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Cetrimonium Bromide Inhibits Cell Migration and Invasion
of Human Hepatic SK-HEP-1 Cells Through Modulating the
Canonical and Non-canonical TGF-f§ Signaling Pathways
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Abstract. Background/Aim: Cetrimonium bromide (CTAB),
a quaternary ammonium surfactant, is an antiseptic agent
against bacteria and fungi. However, the mechanisms by
which its pharmacological actions affect epithelial-
mesenchymal transition (EMT) in hepatocellular carcinoma
(HCC) cells, such as adenocarcinoma in SK-HEP-1 cells,
have not been investigated. We, thereby, investigated whether
CTAB inhibits cellular mobility and invasiveness of human
hepatic adenocarcinoma in SK-HEP-1 cells. Materials and
Methods: SK-HEP-1 cells were treated with CTAB, and
subsequent migration and invasion were measured by wound
healing and transwell assays. Protein expression was detected
by immunoblotting analysis. Results: Our data revealed that
treatment of SK-HEP-1 cells with CTAB altered their
mesenchymal spindle-like morphology. CTAB exerted
inhibitory effects on the migration and invasion of SK-HEP-1
cells dose-dependently, and reduced protein levels of matrix
metalloproteinase-2 (MMP-2), MMP-9, snail, slug, twist,
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vimentin, fibronectin, N-cadherin, Smad2, Smad3, Smad4,
phosphoinositide-3-kinase (PI3K), p-PI3K, Akt, p-Akt, [3-
catenin, mammalian target of rapamycin (mTOR), p-mTOR,
p-p70S6K, p-extracellular signal-regulated kinases (ERK)1/2,
p-p38 mitogen-activated protein kinase (MAPK) and p-c-Jun
N-terminal kinase (JNK), but increased protein levels of tissue
inhibitor matrix metalloproteinase-1 (TIMP-1), TIMP-2,
claudin-1 and p-GSK3f3. Based on these observations, we
suggest that CTAB not only inhibits the canonical
transforming growth factor-f (TGF-3) signaling pathway
though reducing SMADs (an acronym from the fusion of
Caenorhabditis elegans Sma genes and the Drosophila Mad,
Mothers against decapentaplegic proteins), but also restrains
the non-canonical TGF-f signaling including MAPK
pathways like ERKI1/2, p38 MAPK, JNK and PI3K.
Conclusion: CTAB is involved in the suppression of TGF-{3-
mediated mesenchymal phenotype and could be a potent
medical agent for use in controlling the migration and
invasion of hepatic adenocarcinoma.

Liver cancer, also known as hepatic cancer, accounts for more
than 4.7 percent of all cancer cases and was ranked as the
third highest mortality cause among the world’s most
common cancers in 2018 (8.2%) (1). Liver contain
parenchymal and non-parenchymal cells (NPCs) (2).
Hepatocytes are the major parenchymal cells and constitute
about 80% of the liver population. Parenchymal liver cancer
can be classified into two major types: i) hepatocellular
carcinoma (HCC) and ii) hepatoblastoma. Non-parenchymal
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liver cells can be categorized into numerous types, including
biliary epithelial cells, Kupffer cells (KCs), hepatic stellate
cells (HSCs), dendritic cells (DCs) and liver sinusoidal
endothelial cells (LSECs). Non-parenchymal liver cancer can
also come from their respective structures within the liver,
such as the bile duct, blood vessels, immune cells and LSECs.
Cancers derived from non-parenchymal liver cancer of the
bile duct are called cholangiocarcinoma and cholangiocellular
cystadenocarcinoma. Tumors originating from blood vessels
are called angiosarcoma, hemangioendothelioma, embryonal
sarcoma and fibrosarcoma. Adenocarcinoma and lymphomas
are classified as rarely malignant tumors arising from non-
parenchymal liver cancer of LSECs and immune cells
respectively. The prognosis for liver adenocarcinoma is poor
due to the greater tendency for vascular invasion, metastasis
and recurrence (3). The SK-HEP-1 cell line, used in this
study, originating from LSECs, has been derived from the
ascitic fluid of a 52-year-old male Caucasian with hepatic
adenocarcinoma (4).

Exploring the pathogenesis of liver cancer, studies have
shown that metastasis is the major cause of cancer-related
mortality (1, 5). However, the process of metastasis remains
one of the extremely mysterious fields in cancer. In general,
the metastatic spread of cancer cells have to be accompanied
by resultant changes in the physiological state of the cells,
including: 1) the increase in cellular motility and invasion, ii)
the destruction of cell-cell interactions, iii) the expansion of
cell-matrix adhesion, and iv) the degradation of the
extracellular matrix (ECM) (6). The first step of the metastatic
process is invasion. This includes the step of epithelial to
mesenchymal transition (EMT), and subsequently the
mesenchymal to epithelial transition (MET). The initiation of
EMT exacerbates motility and invasiveness of many cell types
and is supposed to be the prerequisite for tumor infiltration and
metastasis (7). Therefore, inhibition of EMT of cancer cells is
an important mechanism for preventing cancer progression.

In this study, cetrimonium bromide (CTAB,
[(C16H33)N(CH3)3]Br) was identified as an effective
compound against SK-HEP-1 cell migration by screening the
small-molecule database with a high throughput cellular
screening system. CTAB is classified as a compound of
quaternary ammonium and is widely used as an antiseptic
agent against bacteria and fungi (8). Quaternary ammonium
derivatives also include the benzethonium chloride and
dequalinium chloride. Both of them are resistant to cancer
by inhibiting some aspect of mtDNA synthesis (8-10). Other
derivatives of quaternary ammonium conjugated with
chlorambucil and melphalan have also exhibited significant
cytotoxicity against chondrosarcoma (11). In addition, CTAB
has been shown to be cytotoxic against human head and neck
cancer (HNC) cell lines through a mitochondria-mediated
apoptosis pathway (12). However, it is still unknown
whether the cytotoxic effects of CTAB, including its anti-
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viability, anti-proliferative and anti-migration action in liver
cancer. In the present study, we determined whether CTAB
could inhibit the migration and invasion of the SK-HEP-1
hepatic adenocarcinoma cells. We also investigated the
effects of CTAB on molecular changes in SK-HEP-1 cells in
terms of cancerous EMT. Finally, we assessed the anti-
metastatic effects of CTAB on EMT in SK-HEP-1cells and
its possible molecular mechanism(s) of action.

Materials and Methods

Chemicals and antibodies. CTAB was purchased from Sigma (St.
Louis, MO, USA). TGF-f31 was purchased from PeproTech (Rocky
Hill, NJ, USA). Cell proliferation reagent WST-1was purchased
from BioVision (Milpitas, CA, USA). Radio immunoprecipitation
assay (RIPA) lysis buffer was purchased from Santa Cruz
Biotechnology (Dallas, TX, USA). All antibodies except for anti-
fibronectin antibody (Abcam, Cambridge, MA, USA) were
purchased from Cell Signaling Technology (Beverly, CA, USA).

Cell culture. The permanent cell line, SK-HEP-1, is a hepatic
adenocarcinoma line derived from liver sinusoidal endothelial cells.
This cell line was obtained from the American Type Culture
Collection (ATCC, Wiltshire, USA). SK-HEP-1 cells were
maintained in Minimum Essential Medium (Gibco, Carlsbad, CA,
USA) with 10% fetal bovine serum (Gibco), 100 units/mL
penicillin, 100 pg/mL streptomycin (Invitrogen, Carlsbad, CA,
USA), and 100 pM non-essential amino acids (Gibco) in a
humidified atmosphere containing 5% CO, at 37°C.

Cell-cycle analysis. Following treatment, cells were washed twice
with phosphate-buffered saline (PBS; Invitrogen, Carlsbad, CA,
USA) and were then fixed in 70% ethanol overnight at —20°C. Fixed
cells were stained with a solution containing 10 pg/mL of propidium
iodide (PI; Sigma, St. Louis, MO, USA), 100 pg/mL of RNase A
(Sigma) and 0.1% Triton X-100 (Sigma) at 37°C in the dark. After
30 min, cell cycle distribution was performed using FACScan (BD
Biosciences, Bedford, MA, USA) flow cytometry.

Cell viability, migration and invasion assays. Cell cytotoxicity and
viability were determined by measuring the activity of mitochondrial
malate dehydrogenase (mMDH) using the WST-1 assay (13).
Basically, cells were seeded in 24-well plates at 1x10# cells/well and
were cultured in MEM containing 10% FBS at 37°C. Cell
proliferation was determined at 24 hours after seeding by adding the
WST-1 reagent and incubating the cells for 3 hours further.

The migration assay was performed using the Ibidi Culture-Insert
(Ibidi GmbH, Munich, Germany) and Millicell 24-well hanging
inserts with 8 mm PET membranes (EMD Millipore, Billerica, MA,
USA). The Ibidi Culture-Insert was mainly developed to replace
classical scratch assays. Silicon inserts, placed on a cell culture
surface, provide two cell culture reservoirs. These two chambers are
separated by a 500 um thick wall. For Millicell hanging cell culture
inserts, the lower compartment was filled with MEM containing 20%
FBS. Cells with CTAB treatment were placed in the upper part of the
chamber and were incubated for 16 hours. Following incubation, the
cells were fixed with methanol and stained with crystal violet for 1
hour. The cells on the upper surface of the filter were removed using
a cotton swab. The filters were subsequently rinsed in distilled water
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Figure 1. Morphological changes of CTAB-treated SK-HEP-1 cells. (A) Images captured using phase-contrast microscope revealed changes in
morphology from spindle shaped (control) to cobblestone-like in SK-HEP-1 cells with CTAB treatment. Scale bars: 100 um. (B) The effect of
treatment with vehicle (control) or 1, 2.5 and 5 uM of CTAB for 24 h was determined by the WST-1 assay. Absorbance values obtained from
SK-HEP-1 cells treated with vehicle were taken as 100%. (C) Flow cytometry of CTAB-treated SK-HEP-1 cells assessed their distribution within
the cell cycle. Values are mean=SE of the percentage of cells in the subG1 (white bars), Gy/G, (light gray bars), S (dark gray bars) and G,/M
(black bars) phases of the cell cycle. Data are representative of three independent experiments. *Statistically significant with p<0.05, when compared

with the control group (0 uM).

until no additional stain leaching was observed. The cells were then
air-dried for 15 minutes. The migratory phenotypes were determined
by counting the cells that migrated to the lower side of the filter
through microscopy at 100x magnification. For each membrane, a
total of 5 fields were selected at random and were counted, and each
sample was assayed in triplicate experiments.

The invasion assay was performed using Millicell 24-well
hanging inserts. The upper side was pre-coated with 10 pug/mL
Matrigel (BD Biosciences, Bedford, MA, USA). Cells with CTAB
treatment were placed in the upper part of the chamber and were

incubated at 37°C for 24 h. The experimental procedures were
identical to the migration assay procedures.

Immunoblotting analysis. For Western blotting, cells were lysed in
RIPA buffer containing protease and phosphatase inhibitors (Roche,
Mannheim, Germany). Equal amounts of protein extracts were
subjected to immunoblot following methods described previously (14).

Statistical analysis. The data are expressed as meanzstandard errors
(SE) of three independent experiments and were analyzed by one-
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way analysis of variance (ANOVA) using the GraphPad prism
software program (Graph Pad Software, La Jolla, CA, USA).
Student’s t-test was used in two-group comparisons. p<0.05 was
considered as statistically significant.

Results

CTAB alters morphology but cannot affect growth and cell
cycle distribution of CTAB-treated SK-HEP-1 cells. In order
to evaluate the optimal dosage of CTAB to reverse EMT in
SK-HEP-1 cells without affecting their proliferation and
viability, the percentage of viable cells was determined using
the WST-1 assay after cells were treated with 0, 1, 2.5 and
5 uM of CTAB for 24 hours. As shown in Figure 1A,
vehicle-treated SK-HEP-1 cells displayed a fibroblast-like
morphology. However, they showed a cobblestone-like
morphology following treatment with 5 uM CTAB for 24
hours. Our data also showed that CTAB-treated cells retained
more than 90% cell viability at 24 hours (Figure 1B). Dosage
of CTAB up to 5 uM did not seem to have a cytotoxic effect
on SK-HEP-1 cells. To determine whether CTAB affected
cell cycle distribution of the CTAB-treated SK-HEP-1 cells,
we performed FACS analysis at 24 hours following CTAB
treatment. Cell cycle analysis showed that CTAB caused no
alteration of the cell cycle progression in SK-HEP-1 cells
(Figure 1C). Based on these results, CTAB has no effect on
growth, apoptosis (the peak of sub-G1 on DNA content
histogram), and cell cycle distribution in SK-HEP-1 cells.

CTAB attenuates cellular migration and invasion of SK-HEP-
Icells. The distinct morphology evident in SK-HEP-1 cells
treated with CTAB was reminiscent of cells that have
undergone MET (Figure 1A). Accumulating evidence suggests
that cellular migration and invasion are indispensable in tumor
metastasis (5). Herein, both wound healing and transwell
assays were performed to evaluate the role of CTAB in these
processes. As shown in Figure 2A and B, the result of the
wound healing and transwell migration assays showed that
CTAB retarded significantly the migration of SK-HEP-1 cells.
Next, the invasive potential of SK-HEP-1 cells, using the
Matrigel-coated chamber, was further analyzed in the absence
or presence of CTAB. The amount of SK-HEP-1 cells exposed
to CTAB that moved through the membrane of the Matrigel
chamber decreased about 83% compared to control cells
(Figure 2C). In addition, CTAB reduced the migration ability
of SK-HEP-1 cells by a 78% as compared to the control cells
(Figure 2B). These findings indicate that CTAB diminishes the
invasive capacity and migration ability of SK-HEP-1 cells.

CTAB inhibits the protein expression of MMP-2 and MMP-9
in SK-HEP-Icells. Previous studies have shown that MMP-2
and MMP-9 play an important role in cancer metastasis
through the degradation of the extracellular matrix (ECM) (15).
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To examine whether CTAB regulates invasion by altering the
expression of MMP-2 and MMP-9, immunoblotting analysis
demonstrated that the protein levels of MMP-2 and MMP-9
were inhibited in SK-HEP-1 cells in response to CTAB
treatment (Figure 3A). This result indicates that CTAB
significantly down-regulates MMP-2 and MMP-9 expressions
in SK-HEP-1 cells in a dose-dependent manner.

CTAB increases the protein expression of TIMP-1 and TIMP-
2 in SK-HEP-Icells. TIMP-associated proteins are known to
inhibit the enzymic activities and protein expression of
MMPs (16, 17). The balance between the ratio of TIMPs and
MMPs has been suggested to be a predictive marker of
cancer metastasis (17, 18). We investigated whether CTAB-
altered MMPs were related to TIMPs. SK-HEP-1 cells were
treated with 1, 2.5 and 5 uM of CTAB for 24 hours, and
TIMP-1 and TIMP-2 levels of their protein expression are
shown in Figure 3A. Treatment of SK-HEP-1 cells with
CTAB for 24 hours significantly increased the protein
expression of TIMP-1 and TIMP-2. This result suggests that
TIMPs signals may mediate inhibition of MMPs activities in
CTAB-treated SK-HEP-1 cells.

CTAB restrain the protein expression of Racl, cdc42 and
RhoA in SK-HEP-1 cells. Due to the involvement of the small
GTPases of the Ras homologous (Rho)-family (Rho-family
small GTPases), including Rac1, cdc42 and RhoA proteins, in
tumorigenesis, particularly in EMT/MET, migration/invasion,
and metastasis (19), we assessed whether CTAB-altered
cellular morphology was related to the small GTPases of the
Rho family. Based on our Western blot data (Figure 3B), it
was revealed that CTAB negatively affects the protein levels
of Racl, cdc42 and RhoA in SK-HEP-1 cells.

CTAB reverses EMT-associated biomarkers in SK-HEP-1
cells. Since morphological changes and EMT-associated
protein-level alterations have been shown to be inter-

Figure 2. CTAB inhibits the migration and invasion of SK-HEP-1 cells.
(A) A confluent culture of SK-HEP-1 cells was wounded by using the
Ibidi Culture-Insert with the cells treated without or with indicated
concentrations of CTAB. The wound was photographed with an inverted
microscope. Scale bars: 200 um. In vitro migration (B) and invasion
(C) percentages of the SK-HEP-1 cell line upon treatment with CTAB
are shown. SK-HEP-1 cells were treated with 5 uM CTAB. Following
treatment, cells were allowed to migrate through uncoated transwell
system for 16 h (B) or invade through a Matrigel-coated transwell
system for 24 h (C). The number of cells at the bottom of the transwell
filter was counted at the end of each assay. Results are presented as
mean=SE from three independent experiments, performed in duplicates,
all versus control (cells treated with PBS, vehicle). Scale bars: 100 um.
**p<0.01, when compared with the control group.
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Figure 3. CTAB affects the levels of metastasis-related proteins in SK-HEP-1 cells. Immunoblotting analysis was used to analyze the expression
levels of (A) MMP-2, MMP-9, TIMP-1 and TIMP-2, (B) Racl, Cdc42 and RhoA, and (C) EMT-associated biomarkers in CTAB-treated SK-HEP-1
cells. Cells were treated with vehicle or increasing concentrations of CTAB (1 to 5 uM) for 24 h, and then whole-cell extracts were subjected to
Western blot analysis. 3-actin was used as a loading control. The results are representative of three independent experiments.

correlated (20), we studied the effect of CTAB on EMT in
SK-HEP-1 cells. To confirm whether CTAB could affect
EMT in SK-HEP-1 cells, cells were dosed in a range of 1 to
5 uM CTAB. The expression levels of the EMT-related
proteins were determined by Western blotting (Figure 3C).
Our results showed that slug, snail, twist, vimentin,
fibronectin, N-cadherin, and f-catenin expression were
decreased in a dose-dependent manner, while claudin-1 was
increased in CTAB-treated SK-HEP-1 cells. Cells treated
with CTAB displayed decreased expression of
mesenchymal markers concomitant with an increased
expression of the epithelial marker (Figure 3C). When MET
is in progress, the mesenchymal cells tend to have an

a
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epithelial morphology, hence the expression of mesenchymal
markers decreases while the expression of epithelial markers
increases. Both the morphological and molecular changes
suggest that SK-HEP-1 cells might undergo reversal of EMT
with exposure to CTAB.

Down-regulation of Smad/MAPK/PI3K/Akt/mTOR phospho-
rylation by CTAB in SK-HEP-1 cells. In order to clarify the
possible anti-EMT mechanism triggered by CTAB in SK-HEP-
1 cells, we further screened the expression levels of proteins
involved in major signaling pathways involved in MET,
including TGF-f3, Wnt, Notch, Hedgehog and others (21).
Here, we showed that CTAB significantly attenuated the
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Figure 4. Effect of CTAB on expression of EMT-associated proteins in SK-HEP-1 cells. The expression levels of (A) Smad family, (B) MAPK family,
(C) PI3K/Akt/mTOR-related pathway proteins were detected by Western blot analysis.

phosphorylation of Smad2 (downstream of canonical TGF-f3
signaling pathway) (22), Smad3 (downstream of canonical
TGF-f signaling pathway) (22), ERK1/2, p38, JNK (ERK1/2,
p38, INK have been identified as three subfamilies of MAPKs)

(23), PI3K, Akt (downstream effector of PI3K and PTEN) (24),
PTEN (PTEN is a negative regulator of PI3K-Akt signaling)
(24), mTOR, p70S6K (downstream effector of mTOR) (25),
STAT3 (downstream of TGF-f signaling) (26) in SK-HEP-1
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cells (Figure 4). In contrast to the phosphorylated proteins, total
levels of the cognate proteins, including Smad2, Smad3,
ERK1/2, p38, INK, PI3K, Akt, PTEN, mTOR, p70S6K,
STAT3, were unaltered. By contrast, CTAB treatment markedly
increased the phosphorylation of p-GSK3B levels in a
concentration-dependent manner.

TGF-B1 rescues the down-regulation of Smad2/3, ERK1/2,
p38, Akt, STAT3 phosphorylation signaling pathways by
CTAB. Previous studies have reported that TGF-f3 could
influence EMT through various cellular messengers,
including MAPK and PI3K pathways, via Smad-dependent
and Smad-independent transcriptional mechanisms (27, 28).
To verify the effect of CTAB on TGF-f3 signaling pathway in
SK-HEP-1 cells, cells pretreated with CTAB were
subsequently incubated with TGF-B1. Our data showed that
the phosphorylation of Smad2, Smad3 and downstream
signaling proteins, including Akt and GSK3B were rescued
by the TGF-f1 treatment (Figure 5A). Additionally, Smad-
independent pathways, such as ERK1/2, p38, -catenin and
STAT3, were also rescued following treatment with TGF-f31.
We found that treatment with TGF-f31 could sufficiently
rescue the expression of mesenchymal markers, including
slug, snail, twist, vimentin and fibronectin. These results
show that CTAB exerts its anti-EMT effect by altering TGF-
[ signaling pathway in SK-HEP-1 cells. TGF-f has also been
shown to induce the expression of MMPs through Smad- and
PI3K/Akt/mTOR-dependent pathways in liver cancer cells
(29). Therefore, we assessed whether TGF-3 could rescue the
effect of CTAB-reduced expression levels of MMP-2 and
MMP-9 proteins. As shown in Figure SA, CTAB-reduced the
expression of MMP-2 and MMP-9 proteins that was rescued
by TGF-f signaling. In addition, retrieval of TGF-f activity
partially rescued the cellular morphology from cobblestone-
like to spindle shaped (Figure 5B). Moreover, addition of
TGF-f1 also rescued migration and invasiveness (Figures 5C-
E). Taken together, these results suggested that CTAB
modulates the EMT process via the canonical and non-
canonical TGF-P signaling pathways in SK-HEP-1 cells.

Discussion

Liver cancer is classified as a highly malignant tumor.
Metastasis of liver cancer is related to poor prognosis and is
a leading cause of death (30). Metastasis is a complex
progression involving several stages, including invasiveness,
intravasation, extravasation, and growth in other distant sites
and organs. Tumor invasion across the ECM is thought to be
one of the critical stages. The ability of tumor cells to
degrade ECM components is associated with the presence of
cells with metastatic potential (31). Accumulating evidence
suggests that EMT plays an important role during the
progression and metastasis of liver cancer, and the TGF-3
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signaling pathway could act as a transcriptional regulator to
mediate EMT (21). Hence, cancer patients are in urgent need
of a novel anti-metastatic agent that targets EMT-associated
pathways to bring benefit to those with metastatic liver
adenocarcinoma.

In the present study, the cytotoxicity of CTAB was
evaluated in the SK-HEP-1 cell line model. SK-HEP-1, a
highly aggressive liver cancer cell line, was chosen as a
cellular model to also assess the antitumoral effects of CTAB.
First, we provided cell-based assays to determine whether
CTAB could be an anti-metastatic agent against hepatic
adenocarcinoma cell line. We found CTAB obviously
promoted MET by morphological changes from spindle-like
to cobblestone-like appearance of SK-HEP-1 cells after 24 h.
In addition, we demonstrated that CTAB attenuated the
migratory capability and invasion capacity of the SK-HEP-1
cells, which involved the down-regulation of TGF-f-mediated
Smad and PI3K/Akt/mTOR signaling pathways, while the
attenuation of mesenchymal traits suggested an anti-metastatic
effect. EMT can be identified by the morphological
transformation of cells, the down-regulation of epithelial
biomarkers, and the up-regulation of mesenchymal biomarkers
and transcription factors (27). Additionally, several proteolytic
enzymes, such as MMP-2 (gelatinase A) and MMP-9
(gelatinase B, type IV collagenase), are thought to be involved
directly with the migration, invasion and metastasis of tumor
cells, and are associated with patient prognosis, pathological
grade, and clinical stage (32). In this study, the results from
western blotting demonstrated that CTAB strongly reduced the
levels of two members of the MMPs family. Moreover,
CTAB-treatment resulted in decreased expression of
mesenchymal markers in SK-HEP-1 cells in a dose-dependent
manner. As these cells normally show an increased expression
of mesenchymal markers in culture, it seemed that CTAB
treatment caused the mesenchymal to epithelial switch by
reducing the expression of mesenchymal markers. The results
indicate that CTAB effectively reduces the migration and
invasion of SK-HEP-1 cells.

Figure 5. CTAB down-regulated the proteins of TGF-f$/Smad and
PI3K/Akt/mTOR-related pathways and affected EMT was rescued by
TGF-fB1 in SK-HEP-1 cells. (A) Cells were pretreated with indicated
concentrations of TGF-f1 for 16 h, and then they were co-treated with
CTAB for 24 h. The levels of each protein expression were analyzed by
western blotting. (B) The cells pretreated with TGF-1 for 16 h were
treated with CTAB for 24 h and then their morphological changes were
examined using a microscope. Scale bars: 100 um. TGF-f1 rescued the
CTAB-inhibited motility as analyzed using wound healing (C) and
transwell system assays (D). Scale bars: 200 um. (E) The TGF-f1-
rescued cellular invasiveness of CTAB-treated cells was examined under
transwell system and the results are presented as a percentage of the
control (100%). **p<0.01, when compared with the control group.
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Experimentally-reduced EMT was then induced
following exposure of SK-HEP-1 cells to CTAB or TGF-f3
as evidenced by the modulation of the expression levels of
EMT markers. Treatment with TGF-f3 could rescue the
MET phenotype, which allowed tumor cells to migrate and
invade adjacent tissues. Tumor metastasis, including cell
adhesion, proteolytic degradation of extracellular matrix
(ECM) and cell migration, is critically associated with the
acquisition of an EMT phenotype (33). Therapy for
metastasis is based on blocking of one of these pathways
(34). In addition, there is evidence that TGF-f participates
in EMT and mediates tumor metastasis, including
abrogation of cell-cell adhesion, contribution to
mesenchymal phenotypes and migratory and invasive
capabilities of liver cancer cells (35). TGF-3 signaling is
often attenuated during hepatotumorigenesis, but is retained
during the malignancy of hepatocellular carcinoma cells
(36). Therefore, TGF-f could be a therapeutic target for the
treatment of liver cancer. The TGF-f3 ligands bind to its
receptors and then activates downstream signaling
pathways, including those mediated by Smad-dependent
and Smad-independent pathways (such as Ras,
PI3K/Akt/mTOR and MAPK) (28, 37-39). In this study, we
demonstrated that the addition of CTAB down-regulated the
phosphorylation levels of Smad2/3, PI3K p85/Akt/
mTOR/p70S6K in SK-HEP-1 in a concentration-dependent
manner. We then demonstrated the influence of CTAB on
EMT by Western blotting, as evidenced by the down-
regulation of slug, snail, twist, vimentin, fibronectin,
N-cadherin and f3-catenin, and the up-regulation of claudin-
1 compared to TGF-B1 treatment. Therefore, we suggest
that CTAB blocks the TGF-f/Smad and PI3K
p85/Akt/mTOR signaling pathways, thereby preventing the
progression of the EMT process.

Overall, our in vitro findings suggest that CTAB restrained
hepatic cancer cell migration and invasion, at least in part,
by down-regulating the canonical and non-canonical TGF-3
signaling pathways and by reversing the EMT process. This
is the first time that the anti-metastatic effect of CTAB as a
potential inhibitor is demonstrated. We propose that CTAB
could be further tested as an effective drug candidate against
tumor invasion and metastasis of human hepatic cancer
through suppression of TGF-f signaling.
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