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Abstract. Epithelial-to-mesenchymal transition (EMT) has
been implicated as a dynamic cellular process in embryonic
development and invasion of human cancers. Snaill is a critical
convergence hub in EMT regulation which transcriptionally
represses E-cadherin expression. Currently, published data
indicate that upregulation of Snail is mainly due to transcrip-
tional activation and regulation of protein stability and cellular
location. However, whether there is an alternative regulatory
mechanism remains unclear. Our study showed that the
expression of miR-153 was noticeably downregulated in hepa-
tocellular carcinoma (HCC) cell lines and tissues, compared
with normal liver epithelial cells (NLCs) and matched adjacent
normal HCC tissues. Ectopic expression of miR-153 inhibited
the migration and invasion ability of HCC cells, while suppres-
sion of miR-153 rescued this inhibitory effect. In addition,
upregulation of miR-153 in HCC cells resulted in a decrease in
epithelial markers, E-cadherin and a-catenin, and an increase
in mesenchymal markers, N-cadherin and vimentin, and vice
versa. Moreover, we demonstrated that miR-153 downregu-
lated Snail expression by directly targeting the 3'-untranslated
region (3'UTR) of Snail. Taken together, our results suggest
that miR-153 plays a critical role in suppressing EMT and
HCC progression by direct suppression of Snail expression.

Introduction

Epithelial-to-mesenchymal transition (EMT) was originally
identified as a dynamic cellular process in embryonic develop-
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ment, during which epithelial cells lose their epithelial cell
characteristics and are converted to motile mesenchymal
cells (1,2). During the past decade, EMT was thought to
underlie metastasis by promoting the achievement of migratory
ability and to play prominent roles in invasion and metas-
tasis of human cancers, including hepatocellular carcinoma
(HCC) (2-4). The hallmarks of EMT include loss of epithelial
markers such as E-cadherin and a-catenin, and acquisition
of mesenchymal markers such as N-cadherin, fibronectin, as
well as vimentin (1). Among these proteins, E-cadherin has
been considered to be a critical switch in EMT. Transcription
factors including members of the Snail family (Snail and
Slug), bHLH factors, Twist and the ZEB family (ZEB1 and
ZEB2) are main molecules involved in orchestrating EMT by
targeting the promoter of E-cadherin gene and abolishing its
expression (5-8).

Snail is the first identified and most important transcrip-
tional repressor of E-cadherin. Snail-induced EMT is partly
due to the direct repression of the E-cadherin promoter. Recent
research indicates that the effects of Snail on epithelial cells
include repressing E-cadherin, promoting the expression of
other transcriptional factors such as ZEBI (9), and activation
of the transforming growth factor-f signaling pathway (10).
As a convergence point in EMT induction, Snail is highly
unstable and is strictly under the regulation of an integrated
and complex signaling network at the transcriptional and
post-transcriptional level in different cellular contexts. This
network includes epidermal growth factor (EGF), fibroblast
growth factor (FGF), hepatocyte growth factor (HGF), trans-
forming growth factor 3 (TGFf), bone morphogenetic proteins
(BMPs), phosphatidylinositol 3-kinase (PI3-K), mitogen-acti-
vated protein kinases (MAPKSs), NFkB pathways, WNTs and
Notch (11-13). At the post-transcriptional level, Snail is dually
regulated by protein stability and cellular location, which is
mainly governed by GSK3p, PAKI, the zinc-finger trans-
porter LIVI and hypoxia-inducible factor oo (HIF-1a) (14-17).
Although activation of the multiple abovementioned signaling
pathways and molecules can contribute to the concentration,
localization and function of Snail, it is reasonable to question
why cancer cells upregulate Snail protein via multiple steps
(such as activated transcription, phosphorylation, nuclear/cyto-
plasmic translocation, and degradation) rather than stop its
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synthesis at the translational level. Therefore, we hypothesized
that alternative regulatory mechanisms of Snail may exist.

MicroRNAs (miRNAs) are a class of small non-coding
RNAs with 20-22 nucleotides that are highly conserved
throughout metazoan species (18). MicroRNAs suppress
gene expression by inhibition of translation or facilitation of
mRNA degradation by binding to the 3'-untranslated region
(3'UTR) of a target mRNA with perfect or near perfect
complementarity (19,20). Recent research has highlighted
the significance of microRNAs as powerful modulators
of EMT and cancer metastasis (21,22). For example, it was
reported that the miR-200 family and miR-205 inhibit EMT
and cell migration by directly targeting E-cadherin repres-
sors, ZEB1 and ZEB2 (23-25). However, whether there are
other microRNAs that regulate the expression of Snail remain
largely unknown.

In the present study, we measured the expression level
of miR-153 in HCC cell lines and tissues and compared it
with that in normal tissues. We also investigated the effect
of miR-153 overexpression on the EMT phenotypes of tumor
cells. We found that miR-153 inhibits HCC migration and
invasion by directly targeting the 3'UTR of the Snail mRNA,
consequently reducing the expression of vimentin, N-cadherin
and vimentin, and increasing the expression of E-cadherin as
well as a-catenin. Our results suggest that miR-153 may play a
crucial role in the EMT process and HCC progression through
downregulation of Snail.

Materials and methods

Tissue specimens and cell cultures. Prior written consent was
obtained from patients, and approval for the use of clinical
materials for research purposes was obtained from the Tongji
Hospital Institutional Ethics Board and was conducted in
compliance with the Declaration of Helsinki Ethical Principles
for Clinical Studies. The 14 HCC tissues and adjacent
non-cancerous tissues used in this study were obtained from
patients who underwent radical operations at Tongji Hospital
of Tongji Medical College of Huazhong University of Science
and Technology.

Cell culture. Primary cultures of normal liver epithelial cells
(NLCs) were established from fresh biopsies of the adjacent
non-cancerous liver tissue; these cultures were maintained
in complete keratinocyte serum-free medium (Invitrogen,
Carlsbad, CA, USA). HCC cell lines, including HepG2,
MHCC97H, Hep3B, MHCC97L, HCCC9810, BEL-7402,
Huh7 and QGY-7703, were grown in Dulbecco's modified
Eagle's medium (DMEM) (Invitrogen) supplemented with
10% fetal bovine serum (FBS) (HyClone, Logan, UT, USA)
and 1% penicillin/streptomycin (Invitrogen).

Plasmid and transfection. The region of the human Snail
3'UTR from 400 to 500 bp, which contained a conserved
miR-153 binding site, was obtained by PCR amplification and
subcloned into pEGFP-C1 (Clontech, Mountain View, CA,
USA) and pGL3 vector (Promega, Madison, WI, USA). The
primers selected were as follows: Snail-3'UTR-GFP-F,
5'-CCGGAATTCGATTCCTGAGCTGGCCTGTC-3' and
Snail-3'UTR-GFP-R, 5'-CCGGAATTCGATTCCTGAGCTG
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GCCTGTC-3"; Snail-3'UTR-luc-F, 5'-CCGCTCGAGGATTC
CTGAGCTGGCCTGTC-3' and Snail-3'UTR-luc-R, 5'-ATA
AGAATGCGGCCGCACACATCGGTCAGACCAGAG-3.

The miR-153 mimics, negative control (NC) and miR-153
inhibitor were purchased from RiboBio Co., Ltd. (Guangzhou,
Guangdong, China). Transfection of the plasmids,
microRNA and microRNA inhibitor was performed using
Lipofectamine 2000 (Invitrogen) according to the manufac-
turer's instructions.

Western blotting. Cells were harvested in sampling buffer
(62.5 mmol/l Tris-HCI (pH 6.8), 10% glycerol, 2% SDS) and
heated for 5 min at 100°C. The protein concentration was
determined by the Bradford assay using a commercial kit
purchased from Bio-Rad Laboratories. Equal quantities of
protein were separated electrophoretically on 12% SDS/poly-
acrylamide gels and transferred onto polyvinylidene difluoride
membranes (Roche). The membranes were probed with
anti-Snail, anti-E-cadherin, anti-N-cadherin, anti-vimentin,
and anti-GFP rabbit antibody (all from Cell Signaling,
Danvers, MA, USA), and anti-a-catenin mouse antibody
(Abcam, Cambridge, MA, USA). Expression of target
proteins was determined with horseradish peroxidase-conju-
gated anti-rabbit/anti-mouse IgG (1:3,000) and enhanced
chemiluminescence (Pierce) according to the manufacturer's
suggested protocols. The membranes were stripped and
reprobed with an anti-B-actin mouse monoclonal antibody
(Boster BA0410) as a loading control.

RNA extraction and real-time quantitative PCR. Total
miRNA from the cultured cells and fresh surgical HCC
tissues was extracted using the mirVana miRNA isolation
kit (Ambion, Austin, TX, USA) according to the manufac-
turer's instructions. cDNA was synthesized from 5 ng of
total RNA using the TagMan miRNA reverse transcription
kit (Applied Biosystems, Foster City, CA, USA), and the
reaction was performed with the following parameter values:
15 min at 37°C, 10 min at 65°C, 5 min at 85°C and -20°C
until use. The expression levels of miR-153 were quantified
using miRNA-Specific TagMan miRNA assay kit (Applied
Biosystems) on the Applied Biosystems 7500 Sequence
Detection system with 20 ul volume reaction containing
2 ul reverse transcription product, 10 pl 2X All-in-One™
gPCR mix, 2 ul PCR forward primer (2 M), 2 ul Universal
Adaptor PCR primer (2 yM) and 4 ul ddH,O. The reactions
were incubated in 96-well plates at 95°C for 10 min, followed
by 40 cycles, and then ramped from 66 to 95°C to obtain the
melting curve. Each sample was analyzed in triplicate. No
template and no reverse transcriptase were included as NCs.
The expression of miRNA was defined based on the threshold
cycle (Ct), and relative expression levels were calculated as
2-[(Ct of miR-153) - (Ct of U6)] after normalization with
reference to expression of U6 small nuclear RNA.

Migration assay. The invasion assay was conducted using a
Matrigel-coated Boyden chamber of a 24-well Transwell plate
consisting of 8-mm membrane filter inserts (Corning). Briefly,
the cells were trypsinized and suspended in serum-free
medium. Then 1.5x10° cells were added to the upper chamber
coated with 50% Matrigel (BD Biosciences), whereas the lower
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Figure 1. Downregulation of miR-153 in HCC cell lines and tissues. (A) Real-time PCR analysis of miR-153 expression in NLCs and HCC cell lines, including
HepG2, MHCC97H, Hep3B, MHCC97L, HCCC9810, BEL-7402, Huh7 and QGY-7703. (B) The expression of miR-153 was examined in paired primary
HCC tissues (T) with paired adjacent normal tissues (ANT) of 14 individual patients. The average miR-153 expression was normalized by U6 expression.
Experiments were repeated at least 3 times. Each bar represents the mean of three independent measurements. "P<0.05, “P<0.01. HCC, hepatocellular carci-

noma; NLCs, normal liver epithelial cells.

chamber was filled with medium with 10% FBS. After incuba-
tion for 36 h, the cells that invaded the coated membrane to
the lower surface were fixed with 4% paraformaldehyde and
stained with hematoxylin. Cell counting was conducted under
a microscope (magnification, x20). All experiments were
performed in triplicate.

Wound-healing assay. Cells were trypsinized and seeded into
6-well tissue culture plates and allowed to reach almost to
confluency for 24 h. Then the cells were serum starved (0.5%
serum) for 24 h. Wounds were created in the confluent cells
using a 100-ml pipette tip, and the cells were then cultured in
complete media (10% serum). Images of cells migrating into
the wound were captured at time-points of 0, 12 and 24 h under
an inverted microscope (magnification, x20). The migration
activity was calculated as the number of cells entering into the
rectangle. All experiments were performed in triplicate.

3D morphogenesis assay. Dishes (24-well) were coated with
growth factor reduced Matrigel (BD Biosciences) and covered
with growth medium supplemented with 2% Matrigel. Cells
were trypsinized and seeded at a density of 10* cells/well,
and medium was replaced with 2% Matrigel every 3-4 days.
Microscopic images were captured at 2-day intervals for
2-3 weeks.

Luciferase assays. Cells (3.5x10%) were seeded in triplicate in
24-well plates and allowed to settle for 24 h. One hundred nano-
grams of pGL3-Snail-3'UTR (wt/mut), or control-luciferase

plasmid plus 1 ng pRL-TK Renilla plasmid (Promega) were
transfected into cells using Lipofectamine 2000 (Invitrogen)
according to the manufacturer's recommendations. Luciferase
and Renilla signals were measured 48 h after transfection
using the Dual Luciferase Reporter assay kit (Promega)
according to the manufacturer's instructions. Three indepen-
dent experiments were performed and the data are presented
as mean + SD.

Statistical analysis. The two-tailed Student's t-test was used
to evaluate the significance of the differences between two
groups in all pertinent experiments. Spearman's correla-
tion analyses were used to analyze the relationship between
miR-153 expression and Snail expression levels. A P-value
<0.05 was considered significant.

Results

miR-153 is downregulated in HCC cell lines and HCC
tissues. Real-time PCR analyses revealed that miR-153 was
significantly downregulated in all 8 examined HCC cell
lines, including HepG2, MHCC97H, Hep3B, MHCC97L,
HCCC9810, BEL-7402, Huh7 and QGY-7703, as compared
with that in the NLCs (Fig. 1A). In addition, comparative
analysis using real-time PCR revealed that miR-153 was
differentially decreased in the 14 examined HCC biopsies
paired with matched adjacent non-cancerous tissues from
the same patient (Fig. 1B), indicating that miR-153 was also
downregulated in HCC.
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Figure 2. Upregulation of miR-153 suppresses the EMT of HCC cells. (A) The invasive properties of the HCC cells transfected with NC or miR-153 were
analyzed by an invasion assay using a Matrigel-coated Boyden chamber. The migrated cells were plotted as the average number of cells per field of view from
3 different experiments, as described in Materials and methods. (B) Representative micrographs of the indicated cultured cells after an 8-day culture in the
three-dimensional spheroid invasion assays. (C) The mobility of cells with NC or miR-153 was measured by testing the rate of wound closure at 0, 12 and
24 h. Original magnification, x200. Error bars represent SEM (n=3). "P<0.05. EMT, epithelial-to-mesenchymal transition; HCC, hepatocellular carcinoma;

NC, negative control.

Enforced expression of miR-153 suppresses migration and
invasive ability of HCC cells. To investigate the biological role
of miR-153 expression in the EMT phenotype and progression
of HCC, we next transfected HCC cells, Huh-7 and HepG2,
with hsa-miR-153 mimic oligonucleotides and examined its
effect on migration and invasion. As shown in Fig. 2A, cells
overexpressing hsa-miR-153 exhibited markedly decreased
invasion compared with the cells transfected with NC, as
determined by Matrigel-coated Boyden chamber invasion
assays. Additionally, three dimensional culture assay displayed
that NC cells exhibited highly invasive behaviors, which were
characterized by many filamentous-like outward pseudopodia
from nearly all individual cells (Fig. 2B). In contrast, the
filamentous-like pseudopodia were significantly decreased in
both of the miR-153-transfected cell lines (Fig. 2B). Moreover,
wound healing assays revealed that the motility and invasive-

ness of the Huh-7 and HepG2 cells were markedly suppressed
by overexpression of miR-153 (Fig. 2C). These results revealed
that upregulation of miR-153 inhibited the EMT phenotypes of
the HCC cells in vitro.

Inhibition of miR-153 promotes the migration and inva-
sion of HCC cells. To confirm the effect of miR-153 on the
EMT phenotypes of HCC cells, miR-153 expession was
inhibited using the miR-153 inhibitor. As shown in Fig. 3A,
Matrigel-coated Boyden chamber invasion assays demonstrated
that silencing of miR-153 expression significantly increased
the number of invaded HCC cells. Three dimensional culture
assay showed that the miR-153 inhibitor-transfected cells
exhibited a morphology typical of highly aggressive/invasive
cells (Fig. 3B). Moreover, wound-healing assays demonstrated
that inhibition of miR-153 markedly accelerated the motility of



ONCOLOGY REPORTS 34: 655-662, 2015

A NC miR-153-in
- . LR AT £ LT e kg, e W+ 4 .
' . B S ; d
o~ e . R o i ALY S
v 4 Laah . 4
[&] ey g . Y Woatntaa i I‘!"l.:
o 5 B v i R ELEe §
% 3 T > '-lkf':._éll (..‘,]‘
prie s s 4 v (_. ks -
- 2 %N L AR e P, St
FETES R s ] e
R >, + W ot A
. e A > R R L
P~ AT 3 * oGS
= B AR R 5 S T
= K a L b N
T s e S e,
ks ‘“, =y R AP
# s o . y
i : vk s e
. . - : I &

HepG2

Huh?7

659

B NC [CImiR-153-in

200
*
e w2}
0 1501
° *
o
k-]
& 100
s
2
= 501
Huh?7

NC miR-153-in

Wound healing assay

M ne
[] miR-153-in
500 r 550 -

] - g *
Em gm r
B 30 E
L ]
2 200 20
E £
;m = 10

° 0h 12h 24h ’ 0h 12h 24h

HepG2 Huh?

Figure 3. Inhibition of miR-153 induces the EMT of HCC cells. (A) The invasive properties of the HCC cells transfected with NC or miR-153 inhibitor were
analyzed by an invasion assay using a Matrigel-coated Boyden chamber. The migrated cells were plotted as the average number of cells per field of view from
3 different measurements, as described in Materials and methods. (B) Representative micrographs of the indicated cultured cells after an 8-day culture in
three-dimensional spheroid invasion assays. (C) The mobility of cells with NC or miR-153 inhibitor was measured by testing the rate of wound closure at 0, 12
and 24 h. Original magnification, x200. Error bars represent SEM (n=3). "‘P<0.05. EMT, epithelial-to-mesenchymal transition; HCC, hepatocellular carcinoma;

NC, negative control.

the HCC cells (Fig. 3C). These results indicate that inhibition
of miR-153 increases the migration and invasion of HCC cells.

miR-153 directly targets the transcriptional factor Snail in
HCC cells. Analysis using three publicly available microRNA
target predictors (TargetScan, Pictar, and miRANDA)
revealed a highly conserved region in the 3'UTR of Snail
mRNA that matches the seed region of miR-153 (Fig. 4A).
Western blotting confirmed that ectopic expression of miR-153
in the HepG2 and Huh?7 cells decreased the expression level of
Snail protein (Fig. 4B), while inhibition of miR-153 in these
cells increased the Snail protein, indicating that upregulation
of miR-153 results in the downregulation of Snail. We also
observed that the expression of epithelial marker E-cadherin

was significantly upregulated in the miR-153-overexpressing
cells, while it was downregulated after miR-153 was inhib-
ited (Fig. 4B). Conversely, ectopic expression of miR-153
evidently decreased the expression of mesenchymal markers
N-cadherin and vimentin, while inhibition of miR-153 obvi-
ously upregulated these markers (Fig. 4B). In order to examine
whether miR-153 regulates Snail expression through directly
targeting the predicted 3'UTR sequence, we then subcloned
the 3'UTR region fragment containing the predicted miR-153
binding sites into the pEGFP-C3 and pGL3 dual luciferase
reporter vectors. As shown in Fig. 4C, ectopic expression
of miR-153 in the HepG2 and Huh7 cells markedly inhib-
ited the GFP protein expression, but not the expression of
GFP-y-tubulin that was used as a control for transfection
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efficiency, suggesting that miR-153 specifically affected the
Snail 3'UTR. Furthermore, a consistent and dose-dependent
reduction in luciferase activity upon miR-153 transfection was
observed in the HepG2 and Huh7 cells, which was reversed by
transfection with the miR-153 inhibitor (Fig. 4D). Point muta-
tions in the tentative miR-153-binding seed region abrogated
the aforementioned suppressive effect of miR-153, demon-
strating that Snail is a bona fide target of miR-153 (Fig. 4D).

Clinical relevance of miR-153 and Snail expression in human
HCC. To further examine whether the function of miR-153 in
the suppression of Snail expression by targeting the 3'UTR of

Snail mRNA identified in the in vitro experiment is clinically
relevant, we examined the expression levels of miR-153 and
Snail in 10 cases of freshly prepared human HCC biopsies.
As shown in Fig. 5A (left), the Snail protein level was rela-
tively lower in the tissues having higher miR-153 expression.
In contrast, higher levels of Snail were found in tissues with
lower miR-153 expression. Furthermore, statistical analysis
demonstrated that miR-153 expression was inversely corre-
lated with Snail (Fig. 5B, r=-0.744, P<0.01), which further
strengthened the notion that miR-153 inhibits the migration
and invasion of HCC through suppression of the EMT modu-
lator Snail.
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Discussion

The key finding of the present study was that miR-153 expres-
sion was noticeably downregulated in the HCC cell lines
and HCC tissues as compared with that in the NLCs and
matched-adjacent normal liver tissues, respectively. We further
demonstrated that ectopic expression of miR-153 reduced EMT
of HCC cells, while inhibition of miR-153 promoted these
effects. Additionally, upregulation of miR-153 in the HCC
cells led to the downregulation of epithelial markers such as
E-cadherin and a-catenin, and upregulation of mesenchymal
markers such as N-cadherin and vimentin. Furthermore, we
demonstrated that miR-153 decreased Snail expression by
directly targeting the 3'UTR of Snail mRNA. These findings
suggest that deregulation of miR-153 may play a crucial role in
promoting EMT and progression of human HCC, and provide
new mechanisms in Snail regulation.

HCC is the fifth most common type of cancer and the
third leading cause of cancer-related mortality worldwide (26).
Although both environmental factors and genetic/epigenetic
alterations are considered to be major etiologies of HCC, the
molecular mechanisms of its development and progression
remain largely unknown (26-28). Thus, it is critical to illustrate
the mechanisms underlying HCC progression. In recent years, a
new class of regulatory RNAs, microRNAs, has been linked to
the molecular pathogenesis of HCC (29,30). Increasing evidence
suggests that microRNAs can act as oncogenes or tumor
suppressors (31). For instance, in HCC, miR-18 and miR-224
were significantly upregulated in HCC compared with non-
cancerous tissues, while miR-199a, miR-195, miR-200a and
miR-125a were downregulated in HCC tissues (32). miR-101
was downregulated in HCC and its overexpression was found
to promote apoptosis and suppress tumorigenicity (33). In
constrast, overexpression of miR-222 promoted cell migration
in HCC by activating AKT signaling (34). These observations
implicate the universal role of microRNAs in carcinogenesis
and malignant progression of HCC. In this study, we found
that miR-153 was significantly downregulated in HCC cell
lines as compared with that in the NLCs. Meanwhile, the
expression of miR-153 was shown to be downregulated in HCC
tissue in comparison with that in the adjacent non-cancerous
tissue from the same patient. Moreover, we demonstrated that
ectopic expression of miR-153 markedly suppressed the EMT
phenotypes of HepG2 and Huh7 cells compared with that of
the control cells, while suppression of miR-153 enhanced the
cell migration and invasion of both cell lines, indicating that
downregulation of miR-153 may correlate with clinical HCC
progression and function as a tumor suppressor. The expression
level of miR-153 was also found to be frequently upregulated in
various human tumor types, including colorectal cancer, HCC
and chronic myeloid leukemia cells (39-41). In disagreement
with our results, it was reported that miR-153 was upregulated
in prostate cancer and overexpression of miR-153 promoted cell
proliferation via downregulation of the PTEN tumor-suppressor
gene (35). This discrepancy in miR-153 expression in prostate
cancer and HCC may reflect the distinct functions of one certain
microRNA in diverse cancer types with different genetic or
epigenetic backgrounds. Actually, the two faces of microRNA
expression have been revealed previously. For example,
miR-181b and miR-181c are upregulated in pancreas cancer but
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downregulated in glioblastoma (20). Recently, it was reported
that downregulation of miR-153 was significantly correlated
with advanced clinical stage of ovarian cancer (36). In addition,
overexpression of miR-153 inhibited stretch stress-enhanced
vascular smooth muscle cell proliferation and the activity of
PI3K-AKT signaling (37). This observation to some degree
provides evidence that supports the inhibitory role of miR-153
in the progression of human cancers. However, the majority of
biological functions of miR-153 in the development and progres-
sion of human cancers have not been revealed.

In recent decades, hepatocellular EMT has been identified to
contribute to liver fibrosis and play pivotal roles in the dissemi-
nation of HCC (4,28). As indicated above, Snail is a powerful
repressor of E-cadherin transcription and a convergent hub of
EMT (6,38). It has been reported that Snail expression is associ-
ated with a poor prognosis of HCC and its overexpression was
found to accelerate HCC invasion by upregulating MMP expres-
sion (39,40). Previous studies found that Snail was regulated
at both the transcriptional and post-transcriptional levels (41).
Signaling molecules such as TGFf, Notch and NFkB increased
the transcription of Snail by directly binding to the Snail
promoter (41,42). Post-transcriptionally, Snail activity is mainly
regulated by phosphorylation, which in turn regulates its subcel-
lular localization (14,41). GSK3 not only promoted the nuclear
translocation of Snail but also led to its rapid degradation via the
proteasome (43). Recently, the role of microRNAs in control-
ling the expression of Snail in human cancers has emerged. It
was shown that miR-34, miR-30a and miR-30b inhibited EMT
by targeting the 3'UTR of Snail mRNA (44,45). In this study,
we first observed that Snail was a theoretical target of miR-153
through bioinformatic analysis. Then, we confirmed that Snail
was a bona fide target of miR-153. In addition, E-cadherin, the
downstream target of Snail, was noticeably increased by the
overexpression of miR-153. The luciferase activity assay and
point mutation analysis confirmed that the downregulation
of Snail was mediated by miR-153 through its binding to the
3'UTR of Snail mRNA.

In summary, the present study provides, for the first
time, an important link between miR-153-mediated migra-
tion and invasion of HCC cells and downregulation of Snail.
Elucidating the precise role of miR-153 in HCC progression
and Snail modulation will not only increase our knowledge of
the pathogenesis of HCC but will also assist in the establish-
ment of novel therapeutic strategies.
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