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miR-129-2 suppresses proliferation and migration of esophageal
carcinoma cells through downregulation of SOX4 expression
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Abstract. We report the emerging role of microRNA (miRNA)
deregulation associated with activation of an oncogene SOX4
(a member of the SRY-related HMG-box) in esophageal
carcinoma. Paired esophageal cancer and adjacent non-tumor
tissues were obtained from 42 patients who underwent primary
surgical resection for esophageal cancer. Experiments such
as real-time PCR, western blot analysis, luciferase-reporter
assay, cell proliferation and colony formation assays, in vitro
migration and invasion assays, and a wound-healing assay
were performed to determine the effects of miR-129-2.
We found that SOX4 expression was elevated (P<0.005) in
esophageal tumors (n=42) when compared with its expression
in the controls (n=42). Compared with the normal esophageal
tissues, the expression of miR-129-2 was downregulated in
27 of 31 primary esophageal tumors, while the expression of
SOX4 was upregulated (P<0.001). Restoration of miR-129-2
by transfection with an miRNA expression plasmid led to a
decrease in SOX4 expression, which was accompanied by
reduced migration and proliferation of the cancer cells. These
results suggest that aberrant expression of SOX4 is associated
with repression of miR-129-2, and restoration of miR-129-2
suppresses the migration and proliferation of esophageal
cancer cells. Our results demonstrated that the deregulation
of miR-129-2 leads to aberrant SOX4 expression, presenting a
new paradigm in which the restoration of miRNA suppresses
its oncogenic target in esophageal cancer.
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Introduction

Esophageal cancer is the eighth most common cancer and the
sixth common cause of cancer-related death in the world (1).
Esophageal cancer includes two subtypes, esophageal squa-
mous cell carcinoma (ESCC) and esophageal adenocarcinoma
(EAC). The distribution of these subtypes is different. For
example, ESCC is the most frequent subtype of esophageal
cancer in China, and EAC is the major form of esophageal
cancer in the USA. Both types are generally diagnosed at a late
stage and are associated with a poor prognosis, with a 5-year
survival of <10%. Currently, clinical treatment for this tumor
includes chemotherapy, radiation therapy, and esophagogastric
resection. However, an extremely poor survival is imminent for
many patients (particularly with EAC) despite such treatment,
suggesting that such tumors are resistant to standard therapy.
Therefore, more effective treatment strategies are needed in
order to reduce the morbidity and mortality associated with
such tumors, particularly treatments targeting cancer invasion
and metastasis. Yet, the molecular mechanism(s) involved in
the invasion and metastasis of such tumors is poorly under-
stood.

SOX4 is a member of the SRY-related HMG-box (SOX)
transcription factor family and is involved in a variety of
human malignancies, including prostate, hepatocellular, and
lung cancers, with poor prognostic features and advanced
disease status (2-5). The SOX4 gene encodes a protein of
474 amino acids with three distinguishable domains, including
an HMG box, a glycine-rich region, and a serine-rich region.
The HMG box serves as a DNA-binding region, whereas the
serine-rich domain serves as a transactivation domain (6).
The central domain containing the glycine-rich region located
between the HMG box and serine-rich domains serves as a
novel functional region for promoting apoptotic cell death (7).
In both knock-in and knock-out cells, SOX4 has showed its
oncogenic potentials due to aberrant transformation and
proliferation and metastatic capability (3,8). Recently, it was
found that transcriptional targets of SOX4 are associated with
tumor metastasis and microRNA (miRNA) processing (6,8).
However, few reports have provided direct evidence indicating
a correlation between aberrant SOX4 expression and miRNA
alterations in tumorigenesis.
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miRNAs, a class of small non-coding RNAs, are known to
regulate target gene expression by mRNA degradation or trans-
lational inhibition through imperfect paring at the 3'-end of
untranslated regions (UTRs) (9). Increasing evidence suggests
that abnormal miRNA expression may be closely associated
with epigenetic perturbations in cancer cells (10). Specifically,
several tumor-specific genes have been identified as targets of
miRNAs in cancer (8,11,12), indicating that miRNAs may play
a pivotal role in tumorigenesis and may serve as novel targets
for cancer therapy.

In this study, we report that SOX4 is overexpressed in
esophageal cancer. The expression of miR-129-2, which is
computationally predicted as an upstream regulator of SOX4,
was correlated with SOX4 levels in esophageal cancer samples.
In esophageal cancer cell lines, we further revealed that resto-
ration of miR-129-2 by transfection with an miRNA expression
plasmid led to decreased SOX4 expression, and coincided with
reduced migration and proliferation of cancer cells.

Materials and methods

Patients and tissue samples. The use of human tissues in this
study was approved by the Human Research Ethics Committee
of Guangxi Medical University. Paired esophageal cancer and
adjacent non-tumor tissues were obtained from 42 patients who
underwent primary surgical resection for esophageal cancer
with informed consent between March 2011 and April 2012
at The First Affiliated Hospital, Guangxi Medical University
in China. The clinical stage was determined according to
the revised International Staging System. The tumor or non-
tumor tissues were verified by pathological examination.
The pathological stage, grade, and lymph nodal status were
assessed independently by three experienced pathologists. The
clinical characteristics of the patients, including age, gender,
pathology, as well as tumor-node-metastasis (TNM) staging,
were collected and assessed.

Cell culture and transfection. The NMCI109 cell line was
cultured in RPMI-1640 medium containing 10% fetal bovine
serum (FBS), 100 IU/ml penicillin and 100 pg/ml strepto-
mycin in humidified 5% CO, at 37°C. The NMC109 cell line
was obtained from the Shanghai Cell Bank, Chinese Academy
of Sciences.

The miR-129-2 mimics and miR-129-2 inhibitor were
synthesized by RiboBio Co., Ltd. (Guangzhou, China).
For transfection, cells were grown to 90% confluence, and
transfected with miR-129-2 mimics or its inhibitor with
Lipofectamine 2000 by incubation with Opti-Mem I media
for 4 h. The cells were then transferred into fresh RPMI-1640
with 10% FBS. After incubation for 24 h, the culture medium
was replaced, and fluorescent images were utilized to monitor
transfection efficiency. After 48 h, cells were harvested for
analysis. All assay conditions were performed in triplicate.

Immunohistochemistry. The selected tumor tissues and tissues
adjacent to the tumor (TAT, collected at a distance of 5 cm
from the tumor) were used to constructed TMA slides. Paraffin
sections were cut and mounted on glass slides, and 5-ym sections
from formalin-fixed and paraffin-embedded specimens were
deparaffinized using xylene and rehydrated in graded ethanol.

Samples were then pre-incubated with 3% H,0, to eliminate
endogenous peroxidase activity. Antigen retrieval was achieved
by heating the sections (for 2 min to 100°C) in citric acid buffer
(0.01 mol/l, pH 6.0). Immunohistochemistry was performed
using a 2-step method. Briefly, sections were incubated over-
night at 37°C with the primary antibody. The components of
the Envision detection system were applied with an anti-mouse
polymer (EnVisionl/HRP/Mo; Dako, Glostrup, Denmark). The
SOX4 primary antibodies were mouse monoclonal (American
Research Products, Belmont, MA, USA), and diluted in a ratio
of 1:200 prior to use. Negative controls were carried out using
the same procedures but without the primary antibody.

The percentage of positive tumor cells was determined by
three observers, and the average of 3 scores was calculated.
For scoring, the following categories were defined: none, 0;
mild, 1; moderate, 2; strong, 3 for intensity of staining; <5%,
0; 5-25%, 1; >25-50%, 2; >50%, 3 for the percentage of posi-
tive staining. A general score combining both intensity and
percentage staining was scored as follows: 0-1, negative (-);
2-4, moderate (+); 5-6, strong (++) (13,14).

Real-time PCR. Total RNA was extracted using TRIzol reagent
(Invitrogen, USA) for both miR-129-2 and SOX4 mRNA anal-
yses. For detection of miR-129-2 expression, stem-loop RT-PCR
was performed using SYBR Premix Ex Taq™ (Takara)
according to the manufacturer's protocol. Relative expression
was evaluated by comparative CT method and normalized to
the expression of U6 small RNA. Primers for miR-129-2 were:
stem-loop RT primer, 5-CAGAACAGTGTCGTGACAGTG
ACGATATTGTTCTGGCAAGC-3"; forward, 5-GCGACTGA
CGTCTTTTTGCGGTCTGG-3' and reverse primer, 5'- CAGA
ACAGTGTCGTGACAGTGACGAT-3'". Primers for U6 were:
RT primer, 5-GTCGTATCCAGTGCAGGGTCCGAGGTA
TTCGCACTGGATACGACAAAAATATG-3'; forward, 5'-GC
GCGTCGTGAAGCGTTC-3' and reverse primer, 5'-GTGCA
GGGTCCGAGGT-3'. For detection of SOX4 mRNA expres-
sion, real-time-PCR was performed using QuantiTect
SYBR-Green PCR kit (Qiagen, USA). GAPDH was used to
normalize SOX4 mRNA expression levels. Forward and reverse
primer sequences for SOX4 mRNA were as follows: SOX4
forward, 5'-GTGAGCGAGATGATCTCGGG-3' and reverse,
5'-CAGGTTGGAGATGCTGGACTC-3'; GAPDH forward,
5-AACTTTGGCATTGTGGAAGG-3' and reverse, 5-ACACA
TTGGGGGTAGGAACA-3' (15). All the experiments were
performed in triplicate. The expression of SOX4 and miR-129-2
were normalized to GAPDH and U6, respectively, and were
obtained by: 24", AC, was calculated as C, (SOX4) - C,
(GAPDH) or C, (miR-129-2) - C, (U6).

Western blot analysis. Proteins (30 ug) were separated on
8% SDS-PAGE and transferred to nitrocellulose membranes
(Bio-Rad, Hercules, CA, USA). The membranes were blocked
with 5% non-fat milk and incubated with mouse anti-SOX4
(1:1,000; Abcam, Southampton, UK) or mouse anti-actin
(1:5,000; Sigma) in 5% non-fat milk in TBST at room tempera-
ture for 2 h, followed by exposure to a goat anti-rabbit or
anti-mouse secondary antibody conjugated with horseradish
peroxidase. Signals of the immunoreactive bands were visual-
ized using the ECL detection system (Pierce Biotechnology,
Inc., Rockford, IL, USA).
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Luciferase-reporter assay. The human DNA fragment
containing the 3'-UTR segments of SOX4 mRNA containing
the miR-129-2 binding sites were PCR amplified and cloned
into the Xbal site of the pGL3 vector (Promega, Madison,
WI, USA) (referred to as pGL3-SOX4-wt). With pGL3-SOX4-
wt as a template, mutations in the miR-129-2 binding
sites were performed using a QuikChange® Site-Directed
Mutagenesis kit (Stratagene, La Jolla, CA, USA) (referred
to as pGL3-SOX4-mut). NMC109 cells were transfected in
24-well plates with the wild-type or mutant reporter plasmid
using Lipofectamine 2000. After transfection for 6 h, cells
were transfected again with miR-129-2 or negative control.
Luciferase activity was measured using the dual luciferase
assay system (Promega) after a 36-h incubation.

Cell proliferation and colony formation assays. Cells were
plated in 96-well plates (5,000 cells/well), incubated for 48 h,
and then transfected with 50 nmol/l of miR-129-2 mimics or
its inhibitor or the negative control. At the end of the incuba-
tion, the cell proliferation reagent WST-8 (10 pl) was added to
each well and incubated for 3 h at 37°C. Viable cell numbers
were estimated by measurement of the optical density (OD) at
450 nm.

For the colony formation assay, NMC109 cells were trans-
fected with 50 nmol/l of miR-129-2 mimics or its inhibitor,
cultured in media containing 10% FBS; the medium was
replaced every 3 days. After incubation for 14 days, cells
were fixed with methanol and stained with 0.1% crystal violet
(Sigma). Visible colonies were manually counted. Triplicate
wells were measured for each group.

In vitro migration and invasion assays. For the Transwell
migration assay, 10x10* cells were plated in the top chamber
with a non-coated membrane (24-well insert; 8-um pore size;
BD Biosciences). For the invasion assay, 2x10° cells were plated
in the top chamber with a Matrigel-coated membrane (24-well
insert; 8-um pore size; BD Biosciences). In both assays, cells
were plated in medium without serum, and medium supple-
mented with 10% serum was used as a chemoattractant in the
lower chamber. The cells were incubated for 24 to 36 h. Cells
that did not migrate or invade through the pores were removed
by a cotton swab. Filters were fixed with 90% ethanol, stained
with 0.1% crystal violet, photographed and cell numbers were
counted.

Wound-healing assay. The cultured cells were transfected
with 50 nM miR-129-2 mimics or negative control. At 24 h
post-transfection, the cells were allowed to reach confluence
before dragging a 1-ml sterile pipette tip through the mono-
layer. Cells were then washed and allowed to migrate for 12
or 24 h. At time 0, 12 and 24 h post-wounding, images were
captured. Cell motility was determined according to the
percentage of the repaired area (16). Each assay group was
measured in triplicate.

Statistical analysis. All data are expressed as means =+ SEM
of three independent experiments unless specified other-
wise. Independent Student's t-test was used for comparisons
between groups. One-way ANOVA was applied for multiple
group comparisons with post hoc Bonferroni correction for

Table I. Characteristics of the esophageal cancer patients in
this study.

Characteristics No. of patients (%)
Median age (range), in years 48 (30-74)
Gender
Male 31/42 (73.8)
Female 11/42 (26.2)
Histological type
Squamous 10/42 (23.8)
Adenocarcinoma 32/42 (76.2)
TNM stage
I+1I 12/42 (28.6)
I +1v 30/42 (71.4)

Lymph node metastasis

Positive 24/42 (57.1)

Negative 18/42 (42.9)
Differentiation

Well 6/42 (14.3)

Moderate 11/42 (26.2)

Poor 25/42 (59.5)
Tumor size (cm)

<5 17/42 (40.5)

>5 25/42 (59.5)
Distal metastasis

Positive 37/42 (88.1)

Negative 5/42 (11.9)

TNM, tumor-node-metastasis.

multiple comparisons using SPSS 13.0 for Windows (SPSS,
Inc., Chicago, IL, USA). Differences were considered statisti-
cally significant at P-values <0.05.

Results

miR-129-2 downregulation correlates with advanced TNM
stage in esophageal cancers. The clinical and pathological
data of the 42 esophageal cancer patients are summarized in
Table I. The expression level of miR-129-2 was evaluated in
42 paired esophageal cancer tissues and adjacent non-tumor
tissues by real-time RT-PCR. miR-129-2 was downregu-
lated in 35 tumor tissues when compared with the matched
non-tumor tissues (Fig. 1A). Specifically, downregulation of
miR-129-2 in esophageal cancer tissues was observed in 28
of 30 patients with stage III or IV tumors. The difference
in miR-129-2 expression between the tumor and non-tumor
tissues was statistically significant (Fig. 1B). Furthermore,
the association between miR-129-2 and the clinicopathologic
factors (Table I) was examined in tumor tissues. Our results
revealed that miR-129-2 downregulation was associated with
advanced clinical TNM stage (Fig. 1C), distal metastasis
(Fig. 1D) and lymph node metastasis (Fig. 1E).
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Figure 1. Downregulation of miR-129-2 in esophageal carcinoma tissues and its clinical significance. Paired esophageal cancer and adjacent non-tumor tis-
sues were obtained from 42 patients who underwent primary surgical resection for esophageal cancer. miR-129-2 expression was analyzed by RT-PCR, and
was normalized to U6 expression. (A) Relative expression of miR-129-2 in esophageal carcinoma tissues (n=42) in contrast with matched non-tumor tissues
(n=42). N, non-tumor tissue; T, tumor tissue. (B) miR-129-2 expression in tumor tissues and in adjacent non-tumor tissues. N, non-tumor tissue; T, tumor tissue.
“P<0.001. (C) miR-129-2 expression in patients with stages III-IV and in those with stages I-II. “P<0.001. (D) miR-129-2 expression in patients with distal
metastasis [m (+)] and in those without metastasis [m (-)]. “P<0.001. (E) miR-129-2 expression in patients with lymph node metastasis [m (+)] and in those

without metastasis [m (-)]. “P<0.05.

SOX4 protein levels are inversely correlated with miR-129-2
expression in esophageal cancer tissues. Several genes have
been identified as the putative targets of miR-129-2 by compu-
tational prediction. In this study we focused on oncogene SOX4.
Among the 42 pairs of matched esophageal cancer specimens,
20 pairs were randomly selected for analysis of SOX4 mRNA
by RT-PCR and SOX4 protein by western blotting and immu-
nohistochemistry. Expression of SOX4 was absent in 12 of the
20 normal esophageal samples (60%) and in 4 of the 20 (20%)
carcinomas. Representative examples of SOX4 protein expres-
sion in esophageal cancer samples are shown in Fig. 2A-D.
We also examined the association between SOX4 protein and
miR-129-2 in these 20 esophageal tumor samples. A statisti-
cally significant inverse correlation was observed between
miR-129-2 and SOX4 protein (Fig. 2E); low expression of
miR-129-2 was correlated with high amounts of SOX4 protein.

SOX4 is a direct target of miR-129-2. To determine whether
miR-129-2 directly targets the 3'-UTRs of SOX4 mRNA,
we cloned a sequence with the predicted target sites of
miR-129-2 or a mutated sequence with the predicted target
sites downstream of the pMIR luciferase reporter gene. When
the wild-type or mutation-type vector was transfected with
miR-129-2, the luciferase activity of the wild-type vector was
significantly decreased (P<0.001) when compared with the
mutation-type vector (Fig. 3). When the wild-type or mutation-
type vector was transfected with the negative control miRNA,
there was no significant difference between the wild-type or
mutation-type vector. These data suggest that miR-129-2 may
play a major role in the regulation of SOX4 expression.

miR-129-2 overexpression restrains cell growth and SOX4
expression in esophageal carcinoma cell lines. To investigate
the biological function of miR-129-2 in esophageal cancer, we
first elevated the expression level of miR-129-2 in NMC109
cells by transfecting the cells with 25 nM of the miR-129-2
high-expression plasmid. Overexpression of miR-129-2 signif-
icantly suppressed the growth of NMC109 cells (Fig. 4A).
Blocking endogenous miR-129-2 through transfection with
50 nM of the inhibitor resulted in more rapid proliferation
compared to the control cells. Furthermore, transfection of
miR-129-2 mimics in the NMC109 cells resulted in a significant
decrease in colony formation in soft agar compared with the
control mimics (Fig. 4B). Conversely, silencing of miR-129-2
in NMC109 cells increased the colony formation (Fig. 4C).
These results indicate that miR-129-2 inhibits esophageal
carcinoma cell proliferation in vitro.

To analyze the effect of miR129-2 on SOX4 protein
expression, we used cultured NMC109 cells transfected with
miR129-2 mimics and inhibitor. Western blot analysis revealed
that miR129-2 mimics significantly decreased SOX4 protein
expression by 87.3% (0.127+0.083 vs. 1.000+0.162, P<0.01)
(Fig. 4D). Conversely, the miR-129-2 inhibitor significantly
increased SOX4 protein expression by 106.3% (2.063+0.181
vs. 1.000+0.162, P<0.01), compared with the control. These
results indicate that miR-129-2 directly inhibits SOX4 protein
expression in NMC109 cells.

miR-129-2 overexpression inhibits cell invasion and migration
in esophageal carcinoma cell lines. Given that the expres-
sion of miR-129-2 is inversely correlated with metastasis of
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Figure 2. SOX4 protein and mRNA are upregulated in esophageal carcinoma tissues. Twenty pairs of matched esophageal carcinoma specimens were ran-
domly selected to determine the expression levels of SOX4 mRNA and protein. (A) Relative expression of SOX4 protein in esophageal carcinoma tissues
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mRNA levels and were presented as the relative SOX4 mRNA expression (“P<0.01). (C) Representative gels for SOX4 protein levels in 4 pairs of tumor tissues
(T) and matched non-tumor tissues (N). (D) Immunohistochemical staining for SOX4 with anti-SOX4 in the cancerous and normal tissues. The nuclei were
counter stained with hematoxylin. N, non-tumor tissue; T, tumor tissue. (E) Correlation between miR-129-2 expression and SOX4 protein levels in esophageal

carcinoma tissues (Pearson correlation -0.752, “P<0.05).

™
@0

pGL3-SOX4-wt pGL3-SOX4-mut

n

o
- L]

Relative luciferase activity
)
o

Figure 3. The 3'-UTR of SOX4 mRNA is a target for miR-129-2. The wild-type
(wt) or mutant reporter plasmid was co-transfected into NMC109 cells with
miR-129-2 or negative control (NC). The normalized luciferase activity in
the control group was set as relative luciferase activity. Luciferase activity
of pGL3-SOX4-wt was significantly decreased by miR-129-2 (“'P<0.01). All
data are representative of three independent experiments.

esophageal cancer, we tested whether miR-129-2 affects the
ability of cancer cell migration and invasion. Transwell migra-
tion and Matrigel invasion assays demonstrated that miR-129-2
significantly reduced the migration and invasion capacity of
the NMC1009 cells (Fig. 5A). The in vitro wound-healing assay
revealed that wound repair in the NMC109 cells transfected
with the miR-129-2 mimics was delayed when compared with
the wound repair capacity in the cells transfected with the
control mimics. miR-129-2 suppressed NMC109 cell migra-
tion by up to 69% (P=0.013), compared with the control at

24 h after wound scratch (Fig. 5B). These data demonstrate
that miR-129-2 inhibits invasion and migration in esophageal
carcinoma cell lines.

Discussion

Three major findings were revealed in this study. First, we
showed that SOX4 expression was elevated in the esophageal
tumor tissues and SOX4 is a direct target of miR-129-2 by
virtue of its matched sequence in the 3'-UTR. Second, using
RT-PCR analysis, we showed that miR-129-2 was downregu-
lated and associated with advanced clinical TNM stage, lymph
node metastasis and distal metastasis. Moreover, miR-129-2
expression had an inverse correlation with SOX4 protein
levels in the esophageal cancer tissues. Finally, we showed that
miR-129-2 overexpression restrained cell growth and inhibited
cell invasion and migration in the cultured esophageal carci-
noma cell lines.

SOX4 belongs to the group C of SOX transcription factors,
which was discovered more than 15 years ago (17). Yet, the
molecular properties and functions remain incompletely
understood. It has been well known that SOX4 binds to the
7-bp DNA-motif AACAAAG, and transcriptionally activates
its target genes (17,18). A motif (AACAATA) in the human
CD?2 gene has been recognized as the alternative motif of
SOX4-binding and has been observed in vitro (19). To date,
knowledge of putative complex partners and genes under
control of SOX4 remains unclear. Recently, evidence indicates
that SOX4 may critically control cell fate and differentiation
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in major developmental processes, and that its upregulation
may be a critical determinant of cancer progression (20-22).
For example, SOX4b involvement in cell differentiation was
suggested by its upregulation in mind bomb mutant embryos
displaying accelerated pancreatic cell differentiation (23).
Knockdown of SOX4 protein was found to result in reduction
in cell viability and increase in apoptosis in ACC3 cells. A
pro-apoptosis molecule, P53, may be responsible for induc-
tion of apoptosis, as SOX4 interacts with and stabilizes p53
protein by blocking Mdm?2-mediated p53 ubiquitination and
degradation (24). However, several reports found contra-
dicting findings and showed that SOX4 expression in cancer
cells could effectively drive cells into apoptosis (25,26). More
recently, an intriguing report showed that SOX4 positively
regulated expression of known epithelial-mesenchymal transi-
tion inducers, and activated the TGF-f3 pathway to contribute to
epithelial-mesenchymal transition in human breast cancer (21),
suggesting that SOX4 may play an important role in breast
cancer progression. Overexpression of SOX4 was associated
with a high incidence of myeloid leukemias and B- and T-cell
lymphomas (27,28).

Several reports have shown that upregulation of SOX4
occurs in a variety of human cancers, including hepatic (29),
breast (30), brain (31), lung (32) and salivary gland cancers
(33). However, there is no report indicating the alteration of
SOX4 expression in esophageal cancer. In the present study,
SOX4 was found to be upregulated in esophageal cancer
tissues. This result corroborated the SOX4 alteration noted in
most human cancer tissues mentioned above. Furthermore, we
found that increased SOX4 protein expression was inversely
associated with the downregulation of miR-129-2. To the best
of our knowledge, this is the first report in esophageal tumors.

In the past decade, miRNAs have emerged as important
players involved in carcinogenesis (34-36). Recently, aberrant
expression of miR-129-2 has been found in different types of
human cancers, including endometrial cancer (11), retinoblas-
toma (37), gastric cancer (38,39) and colorectal cancer (40).
In the present study, we found that miR-129-2 expression was
significantly downregulated in esophageal cancer tissues.
miR-129-2 appears to be a tumor repressor which is inversely
associated with its specific target gene, SOX4. This notion
was further verified by results of experiments in cell culture,
which revealed that overexpression of miR-129-2 inhibited
cell growth and invasion. Data from recent reports also
support this speculation (38,40). Although evidence indicates
that miR-129-2 expression may be regulated by miRNA-
specific hypermethylation and histone-deacetylation (12,38),
the precise mechanisms involved in the downregulation of
miR-129-2 in esophageal cancer tissue need to be further
investigated, such as whether other transcription factor(s) take
part in the role of miR-129-2 in the regulation its target gene(s).

In summary, the data presented here are consistent with
the hypothesis that miR-129-2 suppresses the proliferation
and migration of esophageal carcinoma through downregula-
tion of it specific target gene SOX4. However, we emphasize
that miR-129-2 restoration may be capable of controlling
tumor-specific gene(s), consequently favoring cell growth and
migration. Further studies should be directed toward a more
complete understanding of the precise molecular mechanism(s)
underlying the miRNA downregulation during tumorigenesis.
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