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Abstract The function of the epithelial-to-mesenchymal
transition (EMT) during hepatocellular carcinoma (HCC)
progression is well established. However, the regulatory
mechanisms modulating this phenomenon remain unclear.
Homeobox B9 (HOXBY) has been proposed as an onco-
gene in many cancer developments, but its function and
underlying mechanisms in HCC metastasis remain
unknown. HOXB9 modulates EMT through the trans-
forming growth factor-Bl1 (TGF-B1) pathway, which is a
recognized regulator of EMT in HCC cells. The knock-
down of HOXBO decreased the migration and invasion of
HCC cells. Conversely, the HOXB9 overexpression led to
an increase in the above-mentioned phenotypes in HCC
cells. Further analysis of HOXB9-regulated cellular func-
tions showed the ability of this transcription factor to
induce EMT. Moreover, we demonstrated that the TGF-f1
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pathway is important in HOXB9-induced EMT in HCC
cells. These findings define a novel cellular mechanism
regulated by HOXBO9, which controls EMT phenotype in
HCC. This study is the first to illustrate the pivotal function
of HOXBOY in regulating the metastatic behavior of HCC
cells.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer deaths worldwide. The vast majority of HCCs
arise in the context of chronic liver injury, inflammation,
and hepatocyte proliferation provoked by different etiolo-
gies. HCCs have a highly variable clinical course and
include several subgroups with distinct pathways of he-
patocarcinogenesis [1]. These processes share common
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mechanisms with embryogenesis and can be considered as
an aberrant form of organogenesis [2]. The transcription
factors involved in early-stage liver development belong to
the winged helix [3] and zinc-finger families [4], subse-
quently several of them are ascribed to the homeobox gene
family [2].

Homeobox genes (HOX in human) are a family of
homeodomain-containing transcription factors that deter-
mine cellular identity during development. In mammals, 39
HOX genes have been identified and organized into four
paralogous clusters (A-D) located in four different chro-
mosomes [5]. These genes are significantly involved in
embryonic development, particularly for patterning the
anterior-to-posterior axis from the level of the hindbrain to
the end of the spine [6]. Over the past decades, several
HOX genes were identified in normal tissues and tissues of
people with different diseases and metabolic alterations [7].
Recently, numerous studies have demonstrated the dereg-
ulated HOX gene expression in cancer, including lung,
prostate, breast, colon, bladder, and ovarian cancer [8—12].

Little is known about the involvement of HOX genes in
liver cancerogenesis. Recent studies have demonstrated the
implication of Homeobox B9 (HOXBY) in tumorigenesis.
Several studies have suggested that HOXB9 protein is
upregulated in breast tumor. By altering the microenvi-
ronment, the protein induces several tumorigenic pheno-
types and promotes disease progression [13, 14]. HOXB9
expression has also been reported in lung cancer cell lines
[11]. Hayashida et al. [14] demonstrated that in breast
carcinoma, HOXBY9 induces the expression of several
angiogenic factors, such as vascular endothelial growth
factor, basic fibroblast growth factor, interleukin-8, and
angiopoietin-like-2, as well as human epidermal growth
factor and transforming growth factor (TGF)-f1. The
induced expression of these factors activates their respec-
tive pathways, thus causing increased cell motility and
acquisition of mesenchymal phenotypes through epithelial-
to-mesenchymal transition (EMT).

Epithelial-to-mesenchymal transition is a tightly con-
trolled process that is critical for various biological events,
such as embryomorphogenesis, fibrotic diseases, and tumor
metastasis [15]. EMT provides cells the ability to migrate
and invade. In tumor metastasis, carcinoma cells acquire a
mesenchymal phenotype, leading to enhanced motility and
the acquirement of the ability to evade apoptosis; these
changes allow tumor cells to metastasize and establish
secondary tumors at distant sites [16, 17]. Increasing
numbers of signaling molecules implicated in the control of
EMT during embryogenesis and cancer progression is
observed [18-20]. The members of multipotent cytokine
TGF-f superfamily have important functions in the control
of cell proliferation, apoptosis, differentiation, and aging.
TGF-B1 is the most widely used inducer of EMT for
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in vitro studies. Snail and slug zinc-finger transcriptional
factors are known as repressors of E-cadherin, which acts
as EMT inducers and therefore has critical functions in
TGF-B1-induced EMT [21-23].

Although HOXB9Y is known to be upregulated in many
cancers, we are unsure whether the HOXB9 expression is
enhanced in human HCC cell lines. The involvement of
HOXBY9 in EMT and the participation of HOXB9 as a
target of TGF-PB1 signaling are uncertain. We investigated
the HOXBY expression in human HCC cell lines and its
functions in EMT regulation.

Materials and methods
Cell lines and antibodies

Human HCC cell lines (SMMC-7721, HCCLM3, SK-Hep-
1, and Huh-7) were obtained from American Type Culture
Collection (ATCC, Manassas, VA, USA). Normal liver cell
lines such as HL.-7702 and L-02 were obtained from China
Center for Type Culture collection (CCTCC, Wuhan, Hu-
bei, China). The cells were maintained in minimum
essential medium (MEM) (Invitrogen, Carlsbad, CA, USA)
supplemented with 10 % fetal bovine serum (FBS) (Invit-
rogen). Mouse monoclonal HOXBY9, p-Smad2, Smad2,
TGF-B1, Snail, Slug, and ZEB1 were purchased from
Abcam. Mouse monoclonal [-actin antibody was the
product of Santa Cruz Biotech (Santa Cruz, CA, USA).

Plasmids construct

Human cDNA of HOXB9 was cloned as previously
reported [13]. The full-length cDNAs were subcloned into
the multiple cloning sites of the pBabe plasmid, forming
the pBabe HOXB9 expression plasmids. Short hairpin
RNA (shRNA) targeting HOXB9-1(sense:5'-TCGACGCG
AATCTCTCTTTGGCAAGTTCAAGAGACTTGCCAAA
GAGAGATTCGTTTTTTGGAAT-3'; antisense:5'-CTA
GATTCCAAAAAACGAATCTCTCTTTGGCAAGTCTC
TTGAACTTGCCAAAGAGAGATTCGCG-3) and HOX
B9-2(sense:5'-TCGAGGCACCTAAGCATCAGATGGAT
TCAAGAGACTTGCCAAAGAGAGATTCGTTTTTTGG
AAT-3’; antisense:5’-CTAGATTCCAAAAAAGGTAGA
CTACGAATCCACG CTCTTGAACTTGCCAAAGAGA
GATTCGCG-3') were initially inserted into the Sal T and
Xba I sites of pSuper plasmid, forming the pSuper-
shHOXBO-1 and pSuper-shHOXBO-2 plasmids.

Generation of stable cell lines

BEL-4705 cell line was transfected with the pBabe or
pBabe-HOXBY plasmid using the Lipofectamine 2000
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according to the manufacturer’s instructions (Invitrogen).
HepG2 cell line was transfected with the pSuper-Scramble
or pSuper-shHOXBO9-1 and pSuper-shHOXB9-2 plasmids
using the Lipofectamine 2000. Stable transfectants were
obtained after selection by puromycin (Invitrogen; 10 pg/
ml) for 2 weeks. Expression of HOXB9 mRNA and protein
in stable cell lines was analyzed by qRT-PCR and Western
blot, respectively.

qRT-PCR

Total RNA was extracted using Trizol reagent, and cDNA
was synthesized using SuperScript II Reverse Transcriptase
(Invitrogen). qRT-PCR and data collection were performed
with an ABI PRISM 7900HT sequence detection system.
The primers used for the amplification of the indicated
genes are listed in Table S1.

Immunoblot analysis

Cells and tumors were lysed in lysis buffer (1 % Triton
X-100, 150 mM NacCl, 10 mM Tris—HCI, at pH 7.4, 1 mM
EDTA, 1 mM EGTA, containing 2 mM NaF, 1 mM
sodium orthovanadate, 10 pg ml~" leupeptin, 10 pg ml™"
pepstatin, 10 pg ml~" aprotinin, 10 pg ml~' E 64, and
1 mM Pefabloc; EMD). Equal amounts of protein lysates
were loaded and separated by SDS—PAGE and followed by
Western blot.

Confocal immunofluorescence microscopy

Immunofluorescence analysis was performed as described
previously [XX]. Cell lines were plated on culture slides
(Costar, Cambridge, MA, USA) and after 24 h were rinsed
with phosphate-buffered saline (PBS) and fixed in ice-cold
methanol-acetone for 5 min at —20 °C. The cells were
then blocked for 30 min in 10 % BSA (Sigma-Aldrich St.
Louis, MO, USA) in PBS and then incubated with primary
monoclonal antibodies in PBS for 2 h at room temperature.
After three washes in PBS, the slides were incubated for
1 hin the dark with secondary goat anti-mouse, or goat anti
rabbit antibodies (Invitrogen, Carlsbad, CA, USA). After
three further washes, the slides were stained with 4,6-dia-
midino-2-phenylindole (DAPI; Sigma-Aldrich St. Louis,
MO, USA) for 5 min to visualize the nuclei and examined
using an Carl Zeiss confocal imaging system (Zeiss 780).

Wound-healing assay

Cells were seeded in 6-cm culture plates, and the cell
monolayers were wounded by scratching with sterile

plastic 200 pl micropipette tips and photographed using
phase-contrast microscopy immediately and 48 h after
wounding. The assays were independently performed in
triplicate. The migration distance of each cell was mea-
sured after the photographs were converted to Photoshop
files.

Cell invasion and motility assay

Invasion of cells was measured in Matrigel (BD Biosci-
ences)-coated Transwell inserts (6.5 mm, Costar, Cam-
bridge, MA, USA) containing polycarbonate filters with
8-um pores. The inserts were coated with 50 pl of 1 mg/ml
Matrigel matrix according to the manufacturer’s recom-
mendations. About 2 x 10° cells in 200 pl of serum-free
medium were plated in the upper chamber, whereas 600
of medium with 10 % FBS was added to lower well. After
24-h incubation, top cells were removed and bottom cells
were counted. Cells that migrated to the lower surface of the
membrane were fixed in 4 % paraformaldehyde and stained
with 0.5 % crystal violet. For each membrane, five random
fields were counted at 10x magnification. The mean was
calculated, and data were presented as mean = SEM from
three independent experiments done in triplicate. Motility
assays were performed using Transwell membrane inserts
(6.5 mm, Costar, Cambridge) containing polycarbonate fil-
ters with 8-pm pores. Methods used in cell migration assay
were similar to Matrigel invasion assay except that the
Transwell insert was not coated with Matrigel.

Statistical analysis

Data were described as the mean & SD and analyzed by
Student’s two-tailed ¢ test. The limit of statistical signifi-
cance was P < 0.05. Statistical analysis was done with
SPSS/Winl11.0 software (SPSS, Inc., Chicago, Illinois,
USA).

Results

HOXBO was highly expressed in invasive HCC cell
lines

To develop in vitro models to examine the mechanistic
function of HOXB9 in HCC biology, we determined the
protein expression of HOXBO in four human HCC cell
lines (SMMC-7721, HCCLM3, SK-Hep-1, and Huh-7) and
two normal human hepatocytes (HL-7702 and L-02) by
Western blot analysis. Results showed that HOXB9 was
highly expressed in three invasive HCC cells (HCCLM3,
SK-Hep-1, and Huh-7) compared with the noninvasive
HCC cell (SMMC-7721) and normal human hepatocytes
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(HL-7702 and L-02). Real-time reverse transcription-PCR
(qRT-PCR) analysis confirmed that HOXB9 mRNA
expression emulated the protein expression in these cell
lines. Similar to the data shown in Fig. 1a, Huh-7 showed
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Fig. 1 HOXB9 was highly expressed in invasive HCC cell lines.
HOXB9 expression was examined by Western blot analysis (a) and
qRT-PCR (b) in human HCC cell lines and normal human
hepatocytes

Fig. 2 Generation of stable cell

lines. HOXBY protein A
expression was evaluated by
Western blot analysis in Huh-7-
pSuper-Scramble, Huh-7-
shHOXB9-1, and Huh-7-
shHOXB9-2 cells (a). HOXB9—-
mRNA expression was analyzed
by qRT-PCR in Huh-7-pSuper-
Scramble, Huh-7-shHOXB9-1,
and Huh-7-shHOXB9-2 cells
(b). HOXB9 protein expression
was examined by Western blot
analysis in SMMC-7721-pBabe
and SMMC-7721-HOXB9 cells
(¢). HOXB9 mRNA expression
was analyzed by qRT-PCR in C
SMMC-7721-pBabe and
SMMC-7721-HOXB9 cells (d).

**P < 0.01 is based on

Student’s ¢ test. All results are

from three independent

experiments. Error bars

indicate standard deviation
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the highest HOXB9 mRNA expression and SMMC-7721
was among the HCC cells with the lowest HOXB9 mRNA
expression (Fig. 1b).

Generation of stable cell lines

To test the oncogenic activity of HOXB9 in HCC, SMMC-
7721 was selected for HOXB9-overexpression experiments,
and Huh-7 cells were transfected with the pSuper-Scramble
or pSuper-shHOXB9-1 and pSuper-shHOXB9-2 plasmids in
knockdown experiments. The stable overexpression of
HOXBY in SMMC-7721 cell (designated as SMMC-7721-
HOXBY9) and the silencing of HOXB9 in Huh-7 cell (des-
ignated as Huh-7-shHOXB9-1 and Huh-7-shHOXB9-2) were
retrovirally established. The HOXB9 levels in these resultant
cell lines were confirmed by Western blot analysis (Fig. 2a,
¢) and qRT-PCR (Fig. 2b, d).

HOXB9 induces EMT in HCC cells

To investigate whether HOXB9 positively regulates cell
migration and invasion, we initially observed morphological
changes and found that Huh-7-shHOXB9-1 and Huh-7-
shHOXBO9-2 cells reverted to an epithelial phenotype com-
pared with their respective control cells (pSuper-Scramble)
(Fig. 3a). This observation was further confirmed by the
expression analyses of epithelial and mesenchymal markers
(Fig. 3c). HOXB9 knockdown decreased the levels of mes-
enchymal markers (N-cadherin and vimentin) and increased
the levels of epithelial markers (E-cadherin and a-catenin) in
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Fig. 3 HOXB9 regulates the
transition between epithelial and
mesenchymal phenotypes in
HCC cells. Representative
phase-contrast images of Huh-
7-pSuper-Scramble, Huh-7-
shHOXB9-1, and Huh-7-
shHOXB9-2 cells showed
HOXB9-modulated
morphological changes (a).
Representative phase-contrast
images of SMMC-7721-pBabe
and SMMC-7721-HOXB9 cells
showed HOXB9-modulated
morphological changes (b).
Expression of epithelial and
mesenchymal markers was
evaluated by Western blot
analysis in Huh-7-pSuper-
Scramble, Huh-7-shHOXB9-1,
and Huh-7-shHOXB9-2 cells
(c). Expression of epithelial and
mesenchymal markers was
analyzed by Western blot
analysis in SMMC-7721-pBabe
and SMMC-7721-HOXB9 cells

(d)

C
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N-cadherin
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B-actin
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N-caherin a-catenin E-cadherin
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Fig. 4 Expression of epithelial and mesenchymal markers was
analyzed by immunofluorescence stains. Expression of epithelial
and mesenchymal markers was analyzed by immunofluorescence
stains in Huh-7-pSuper-Scramble, Huh-7-shHOXB9-1, and Huh-7-

shHOXB9-1

shHOXB9-2
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D

E-cadherin

a-catenin

N-cadherin

Vimentin

B-actin

SMMC-7721

pBabe HOXB9

SMMC-7721

shHOXB9-2 cells (a). Expression of epithelial and mesenchymal
markers was analyzed by immunofluorescence stains in SMMC-7721-
pBabe and SMMC-7721-HOXB9 cells (b)
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Fig. 5 Expression of epithelial and mesenchymal markers was
analyzed by gRT-PCR. Expression of epithelial and mesenchymal
markers was analyzed by qRT-PCR in Huh-7-pSuper-Scramble, Huh-
7-shHOXBO9-1, and Huh-7-shHOXB9-2 cells (a). Expression of
epithelial and mesenchymal markers was analyzed by qRT-PCR in
SMMC-7721-pBabe and SMMC-7721-HOXB9 cells (b). **P < 0.01
is based on Student’s ¢ test. All results are from three independent
experiments. Error bars indicate standard deviation

Huh-7-shHOXB9-1 and Huh-7-shHOXB9-2 cells compared
with Huh-7-pSuper-Scr cells (Figs. 3c, 4). Moreover, the
expression levels of mRNA correlated with the correspond-
ing protein levels (Fig. 5a), indicating that HOXB9 affects
the expression of epithelial and mesenchymal markers at the
transcript level. Conversely, SMMC-7721-HOXBY cells
reverted to a mesenchymal phenotype compared to the
control cells (Fig. 3b). Consistent with this finding, HOXB9
overexpression decreased the levels of epithelial markers and
increased the levels of mesenchymal markers (Figs. 3d, 4,
5b).

HOXB9 promotes migratory and invasive capacities
of HCC cells in vitro

The effect of HOXB9 in cell migration was initially
assessed by wound-healing assay. Huh-7-shHOXBO9-1 and
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Huh-7-shHOXB9-2 cells had significantly slower closure
of the wound area compared with the control cells
(Fig. 6a). This result was confirmed by Boyden’s chamber
assay (Fig. 6¢). Moreover, Huh-7-shHOXBO-1 and Huh-7-
shHOXB9-2 cells showed a low degree of invasion through
Matrigel (Fig. 6¢). By contrast, HOXB9 overexpression
dramatically increased the migratory and invasive capacity
of SMMC-7721 cells (Fig. 6b, d), indicating that restora-
tion of an epithelial phenotype through EMT may dampen
or inhibit their mobility potential. These results indicated
that HOXB9 promotes migratory and invasive behavior in
HCC cells.

TGF-B1 signaling is required for HOXB9-induced
EMT

Diverse cell-signaling factors, including TGF-f1, Racl,
c-Src, Ras, and PI3K-Akt, have been implicated in EMT.
TGF-B1 induces EMT via Smad2/3-dependent pathway.
Thus, we explored the possibility of TGF-B1 to act as a
pathway effector that controls EMT in HOXBO-induced
HCC cells. The knockdown of HOXBY in Huh-7 cells
significantly reduced TGF-B1 protein expression (Fig. 7a).
Consistent with the results in Huh-7 cells, the expression of
TGF-B1 was elevated in SMMC-7721 cells overexpressing
HOXB? at protein levels (Fig. 7b). These data suggest that
HOXB9 upregulates the TGF-f1 expression in HCC cells.
To investigate the involvement of TGF-B1-dependent sig-
naling in HOXB9-induced EMT, we examined the
expression of phosho-Smad2. Consistent with TGF-f1
activation, phosho-Smad2 expression was elevated in
SMMC-7721-HOXBO9 cells compared with SMMC-7721-
vector cells (Fig. 7b). The HOXBY9 knockdown in Huh-7
cells significantly suppressed Smad2 phosphorylation
(Fig. 7a). Previous studies have shown that TGF-f1 is pro-
invasive by inducing EMT via induction of transcriptional
repressors, including Slug, Snail, and ZEB1 [17, 24-26].
Thus, we measured the expression of these transcriptional
repressors in HCC cells, which was either modulated by
HOXBO or not. As shown in Fig. 7b, Slug, Snail, and
ZEB1 expressions were elevated in SMMC-7721-HOXB9
cells compared with SMMC-7721-vector cells. The
knockdown of HOXBY in Huh-7 cells significantly sup-
pressed Slug, Snail, and ZEB1 expressions (Fig. 7a).
Transforming growth factor-B1 receptor signaling by
using LY364947 suppressed the Smad2 phosphorylation in
SMMC-7721-HOXB9 cells (Fig. 8a). The treatment with
LY364947, an inhibitor of TGF-B1 receptor signaling,
decreased the levels of mesenchymal markers (vimentin)
and increased the levels of epithelial markers (E-cadherin)
(Fig. 8b). LY364947 also decreased the expression levels
of Slug, Snail, and ZEB1 (Fig. 8c). The suppression of
TGF-B1 signaling reduced the migration and invasive
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Fig. 6 HOXBY promotes migration and invasion of HCC cells. Huh-
7-shHOXB9 and SMMC-7721-HOXB9 cells or control vector cells
were subjected to wound-healing assay (a, b), transwell migration (c,
d, upper panels), and Matrigel invasion assays (c, d, lower panels).
The uncovered areas in the wound-healing assays were quantified as a
percentage of the original wound area (a, b). Quantification of
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migrated cells through the membrane and invaded cells through
Matrigel of each cell line are shown as proportions of their vector
controls (¢, d). **P < 0.01 is based on Student’s 7 test. All results are
from three or four independent experiments. Error bars indicate
standard deviation
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Fig. 7 HOXBY regulates TGF-B1 expression in HCC cells. The
expression of TGF-B1, p-Smad2, Smad2, Slug, Snail, and ZEB1 was
analyzed by Western blot analysis in Huh-7-pSuper-Scramble, Huh-7-
shHOXB9-1, and Huh-7-shHOXBO9-2 cells (a). The expression of
TGF-B1, p-Smad2, Smad2, Slug, Snail, and ZEB1 was analyzed by
Western blot analysis in SMMC-7721-pBabe and SMMC-7721-
HOXBO cells (b)

property of SMMC-7721-HOXBO cells (Fig. 8d, e). These
results indicated that HOXBY activates TGF-B1 signaling
pathways implicated in the transformation of mesenchymal
cell outcome, cellular motility, and invasive properties of
HCC cells.

Discussion

Hepatocellular carcinoma is historically characterized by
rapidly infiltrating growth and early metastasis. Given
these pathologic features, approximately 60—80 % of HCC
patients are diagnosed at an advanced stage wherein no
curative treatments are available. [27-29]. Achieving
improvements in therapy requires a thorough understand-
ing of the molecular mechanisms that regulate HCC inva-
sion and metastasis.

Epithelial-to-mesenchymal transition is an essential
process in developmental biology. The process was ini-
tially identified in normal tissue development, such as
during embryogenesis and organogenesis. However, recent
results identified EMT functions and its regulatory factors
as major contributors to wound-healing by fibrosis and
invasive tumor cell behavior [30-32]. In the EMT process,
epithelial cells undergo phenotypic conversion to mesen-
chymal cells by activating the expression of EMT marker
genes. The major function of these genes is transcriptional
repression of the main epithelial molecules, notably the
cell-cell adhesion protein E-cadherin, leading to a mor-
phological change from cytoskeletal rearrangement. Com-
plementary to the epithelial gene repression is
simultaneously induced expression of mesenchymal genes
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coding for N-cadherin, vimentin. The EMT has been shown
to contribute to tumor formation and metastasis of HCC;
however, the mechanisms by which EMT is regulated in
HCC have not been completely elucidated [33-35].

HOX genes regulate several cellular processes,
including angiogenesis and maintenance of cell fate [8,
36]. HOXBY is included in a cluster of homeobox
genes, and the encoded protein functions as a sequence-
specific transcription factor. Previous studies have
shown that HOXBY9 was expressed differently in normal
and cancer tissues. However, the function of the altered
HOXBY expression in the progression of malignancies
remains elusive, and its involvement in liver cancer
invasion and metastasis is unclear. The possible signif-
icance of HOXB9 in HCC is still uncertain. Therefore,
we examined the expression of HOXB9 in HCC cell
lines and then explored the mechanism of HOXBO9 to
promote liver tumorigenicity by EMT.

In this research, in vitro studies in the cell line
models of overexpression or suppression of HOXB9
expression showed that the overexpression of HOXB9
increased the migration and invasion of HCC cells. On
the contrary, HOXB9 knockdown decreased the cancer-
associated phenotypes in HCC cells. HOXB9 induced
EMT in HCC cells. Further mechanistic studies in HCC
cells identified TGF-fB1 as a target of HOXB9 and
showed that TGF-B1 signaling mediates HOXBO9-
induced EMT. Thus, a mechanism regulated by HOXB9
controlling EMT in HCC cells was identified. These
results are correlated with previous reports, suggesting
that HOXBY9 promotes recurrence and metastasis in
other tumor types, such as breast cancer [14]. Our
findings demonstrated a central function for HOXB9 in
the regulation of EMT in liver cancer and expand the
repertoire of pathways that modulate this cellular
process.

Transforming growth factor-f1 triggered the increase
in mesenchymal markers and the decrease in epithelial
markers. TGF-B1 also constructs a preferential environ-
ment for phenotypic transition and induces the inva-
siveness of cancer cells. Smad2 and Smad3 are directly
phosphorylated by TGF-f type I receptor kinases in the
TGF-B1 signaling pathway. TGF-B1 stimulation caused
the phosphorylation of Smad2 and Smad3 on the SSXS
motif in the C terminal residue, which resulted in the
formation of a complex with Smad4 common mediator
and nuclear translocation [21]. Results show that
HOXB9 strongly upregulated TGF-B1 in human liver
cancer cells, and TGF-B1 induction contributed to the
phosphorylation of Smad2. Thus, the regulation of TGF-
B1-Smad signaling by HOXB9 is an important pharma-
cologic tool for the chemoprevention of invasion and
metastasis in cancer.
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Fig. 8 TGF-B1 signaling is required for HOXB9-induced EMT.
Western blot analysis of p-Smad2 and Smad2 protein levels in
LY364947-treated SMMC-7721-HOXB9 cells and their controls (a).
Western blot analysis of E-cadherin and Vimentin protein levels in
LY364947-treated SMMC-7721-HOXB9 cells and their controls (b).
Western blot analysis of Slug, Snail, and ZEB1 protein levels in
LY364947-treated SMMC-7721-HOXB9 cells and their controls (c).
LY364947-treated SMMC-7721-HOXBO cells and the controls were
subjected to a wound-healing assay (d). LY364947-treated SMMC-

In conclusion, results show that HOXB9 overexpression
promotes migration and invasion of HCC cells, which may
contribute to HCC recurrence. Furthermore, HOXB9 induces
EMT through direct upregulation of TGF-f1 EMT inducer.
TGF-B1-Smad signaling is involved in the mechanism by
which HOXB9 induces EMT in HCC. These data implicated
that HOXBY has an important function in mediating HCC
progression and may serve as a therapeutic target for HCC.
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