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Rhinacanthin-C Extracted from Rhinacanthus nasutus (L.)
Inhibits Cholangiocarcinoma Cell Migration and Invasion by
Decreasing MMP-2, uPA, FAK and MAPK Pathways
Parichart Boueroy1,2, Sunitta Saensa‑Ard1,3, Pongpun Siripong4, Sakawrat
Kanthawong1*, Chariya Hahnvajanawong1,2*
Abstract
Cholangiocarcinoma is a malignant tumor with high metastatic and mortality rates. We investigated the effects
of rhinacanthin-C on cell proliferation, migration, invasion and the expression of proteins regulating cancer cell
invasion-regulated proteins in a cholangiocarcinoma (KKU-M156) cell line. Cytotoxicity of rhinacanthin-C was
determined by the SRB assay. Using wound-migration, chamber-migration and chamber-invasion assays, we assessed
the effects of rhinacanthin-C against KKU-M156 cells. The activities of matrix metalloproteinases 2 and 9 (MMP-2,
MMP-9) and urokinase-type plasminogen activator (uPA) were determined using gelatinase and uPA zymography
assays. The expression of invasion-regulated proteins was investigated using western-blot analysis. After treatment
with rhinacanthin-C, KKU-M156 cells exhibited antiproliferative effects in a dose-dependent manner with greater
efficacy than in Vero cells: IC50 values were 1.50 and 2.37 µM, respectively. Rhinacanthin-C significantly inhibited cell
migration and invasion of KKU-M156 cells in a dose-dependent manner. Consistent with this observation, treatment
with rhinacanthin-C was associated with a decrease in the expression levels of FAK, p-FAK, MMP-2, and a decrease in
the levels of p38-, JNK1/2- and ERK1/2-MAPK pathways as well as inhibiting NF-κB/p65 expression and translocation
of NF-κB/p65 to the nucleus. We have shown for the first time that the anti-metastatic effects of rhinacanthin-C on
KKU-M156 cells are mediated via inhibition of the expression of invasion-regulated proteins. Rhinacanthin-C may
deserve consideration as a potential agent for the treatment of cholangiocarcinoma.
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Introduction
Cholangiocarcinoma is the second-most prevalent
primary hepatic tumor worldwide and is associated with
a high mortality rate. This cancer is highly metastatic,
leading to unresponsiveness to chemotherapeutic drugs.
New therapeutic approaches are badly needed to suppress
this malignancy.
Many studies have focused on natural compounds as
potential sources of novel anticancer drugs. Rhinacanthus
nasutus (Linn.) KURZ (family Acanthaceae) has
been widely used in Thai traditional medicine for the
treatment of various cancers such as cervical and liver
cancers (Siripong et al., 2006a). Rhinacanthin-C (Figure
1), extracted from leaves and roots of this plant, is a
naphthoquinone ester shown to possess anti-inflammatory,
antifungal, antibacterial, antiviral and cytotoxic activities
(Bukke et al., 2011). Recently, rhinacanthone has also

been reported to inhibit proliferation, cell cycle arrest
and induce apoptosis in human cervical carcinoma HeLa
cells in dose- and time-dependent manners (Siripong et
al., 2009). Recently, the same researcher reported that
rhinacanthins (C, N and Q) exhibit anti-proliferative
effects and induce apoptosis in human cervical carcinoma
(HeLaS3) cells mediated through G2/M cell-cycle arrest
and by the activation of caspase-3 (Siripong et al., 2006a).
Cancer cell invasion is facilitated by degradation of
extracellular matrix (ECM) using various proteolytic
enzymes, among them matrix metalloproteinases (MMPs)
and urokinase plasminogen activator (uPA). MMP-2 (72
kDa: gelatinase A) and MMP-9 (92 kDa: gelatinase B)
play a key role in cancer-cell invasion and metastasis that
can degrade type IV collagen, the major component of
basement membranes (Librach et al., 1991; Liotta et al.,
1980). There is increasing evidence to indicate that both
MMP-2 and MMP-9 are highly expressed in various types
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of tumors and contribute to cancer invasion and metastasis
(Basset et al., 1997; Chung et al., 2002). In addition,
the uPA system plays an important role in initiating the
activation of plasminogen to plasmin and of MMPs, thus
allowing cancer cells to invade distant organs (Duffy and
Duggan, 2004).
Mitogen-activated protein kinase (MAPK) is commonly
separated into three subfamilies of MAPK-signaling
pathways; extracellular signal-regulated kinases (ERK),
Jun NH2-terminal kinases (JNK), and p38 kinases. These
play a critical role in tumor progression and metastasis by
induction of proteolytic enzymes that degrade the ECM
(a key marker of invasive carcinoma), enhancement of
cell migration, initiation of several pro-survival genes
and maintenance of tumor growth (Reddy et al., 2003).
Therefore, inhibition of MAPK pathways might have
the potential to inhibit proliferation, angiogenesis,
invasion and metastasis of tumors. Any new drug that
can do this should exhibit anti-invasion activity against
cholangiocarcinoma cells and would be valuable given the
limited response of this kind of tumor to current drugs.
Effects of rhinacanthin-C on cholangiocarcinoma cell
lines have not been reported previously. The present study
investigated the antitumor effects of rhinacanthin-C using
an in vitro model of human cholangiocarcinoma cells.
The expression of MAPK pathways and MMP-2 and -9
in human cholangiocarcinoma cells after treatment with
rhinacanthin-C was also monitored.

Materials and Methods
Materials
Rhinacanthin-C (Figure 1) was extracted from
Rhinacanthus nasutus (Siripong et al., 2006b; Siripong
et al., 2006c). Rhinacanthin-C was dissolved in dimethyl
sulfoxide (DMSO) to create a stock solution of 8 mM
that was stored at -20oC. Primary antibodies against
MMP-2, MMP-9, ERK1/2, phosphorylated ERK1/2, JNK,
phosphorylated JNK, p38, phosphorylated p38, FAK,
phosphorylated FAK, and NF-ĸB p65 or β-actin were
purchased from Sigma Chemicals and antibodies against
histone H1 were purchased from Abcam (Cambridge,
UK). Secondary antibodies (anti-mouse or anti-rabbit)
were purchased from Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA). The chamber migration assay was
done using Transwell chambers (Costar) with 6.5 mm
diameter polycarbonate membranes (8 µm pore size).
The chamber invasion assay was done using BD Biocoat
Matrigel Invasion Chamber (Becton Dickinson) (8 µm
pore size).
Cell culture
Human cholangiocarcinoma cells (KKU-M156) was
established at the Department of Pathology, Faculty of
Medicine, Khon Kaen University. The Vero cell line
was derived from the kidney of a normal, adult, African
green monkey (Cercopithecus) (Sheets, 2000). Both cell
lines were grown in RPMI-1640 medium supplemented
with 10% heat-inactivated fetal bovine serum (FBS),
100 U/ml penicillin and 100 µg/ml streptomycin in a
humidified environment with 5% CO2 at 37oC.
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Cell viability assay
The effect of rhinacanthin-C on cell viability was
determined using the sulforhodamine B (SRB) assay
as described previously (Pinmai et al., 2008). Briefly,
human CCA cells were seeded into 96-well plates at a
density of 1x104 cells per well. After 24 h incubation, cells
were treated with various concentrations (0-2.4 μM) of
rhinacanthin-C for 24, 48 and 72 h, after which the SRB
assay was conducted.
Wound migration assay
Cells were seeded into 6-well plates at a density of
5x105 cells/ml and grown to 80-90% confluence. The
monolayers were scratched using a 1-ml plastic pipette tip
to create a denuded zone (gap), then rinsed with PBS and
medium containing 1% FBS to remove cell debris. Cells
were incubated in medium containing 1% FBS with or
without rhinacanthin-C (0.15, 0.3, 0.6 µM) for 24 h. The
extent of wound area was determined and photographed.
Cell migration into the wound area was monitored by
microscopy and digitally photographed. The area of the
wound was measured.
Chamber migration assay
Chamber migration assays were done using Transwell
Boyden chambers. Five-hundred microlitres of serum-free
medium containing 400 µl of cells (1.25x105 cells/ml)
and 100 µl of various concentrations of rhinacanthin-C
or DMSO was added in the upper chamber. The
lower chamber contained medium supplemented
with 10% FBS as a chemo-attractant. After 24 h of
incubation, nonmigrated cells on the upper compartment
of the membrane were removed using a cotton swab. The
migrated cells on the bottom surface of the membrane
were fixed with 4% paraformaldehyde for 30 min and
stained with 0.4% SRB in 1% acetic acid for 30 min.
After destaining with 600 µL of 1% acetic acid, filters
were air-dried overnight. The stained cells were counted
on each membrane under a light microscope and using
digital images, and the percentage of cells migrating was
determined.
Chamber invasion assay
The invasion assay was performed in a manner similar
to the cell migration assay, except that the upper side of
the Transwell filters were coated with Matrigel (Becton
Dickinson). The experiments were carried out in triplicate
using two independent experiments.
Gelatin zymography and uPA assay
The activities of MMP-2 and MMP-9 in the conditioned
medium were measured by gelatin zymography assay
(Bradford, 1976). Briefly, the amount of gelatinase
(MMP-2 and MMP-9) in conditioned medium was
measured after treatment with rhinacanthin-C at various
concentration for 24 h. The conditioned medium
containing 50 µg protein was mixed with 4x sample buffer
and separated by SDS-PAGE using a 10% polyacrylamide
gel containing 1 mg/ml gelatin. The amount of uPA in
conditioned medium was separated by 10% SDS-PAGE
gel containing 1 mg/ml gelatin and 20 µg/ml plasminogen.
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After electrophoresis, gels were rinsed with 2.5% Triton
X-100 and then incubated in a reaction buffer (50 mM
Tris–HCl, pH 8.0; 5 mM CaCl2 and 0.02% NaN3) at 37oC
for 12 h. The gel was stained with 0.5% Coomassie blue
and destained in acetic acid. The proteinase activity was
visualized as clear areas on the blue background and
analyzed using the program Scion Image (Scion Corp.,
Frederick, MD, USA).
Preparation of total cell, cytosol or nuclear lysates
To prepare total cell lysates, cells (1x106 cells/dish)
were seeded into 100 mm dishes for “24 h”. and then
treated with various concentrations of rhinacanthin-C
or DMSO for 24 h. Cells were then rinsed twice with
cold PBS and lysed with cold RIPA buffer (50 mM
Tris–HCl, pH 7.5, 0.5% Nonidet P-40, 150 mM NaCl,
1 mM dithiothreitol, 1 mM EDTA, 0.1% sodium
dodecyl sulfate, 0.5% deoxycholate) containing a
protease inhibitor cocktail (Pierce Biotechnology) and
phosphatase inhibitor cocktail (Pierce Biotechnology).
Cell lysates were centrifuged at 13,000 g at 4ºC for 30
min, and the supernatants were collected. To prepare
cytosol and nuclear lysates, cells were lysed with buffer
A (10 mM HEPES, 0.1 mM EDTA, 10 mM KC1,
0.2% NP40, 1.5 mM MgCl2, 1 mM DTT, and 0.5 mM
phenylmethylsulfonyl fluoride), followed by vortexing
to shear the cytoplasmic membranes and nuclear pellets
were collected by centrifugation at 3,000 rpm for 30 min
at 4°C. Nuclear proteins were extracted with high-salt
buffer B (20 mM HEPES, 25% glycerol, 1.5 mM MgCl2,
0.1 mM EDTA, 420 mM NaCl, 1 mM DTT, and 0.5 mM
phenylmethylsulfonyl fluoride). All lysates were stored
at -80ºC until use. Protein concentration was determined
using by the method of Bradford (Bradford, 1976).
Western blot analysis
Equal amounts of proteins were separated in a
12% SDS-polyacrylamide gel and transferred onto a
nitrocellulose membrane (Millipore, Billerica, MA,
USA). After blocking with Tris-buffered saline containing
0.1% Tween-20 and 5% skimmed milk at 37ºC for 1 h,
the membranes were incubated at 4 ºC overnight with
primary antibodies against MMP-2, MMP-9, ERK1/2,

phosphorylated ERK1/2, JNK, phosphorylated JNK, p38,
phosphorylated p38, and NF-κB p65 or β-actin or histone
H1 and subsequently incubated with the appropriate
secondary antibody (anti-mouse or anti-rabbit). The bound
secondary antibody was visualized using an enhanced
chemiluminescence kit (Pierce Biotechnology), quantified
by densitometry (ImageQuant LAS 4000; GE Healthcare,
Piscataway, NY, USA) and analyzed using the program
Scion Image (Scion Corp., Frederick, MD, USA). Relative
intensity was determined and normalized to β-actin (total
cell and cytosolic lysates) or histone H1 (nuclear lysate).

Results
Inhibitory effect of rhinacanthin-C on the viability of a
human CCA cell line
The cytotoxic effects of rhinacanthin-C at various
concentrations (0-2.4 μM) on human CCA cells
(KKU-M156) and Vero cells for 24, 48 and 72 h were
determined by SRB assays. The proliferation of Vero
cells was not affected (relative to controls) at any time
or concentrations tested (Figure 2A). The proliferation
of KKU-M156 cells was significantly inhibited by
rhinacanthin-C in a dose- and time-dependent manner as
compared to control cells (Figure 2B). The IC50 values
of rhinacanthin-C were 1.50±0.22 and 2.37±0.17 µM for
KKU-M156 and Vero cells, respectively.
Anti-migration effects of Rhinacanthin-C on KKU-M156
cells
The effects of rhinacanthin-C on the migration of
Vero and KKU-M156 cells were determined using a
wound-closure assay. As shown in Figure 3B and 3C,
rhinacanthin-C caused a significant delay in migration of
KKU-M156 cells into the wound area compared with the

Figure 1. Structure of Rhinacanthin-C

Figure 2. Antiproliferative Effects of Rhinacanthin-C Against Vero Cells and Cholangiocarcinoma Cell Lines
(KKU-M156). The cells at density of 1x106 cells/well were seeded in 96-well plates. After 24 h of incubation
KKU-M156 cells were incubated with rhinacanthin-C at various concentration of 0, 0.15, 0.3, 0.6, 1.2 and 2.4 µM
for 0, 24, 48 and 72 h. Cell proliferations of (A) Vero and (B) KKU-M156 cells were determined by SRB assay. Each
value represents the mean ± SD of three independent experiments. *p<0.05 vs. the DMSO group.
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Figure 3. Effect of Rhinacanthin-C on Cell Migration of Vero Cells and KKU-M156 Cells. Cells were seeded in
6-well plates in completed medium. After 24 h of incubation, the cells monolayers were wounded by scratched with
a 1-ml plastic pipette tip and treated with various concentration of rhinacanthin-C for 24 h. The wound area of (A)
Vero and (B) KKU-M156 cells was determined by a phase-contrast microscope at 10×magnifications. The closure of
gap distance was examined by photographs of three random fields. (C) Each value represents the mean ± SD of three
independent experiments. *p<0.05, **p<0.01, and ***p<0.001, vs. the DMSO group.
DMSO-treated group, whereas the migration of Vero cells
was only slightly affected (Figure 3A and 3C). This was
also confirmed by the chamber migration assay, which
is semi-quantitative and showed that rhinacanthin-C
significantly reduced the migration of KKU-M156 cells
in a dose-dependent as shown in Figure 4A and 4B.

Anti-invasion effects of Rhinacanthin-C on KKU-M156
cells
The Boyden chamber assay was used to determine
the effect of rhinacanthin-C on the invasion ability of
KKU-M156 cells. Treatment with different concentrations
of rhinacanthin-C significantly reduced the penetration
of the Matrigel-coated filter by KKU-M156 cells in a

Figure 4. Effect of Rhinacanthin-C on Cell Migration and Invasion of KKU-M156 Cells. (A) A 500 µl of serum
free medium containing 400 µl of cells (1.25x105 cells/ml) and 100 µl of various concentrations of the compound
or DMSO was added in the upper chamber of Transwell chamber (Costar) with 6.5 mm diameter polycarbonate
membrane (8 µm pore size). After 24 h incubation, nonmigrative cells were removed by cotton swap and migrating
cells were fixed and stained with 0.4% SRB. The percentage of (B) cell migration and (C) invasion was represents the
mean ± SD of three independent experiments. *p<0.05, and **p<0.01, vs. the DMSO group
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Figure 5. Reduction of NF-кB/p65 in KKU-M156 After Treatment with Rhinacanthin-C. Cells were treated with
indicate dose of rhinacanthin-C for 24 h. The total cell lysates, cytosolic and nuclear fractions were separated on
SDS-PAGE and transferred to nitrocellulose membrane. (A) The membranes were probed with a primary antibody
specific to NF-кB/p65. (B) The protein intensities of NF-κB/p65 (Whole, W), NF-κB/p65 (Cytosolic, C) and
NF-κB/p65 (Nuclear, N) were quantitated by densitometry and normalized to β-actin (total cell and cytosolic) and
Histone H1 (nuclear lysate). Data are expressed as mean ± SD of three independent experiments. *p<0.05 indicate a
significant difference.
dose-dependent manner (Figure 4A and 4C).
Expression changes in migration- and invasion-regulated
proteins caused by the treatment of human KKU-M156
cells with rhinacanthin-C
We evaluated cytoplasmic and nuclear protein
expression of NF-κB in KKU-M156 cells treated with
rhinacanthin-C. Treatment with different concentrations
of rhinacanthin-C reduced expression of NF-кB/p65
and its translocation to the nucleus in a dose-dependent
manner (Figure 5A and 5B). As shown in Figure 6A and
6B, treatment with rhinacanthin-C significantly decreased
p-FAK level in a dose-dependent manner, but has no effect
on the expression of FAK. Western blot analysis showed
that rhinacanthin-C significantly decreased ERK1/2,
p-JNK, p38 and p-p38 protein levels in a dose-dependent
manner in KKU-M156 cells, but did not affect p-ERK1/2
and JNK protein expressions (Figure 7A and B).
Effect of rhinacanthin-C on the activities of MMP-2,
MMP-9 and uPA of KKU-M156 cells
The effects of rhinacanthin-C on activities of the

proteolytic enzymes MMP-2, MMP-9 and uPA in Vero and
KKU-M156 cells were determined by gelatin zymography
assay. KKU-M156 cells secreted a 72 kDa gelatinase
which corresponded to MMP-2 (gelatinase A) but did
not secrete MMP-9 (Figure 8A and 8B). Treatment with
different concentrations of rhinacanthin-C significantly
inhibited uPA activity in KKU-M156 cells in a dosedependent manner (Figure 9A and 9B). Vero cells did
not secrete MMP-2, MMP-9 or uPA (Figure 8A and 9A).
Effects of rhinacanthin-C on expression of MMP-2 and
MMP-9 protein in human KKU-M156 cells
The expression of MMPs, particularly gelatinases
(MMP-2 and MMP-9), has been associated with high
potential for metastasis in cancer cells. Western blot
analysis showed that treatment with various concentrations
of rhinacanthin-C significantly inhibited MMP-2 protein
expression in KKU-M156 cells in a dose-dependent
manner (Figure 10A and 10B).

Figure 6. Inhibition of FAK and p-FAK Protein Expression by the Treatment of KKU-M156 Cells with Rhinacanthin-C.
Cells were exposed with indicated concentration of rhinacanthin-C for 24 h. Whole cell lysates were separated and
transferred to nitrocellulose membrane. (A) Protein expression of FAK and p-FAK were detected by Western blot
analysis. β-actin was used as an internal control to normalize the amount of protein in each experimental condition.
(B) Data are expressed as mean ± SD of three independent experiments. *p<0.05 indicate a significant difference.
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Figure 7. Inhibitory Effect of Rhinacanthin-C on the Expression of Invasion-Regulating Proteins in KKU-M156 Cells.
Cells were treated with indicated doses of rhinacanthin-C for 24 h. The total cells lysate were separated on SDSPAGE and transferred to nitrocellulose membrane. (A) Protein intensity of ERK1/2, p-ERK1/2, JNK1/2, p-JNK, p38,
p-p38 were normalized with β-actin was used as an internal control. (B) Data are expressed as mean ± SD of three
independent experiments. Statistical analyses were performed using Student’s t-test, *p<0.05, **p<0.01 indicate a
significant difference.

Discussion
Rhinacanthin-C has been reported to have anticancer
effects on several types of cancer both in vitro and in vivo
(Gotoh et al., 2004; Kongkathip et al., 2004; Siripong
et al., 2006c). To date, no studies of the anti-metastatic
effects of rhinacanthin-C on human cholangiocarcinoma
cells have been done. The present study demonstrated
that rhinacanthin-C showed anti-metastasis activities
against a human CCA (KKU-M156) cell line. The growth

inhibitory effect of rhinacanthin-C in KKU-M156 was
modulated through inhibit cell migration and invasion in
a dose-dependent manner. This may be mediated through
decrease FAK, p38-, ERK1/2-, JNK1/2-MAPK expression,
downregulate the transcription factor NF-κB, leading to
inhibition of MMP-2 and uPA expression. This is the
first report showing that rhinacanthin-C can decrease
cancer-cell invasion by suppressing the MAPK pathway
and reducing expression of MMP-2 and uPA. Therefore,
rhinacanthin-C may deserve consideration as a potential

Figure 8. Inhibition of MMP-2 and -9 Activities in KKU-M156 Cells After the Treatment with Rhinacanthin-C. (A)
Cells were treated with various concentrations of rhinacanthins-C for 24 h and the condition medium was determined
by gelatin zymography. (B) The band intensities were quantified by densitometry. Data are expressed as mean ± SD of
three independent experiments. Statistical analyses were performed using Student’s t-test, *p<0.05, **p<0.01 indicate
a significant difference.

3610

Asian Pacific Journal of Cancer Prevention, Vol 19

DOI:10.31557/APJCP.2018.19.12.3605
Anti-Metastasis Effect of Rhinacanthin-C against Cholangiocarcinoma

Figure 9. Inhibition of uPA Activities in KKU-M156 Cells After the Treatment with Rhinacanthin-C. (A) Cells were
treated with indicated concentrations of rhinacanthins-C for 24 h and the condition medium was determined by uPA
zymography. (B) The band intensities of uPA were quantified by densitometry. Data are expressed as mean ± SD of
three independent experiments. Statistical analyses were performed using Student’s t-test, *p<0.05 indicate a significant difference.

Figure 10. Reduction of MMP-2 and MMP-9 Protein Expression After Treatment with Rhinacanthin-C in KKU-M156
Cells. Cells were incubated with difference concentration of rhinacanthin-C (0, 0.15, 0.3 and 0.6 µM) for 24 h. Total
cell lysates were separated on 12% SDS-PAGE and transferred to nitrocellulose membrane. (A) Protein levels of
MMP-2 and MMP-9 were detected by Western blot analysis. β-actin was used as an internal control to normalize
the amount of protein in each experimental condition. (B) Data are expressed as mean ± SD of three independent
experiments. Statistical analyses were performed using Student’s t-test, *p<0.05, **p<0.01 indicate a significant
difference.
agent for the prevention of cancer metastasis and anticancer agent.
Cancer cell metastasis is associated with various steps
including cancer cell adhesion to the ECM, proteolytic
degradation of the ECM and tumor cell invasion of distant
organs. Many types of cell-adhesion molecules play vital
roles in different steps of the metastatic event (Miyasaka,
1995). Focal adhesion kinase (FAK) is the main mediator
of signal transduction through cells and the extracellular
matrix. Tyr397 phosphorylation through integrin-mediated
cell adhesion to the extracellular matrix produces a binding
site for different intracellular signaling molecules, such
as the Src family kinases, phosphatidylinositol 3’-kinase,
phospholipase C (PLC), growth factor receptor-bound
protein 7, growth factor receptor-binding protein 2 (Grb2)
and SOS to activate Ras/mitogen-activated protein kinase
signaling (Mon et al., 2006; Ohta et al., 2007). Increased
levels of FAK expression have also been correlated with
the invasive and metastatic potential of several human
tumors (Weiner et al., 1993). FAK initiates a cascade of
intracellular signals in response to adhesion, including
MAPK activation (Seko et al., 1999). We found that
rhinacanthin-C significantly decreased p-FAK protein
levels in a dose-dependent manner in KKU-M156 cells.
According to a previous study, the tumor suppressor gene
PTEN interacts with FAK and dephosphorylates FAK to

inhibit cell migration (Tamura et al., 1999).
The suppression of NF-κB and AP-1, downstream
of the MAPK pathway, was found to inhibit MMP-2
expression, leading to potential suppression of tumor
invasion and metastasis (Yang et al., 2009). Inhibition
of phosphorylation in the p38-MAPK pathway was
associated with downregulation of MMP-2, -9 and uPA
expression (Shen et al., 2010). Several studies have
suggested signal transduction pathways that can regulate
the expression of MMP-2, MMP-9 and uPA in tumors
(Gum et al., 1996; Lee et al., 2008). This can lead to
stimulation of two transcription factor binding sites for
NF-κB and AP-1, which play important roles in invasion
and metastasis of malignant cells. NF-κB plays a critical
role in controlling MMP-2, MMP-9 and uPA expression
(Gum et al., 1996; Lee et al., 2008). Therefore, our
present results have confirmed that rhinacanthin-C
significantly inhibits translocation of NF-κB into the
nucleus. We have also clearly shown that rhinacanthin-C
significantly inhibits the expression of phospho-FAK,
p38, phospho-p38, ERK1/2, phospho-ERK1/2, JNK1/2
and phospho-JNK1/2 that are all upstream of NF-κB,
resulting in decreased activity and levels of MMP-2,
MMP-9 and uPA. Thus, we conclude that inhibition
of the MAPK pathway is associated with decreased
production of the proteolytic enzymes MMP-2, MMPAsian Pacific Journal of Cancer Prevention, Vol 19
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9 and uPA, leading to inhibited cancer invasion. The
inhibition of MMP-2 and uPA production brought about by
rhinacanthin-C explains its inhibitory effect on cancer cell
migration, although its effects are on cancer cell invasion,
not cell adhesion (data not shown).
Cancer cell invasion and metastasis require various
physiological alterations such as the upregulation
of proteolytic enzymes, MMPs and uPA, which are
involved in the degradation of the ECM. These are
capable of inducing invasion of cancer cells into blood
or lymphatic systems, leading to spread of the tumor to
remote tissues or organs (Kleiner and Stetler-Stevenson,
1999). The degradation of the ECM by proteolytic
enzymes, such as MMPs, is an important step for cancer
invasion and metastasis (Coussens and Werb, 1996).
Many reports suggest that enhanced production of
proteolytic enzymes MMPs and uPA are important in
this process (Kleiner and Stetler-Stevenson, 1999; Kim et
al., 2001; Stetler-Stevenson et al., 1993). Here, we have
demonstrated for the first time that rhinacanthin-C exerts
inhibitory effects on the migration and invasion properties
of KKU-M156 cells in a dose-dependent manner, as well
as inhibiting the activities of MMP-2 and uPA. Cancer
cells can invade host tissues by breaking off their cell-cell
contacts and making new contact with the ECM, leading
to low cell-cell adhesion and high cell-matrix adhesion,
which is correlated with highly invasive cancer (Bohle
and Kalthoff, 1999). We have found that rhinacanthin-C
does not significantly change the cell-matrix adhesion
properties of three CCA cell lines and Vero cells (data not
shown). Therefore, we suggest that rhinacanthin-C does
not affect cell-matrix adhesion properties.
In summary, rhinacanthin-C showed anti-metastasis
activities against a human CCA (KKU-M156) cell line.
The activities and protein expression levels of MMP-2 and
uPA were reduced by rhinacanthin-C in a dose-dependent
manner. This may be mediated through decreasing FAK,
p38-, ERK1/2-, JNK1/2-MAPK pathway, downregulating
the transcription factor NF-κB, leading to inhibition of the
expression of MMP-2 and uPA. Therefore, rhinacanthin-C
may deserve consideration as a potential agent for the
prevention of cancer metastasis. In vivo testing and
clinical trial of this agent on CCA patients should be
performed in additional studies.
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