. B. Mutant was generated at the seed region
of Sox4 3'UTR as indicated by the underline. A 3’'UTR fragment of Sox4 mRNA containing wild-type or mutant of
the miR-133a binding sequence was cloned into the downstream of the luciferase gene in pMIR vector. C. TE13
cells were transfected with pMIR reporter vectors containing either wild-type or mutant Sox4 3’UTR (indicated as
pMIR-Sox4-3’UTR-wt and pMIR-Sox4-3’UTR-mut) with either miR-133a mimics (indicated as miR-133a) or miR-133a
mimics control (indicated as NC). Luciferase activity was determined 48 h after transfection. D-F. The protein levels
of Sox4, E-cadherin or vimentin was examined by western blot. E, F shows the relative gray values of each band
(normalized to B-actin). Protein bands from three independent western blot assays were quantified using Quantity
One software (Bio-Rad, USA). Data are reported as mean + SD (*P<0.05, t-test).

pairs of primary ESCC tissues and correspond-
ing adjacent tissues was compared by Wilcoxon
signed-rank test. Mann-Whitney test was used
to analyze the relationship between miR-133a
expression levels and clinicopathologic charac-
ters. T-test was used to determine the signifi-
cant differences between control and treat-
ment groups. Statistical analysis was per-
formed using SPSS15.0 software, and p<0.05
was considered to be a statistically significant
difference.
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Results

miR-133a is down-regulated in ESCC cells and
tissue specimens

Firstly, we analyzed the expression level of miR-
133ain human esophageal epithelial cell SHEE
and four human esophageal carcinoma cell
lines including KYSE150, KYSE510, EC9706
and TE13 by gRT-PCR. The results showed that
miR-133a was down-regulated significantly in

Am J Transl Res 2015;7(8):1390-1403
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Figure 5. Sox4 inversely correlates with miR-133a expression and induces an EMT program in ESCC. A. The relative
mRNA levels of Sox4 was detected in 45 paired primary ESCC tissues and their corresponding adjacent tissues (*
P<0.05, Wilcoxon signed-rank test). B. Inverse correlation between miR-133a and Sox4 expression in ESCC tissues.
Sox4 expression was analyzed by qRT-PCR and normalized to GAPDH. The miR-133a expression was detected by
gRT-PCR analysis and normalized to U6 expression. Statistical analysis was performed using Pearson’s correlation
coefficient (r=-0.5935, P<0.001). C. Ectopic expression of SOX4 in TE13 cells. The protein levels of Sox4, E-cadherin
or vimentin was examined by Western blot. D. Immunofluorescence staining for the epithelial markers E-cadherin

and mesenchymal markers vimentin.

all the four esophageal carcinoma cell lines
compared with the SHEE cell line (Figure 1A).
Further, we detected miR-133a expression in
both ESCC tissues and corresponding adjacent
tissues by gRT-PCR. We found that miR-133a
expression was decreased in ESCC tissues
compared with adjacent tissue (n=45, Figure
1B, p<0.05), which indicated that miR-133a
was acted as a tumor suppressor. After analyz-
ing the clinical information of patients, we
found that the aberrant expression level of miR-
133a was associated with the pathological
stage and lymph node metastasis of patients
(Table 1, p<0.05). Taken together, these results
suggest a possible link between reduced
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expression of miR-133a and the progression of
human ESCC.

Downregulation of miR-133a promotes the ag-
gressiveness of ESCC cells in vitro

Next, we tested the functional significance of
miR-133a in ESCC cells. Wound healing assay
showed that the ectopic expression of miR-
133a in TE13 and KYSE150 cells significantly
inhibited cell migration, compared to the con-
trol group (Figure 2A). Additionally, we per-
formed the Boyden chamber assay to investi-
gate the effect of miR-133a on cell invasion. As
shown in Figure 2B and 2C, after transfected

Am J Transl Res 2015;7(8):1390-1403
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Figure 6. Sox4 contributes to miR-133a-suppressed migration and invasion of ESCC cells. (A, B) The cell migration
or invasion was detected by wound healing or Boyden chamber assay in TE13 cells transfected with pCMV or pCMV-
Sox4 vectors, and Sox4 was examined by Western blot. (C, D) The effect of Sox4 knockdown on the cell migration
or invasion was assessed by wound healing or Boyden chamber assay, respectively. Additionally, the silencing ef-
ficiency of Sox4 by siRNA was examined by Western blot. (E, F) The wound healing or Boyden chamber assay was
used to detect the migration or invasion ability of TE13 cells with different treatments, respectively. Additionally, the
silencing efficiency of Sox4 by siRNA was examined by Western blot. (*P<0.05, t-test).

with miR-133a mimics, the invasion ability of
KYSE150 and TE13 cells decreased, compared
to the control group. However, the cells showed
an increased invasion upon the treatment of
miR-133a inhibitor (Figure 2B, 2C). Taken
together, the data strongly suggest that miR-
133a is able to suppress the migration and
invasion of ESCC cells in vitro.

Additionally, we used MTT assay to investigate
the effect of miR-133a on cell proliferation. As
shown in Figure 2D, when transfected with miR-
133a mimics, the proliferation ability of TE13
and KYSE150 cells was down-regulated com-
pared to the control group. Flow cytometric
analysis of cell cycle was performed to investi-
gate the mechanism by which ectopic expres-
sion of miR-133a inhibite cell proliferation. As
showed in Figure 2E, the ectopic expression of
miR-133a in TE13 decreased the percentage
of cells in G2/S phase (54.7%) compared with
control group (68.1%). Similarly, ectopic expres-
sion of miR-133a in KYSE150 cells resulted in
a decreased percentage of cells in G2/S phase
from 41.4 to 27.0 (P<0.05). These results sug-
gest that miR-133a could inhibite cell prolifera-
tion through regulate cell cycle progression.

Downregulation of miR-133a contributes to
ESCC progression in nude mouse xenograft
model

To confirm the tumor suppressor role of miR-
133a, we established a stable cell line with
overexpression of miR-133a, called TE13-luc-
miR-133a (miR-133a), and prepared another
stable cell line TE13-luc-pcDNA3.1 as negative
control (NC). miR-133a and NC cells were
injected into nude mice, and the fluorescence
intensity was measured every 7 days until Day
28. As shown in Figure 3A, the luciferase
intensity of tumor in miR-133a group increased
slowly after Day 7 compared to the negative
control group. The result showed that the
growth ability in miR-133a overexpressed
group was down-regulated compared to the
control group. Figure 3B showed the the lucifer-
ase intensity of tumor in all two groups at Day
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28, the cells proliferation ability in miR-133a
group was significantly reduced relative to the
control group (P<0.05). The results indicate
that miR-133a significantly inhibits the tumori-
genicity of TE13 cells in the nude mouse xeno-
graft model.

MiR-133a directly inhibits the expression of
Sox4 through its 3’'UTR

To gain further insight into the molecular mech-
anism by which miR-133a suppresses migra-
tion and invasion of esophageal carcinoma
cells, we searched for genes targeted by miR-
133a using biological target prediction soft-
wares TargestScan and PicTar. The gene encod-
ing sex-determining region Y-box 4 (SOX4) har-
bored a potential miR-133a binding site within
its 3’'UTR (Figure 4A). To detect whether SOX4
is regulated by miR-133a, the wild type or
mutant 3’'UTR sequence of Sox4 was cloned
into pMIR reporter vector, respectively, as
shown in Figure 4B. The luciferase activity of
pMIR-SOX4-3’UTR-wt construct was significant-
ly decreased upon the over-expression of miR-
133a in TE13 cells, whereas its mutant coun-
terpart was not (Figure 4C). In addition, the
protein level of SOX4 in TE13 and KYSE150
cells was dramatically reduced by miR-133a
(Figure 4D-F). Taken together, these data indi-
cated that SOX4 is a direct target of miR-133a
at least in esophageal cancer.

It is reported that Sox4 acted upstream of the
EMT inducers during EMT, through suppressing
E-cadherin or inducing vimentin expression in
human cancer [37]. To further confirm that
Sox4 acts as a target of miR-133a, we examine
the effect of miR-133a on those two down-
stream effectors of Sox4 by Western blot. As
shown in Figure 4D, 4E, the EMT maker
E-cadherin or vimentin was dramatically up-
regulated or down-regulated upon the overex-
pression of miR-133a in TE13 and KYSE150
cells. Taken together, these data indicate that
miR-133a directly inhibits Sox4 expression via
targeting its 3'UTR and induces EMT of ESCC
cells.
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Sox4 inversely correlate with miR-133a expres-
sion in ESCC tissue specimens

Then, we examined whether miR-133a down-
regulation mediated Sox4 activation in ESCCs
was clinically relevant. As shown in Figure 5A,
correlation studies in 45 ESCCs speciments
showed that miR-133a levels was inversely cor-
related with the expression of Sox4. In addition,
Sox4 expression was markedly up-regulated
compared to adjacent tissues in 45 pairs of
matched esophageal cancer specimens (Figure
5B). We also found that the expression of EMT
markers, E-cadherin and vimentin were also
changed related to SOX4 expression by immu-
nofluorescence and Western blot methods
(Figure 5C, 5D). As can be seen, the epithelial
marker E-cadherin was decreased in response
to SOX4 overexpression, and the mesenchymal
marker vimentin was elevated in response to
SOX4 overexpression, which suggested that
Sox4 could affect the EMT process in TE13
cells.

Sox4 contributes to miR-133a suppressed mi-
gration and invasion of ESCC cells

Having demonstrated Sox4 as a direct target of
miR-133a, we next examined the importance
of Sox4 in miR-133a mediated migration and
invasion of ESCC cells. Ectopic expression of
Sox4 in TE13 cells significantly enhanced cell
migration and invasion ability (Figure 6A, 6B),
however, silencing Sox4 by siRNAs in TE13 cells
decreased migration and invasion ability of the
cells (Figure 6C, 6D), revealing its positive roles
in the contribution of ESCC cells migration and
invasion. Meanwhile, the transfecting or silenc-
ing efficiency of Sox4 in the cells was detected
by Western blot (Figure 6B, 6D lower panel).
Then, we accessed whether the functional
effect of miR-133a on ESCC cells was depen-
dent on Sox4. As shown in Figure 6E and 6F,
ectopic expression of Sox4 abrogated miR-
133a effects on cell migration and invasion. In
parallel, the protein level of Sox4 was confirmed
by Western blot (Figure 6F, lower panel).
Collectively, these results suggested that Sox4
functions as a target of miR-133a, responsible
for miR-133a mediated regulation of the migra-
tion and invasion of ESCC cells.

Discussion

In this study, we found that miR-133a was
markedly decreased in ESCC cell lines and tis-
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sue specimens. Thus, we supposed that miR-
133a may be a novel tumor suppressor miRNA
and its dyregulation may involve in initial tumor-
igenesis and the advanced progress of human
cancer. These results are similar to those for
other malignant cancers, such as colorectal
cancer [17], breast cancer [20] and prostate
cancer [21]. For the mechanism involving miR-
133a downregulation, Chen WS, et al. reported
that the hyper-methylation in the promoter
region was responsible for the reduced expres-
sion of miR-133a [40]. Accordingly, we specu-
lated that this DNA modification might cause
the alteration of miR-133a expression in human
ESCC.

Next, we investigated the function of miR-133a
in ESCC cells. Our data showed that the intro-
duction of miR-133a dramatically repressed
proliferation, migration, invasion and cell cycle
of ESCC cells in vitro. Therefore, our data sug-
gested that the decreased expression of miR-
133a may contribute to the growth and metas-
tasis of cancer and consequently facilitate the
advanced development of ESCC. Furthermore,
we used nude mouse xenograft model to
confirm the role of miR-133a in vivo, we found
that miR-133a significantly inhibited xenograft
tumorigenesis and growth. These results indi-
cated that downregulation of miR-133a contrib-
utes to ESCC progression.

A miRNA can coordinate a large number of tar-
get genes [41]. Several miR-133a targets have
been identifid in different cells and organs.
Such as, EGFR was found to be a target of miR-
133a, which mediates an effect on cell prolif-
eration, migration and invasion ability in pros-
tate cancer cells [21]. Dong et al indicated that
miR-133a could induce a GO/G1-phase arrest
by directly target RFFL and activating p53/p21
pathway [42]. miR-133a directly target Fascinl
(FSCN1) inhibited colorectal cancer cell inva-
sion ability [17]. Our present study found that
Sox4 was a functional target of miR-133a by
luciferase reporter gene assays and western
blot analysis method.

Increasing evidence suggests that Sox4 is over-
expressed in several human cancers and is
closely correlated with tumor invasion and
metastasis [31-35]. It is also one of members
of EMT-transcriptional inducers [36-38]. EMT is
a key developmental program that is often acti-
vated during cancer progression and may pro-
mote resistance to therapy [43]. Zhang et al
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[44] showed that overexpression of SOX4 in
human mammary epithelial cells led to the
acquisition of mesenchymal traits, and enhan-
ced cell migration and invasion. Furthermore,
SOX4 positively regulated the expression of
known EMT inducers and activated the TGF-3
pathway to contribute to EMT [38]. To date,
EMT is an attractive target for therapeutic inter-
ventions, provides a new basis of the progres-
sion of carcinoma towards dedifferentiated and
more malignant states [45, 46]. In our study,
we found that Sox4 had a frequently high
expression in ESCC tumor specimens com-
pared with adjacent tissues. Sox4 expression
inversely correlated with miR-133a expression
in ESCC tissue specimens. And Sox4 was
responsible for miR-133a modulated migration
and invasion of ESCC cells. Notably, we found
that E-cadherin or vimentin, the downstream
effector of Sox4, was also down-regulated or
up-regulated by miR-133a, indicating that miR-
133a may exert functions in migration and
invasion of ESCC cells by modulating EMT
progress.

In summary, we investigated the role of miR-
133a in ESCC progression and metastasis. Our
study indicates that miR-133a may be a novel
tumor suppressor miRNA. miR-133a inhibits
the migration and invasion of ESCC cells
through targeting the EMT regulator Sox4. Our
data provide new insight into the mechanism
responsible for the development of human
ESCC. Therefore, targeting miR-133a could be
a promising therapeutic strategy in ESCC.
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Table S1. Primers used in the paper were listed

Gene Primer Sequence (5’-3’)
Primers for qRT-PCR
ue forward CTCGCTTCGGCAGCACA
reverse  AACGCTTCACGAATTTGCGT
MiR-133a forward TTTGGTCCCCTTCAACCAGCTG
reverse TAAACCAAGGTAAAATGGTCGA
Sox4 forward GTGAGCGAGATGATCTCGGG
reverse CAGGTTGGAGATGCTGGACTC
GAPDH forward CATCACCATCTTCCAGGAGCG
reverse TGACCTTGCCCACAGCCTTG
Primers for Sox4 3'UTR
Sox4 3'UTR-wt forward GAGCTC CTCCGCCTTCTTTTCTAC

Sox4 3'UTR-mut

reverse
forward
reverse

CTCGAG CACGTCTTCTCATTTACACC
GCGACAAATTTTTTCTCAGTGTGTGTG
CTGAATTGTTTTTTTAAAGTCCAGC




