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The in vitro antitumor activity of Siegesbeckia glabrescens
against ovarian cancer through suppression of receptor
tyrosine kinase expression and the signaling pathways
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Abstract. Siegesbeckia glabrescens (SG) Makino (Compositae)
has been used as a traditional medicine for the treatment of a
variety of diseases such as allergy, inflammation, acute hepa-
titis and hypertension. The primary aim of this study was to
determine whether the ethanol extract of SG has antitumor
activity against ovarian cancer and to identify molecular mech-
anisms and targets involved in the regulation of cell growth and
progression. We demonstrate that SG treatment inhibits prolif-
eration, adhesion, migration and invasion of SKOV-3 human
ovarian cancer cells. The anti-proliferative effect of SG on
SKOV-3 cells is accompanied by reduced expression of cyclin
E and enhanced expression of the cyclin-dependent kinase
inhibitor p27%"?!, leading to inhibition of pRb phosphorylation.
We also show that these antitumor activities are found to be
mediated through suppression of FAK, ERK, Akt and p705K-
dependent signaling pathways and downregulation of receptor
tyrosine kinases such as EGFR, VEGFR-2 and FGFR-1 as well
as the cell adhesion molecule N-cadherin. Taken together, our
findings suggest further development and evaluation of SG for
the treatment of ovarian cancer.

Introduction

Epithelial ovarian cancer is the leading cause of cancer death
among the gynecological malignancies and its incidence
rate is highest in Western industrialized countries. A lack of
early symptoms or screening methods of ovarian cancer often
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leads to late diagnosis in advanced stage and subsequent high
mortality rate (1). Moreover, no highly effective therapeutics
and strategies against metastatic and recurrent ovarian cancers
have been established.

Receptor tyrosine kinases (RTKs) play pivotal roles
in cellular process including proliferation, migration and
survival. Mutations in RTKs and dysregulated activation of
their intracellular signaling pathways have been reported to
be closely involved in a variety of diseases such as cancers,
angiogenesis, and inflammation (2). RTKs such as epidermal
growth factor receptor (EGFR), vascular endothelial growth
factor receptor (VEGFR) and fibroblast growth factor
receptor (FGFR) are highly expressed or activated in ovarian
cancer (3-8). Selective inhibition of RTK activation or down-
stream signaling pathways appears to be a potent strategy with
little or no side effects, compared to conventional therapy.
Epithelial-to-mesenchymal transition (EMT), commonly
occurs in epithelial cancers, it is a cellular process which
involves changes in cellular morphology, the loss and remod-
eling of cell-cell and cell-matrix adhesions, and subsequent
acquisition of cell migration and invasion (9). During EMT,
expression of the epithelial markers such as epithelial cadherin
(E-cadherin) and claudins is reduced, whereas that of mesen-
chymal markers including neural-cadherin (N-cadherin),
integrin a5p1, and matrix metalloproteinases (MMPs) is
increased (10-12). EMT-associated cancer cell invasion and
metastasis are mediated by the tissue remodeling due to
changes in expression levels of cell adhesion molecules and/
or elevated levels of secreted proteolytic enzymes including
MMPs (13). Therefore, unraveling the molecular mechanisms
and targets of ovarian cancer progression within the context
of extracellular matrix (ECM) and the function of the tumor
microenvironment may help to improve current concepts and
therapies for the treatment of ovarian cancer.

Siegesbeckia glabrescens (SG) Makino (Compositae)
has been used as a traditional medicine for the treatment of
allergic diseases, paralysis, acute hepatitis, and hypertension.
Many investigations have demonstrated that the extracts and
biologically active components of SG have anti-allergic and
anti-inflammatory activities (14-17). In addition, the water
extract of SG has been reported to have antitumor activity
against breast cancer cells by inducing apoptosis (18),
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however, the effects and molecular mechanisms of SG on
other cancer cells remain unexplored. In the present study, we
evaluated the regulatory effects and signaling pathways of SG
on proliferation, adhesion, migration and invasion in ovarian
cancer cells.

Materials and methods

Cell culture conditions. Human ovarian carcinoma cells
(SKOV-3) from American Type Culture Collection (Manassas,
VA, USA) were grown in 10% fetal bovine serum-Dulbecco's
modified Eagle's medium (FBS-DMEM) (HyClone Laboratories,
Logan, UT, USA).

Reagents. The following antibodies were purchased from
commercial sources: anti-integrin p1, anti-N-cadherin,
anti-phospho-FAK (Y397), anti-FAK, (BD Biosciences,
Bedford, MA, USA); anti-phospho-Src (Y416), anti-Src,
anti-phospho-ERK (T202/Y204), anti-phospho-Akt (S473),
anti-phospho-p705%% (T421/S424), anti-phospho-pRb (S780),
anti-phospho-pRb (S807/S811), anti-pRb (Cell Signaling,
Beverly, MA, USA); anti-EGFR, anti-VEGFR-2, anti-FGFR-1,
anti-ILK, anti-ERK, anti-Akt, anti-p705°%, anti-MMP-2,
anti-Cdk4, anti-Cdk2, anti-cyclin D, anti-cyclin E, anti-actin
antibodies, and mouse and rabbit IgG-horseradish peroxidase
conjugates (Santa Cruz Biotechnology, Santa Cruz, CA, USA).

Preparation of SG extract. The ethanol extract was prepared
by mixing 100 g SG with 1 liter of ethanol and stirring for
90 min. The extract was then filtered through a filter paper
(Advantec no. 5C, Toyo Roshi Kaisha, Tokyo, Japan), and the
filtrate was concentrated using a rotary evaporator (Heidolph
Instruments GmbH & Co., Schwabach, Germany) at 46°C
under vacuum. The yield of the dried extract was approxi-
mately 6.5 g/l1.

Cell growth assay. SKOV-3 cells, plated on 6-well plates
(2x10* cells/well, BD Biosciences), were serum-starved for
24 h to synchronize cells in G,/G, phase of the cell cycle, and
further incubated with 10% FBS-DMEM for 24 h in the pres-
ence of SG at different concentrations (0.1-10 zg/ml). The cells
were then washed in ice-cold phosphate buffered saline (PBS,
pH 7.4), detached with trypsin, and counted using trypan blue
exclusion method (19, 20). The results from triplicate deter-
minations (mean + standard deviation) are presented as the
fold-increase of untreated controls.

Western blot analysis. Subconfluent cells in 100-mm dishes
(BD Biosciences) were serum-starved for 24 h in DMEM and
replaced with fresh media, followed by treatments for different
time points, as indicated, at 37°C. Cells were rinsed twice with
ice-cold PBS and lysed by incubation in 50 mM Tris-HCI
(pH 7.4), 150 mM NaCl, 10% glycerol, 1% Triton X-100,
1 mM EDTA, 100 pg/ml 4-(2-aminoethyl)benzenesulfonyl
fluoride, 10 pg/ml aprotinin, 1 pg/ml pepstatin A, 0.5 ug/ml
leupeptin, 80 mM B-glycerophosphate, 25 mM sodium fluoride
and 1 mM sodium orthovanadate for 30 min at 4°C. Cell
lysates were clarified at 13,000 x g for 20 min at 4°C, and
the supernatants were subjected to western blot analysis as
previously described (21).
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Adhesion assay. Subconfluent cells were detached with trypsin
and allowed to recover in 10% FBS-DMEM for 1 h at 37°C
with gentle rocking. After recovery, the cells were collected
by low-speed centrifugation and resuspended in serum-free
DMEM. The cell suspension was pretreated with or without
SG for 30 min, and followed by serum treatment. The cells
were plated on 96-well plates (1.5x10* cells/well), and further
incubated for 2 h at 37°C. Following incubation unattached
cells were removed by washing the wells three times with
PBS. Attached cells were fixed with methanol, and then
stained with 0.04% Giemsa staining solution (Sigma-Aldrich
Co., St. Louis, MO, USA). The cells were photographed and
counted. The results (mean + standard deviation) are presented
as the numbers of adherent cells (22).

Migration assay. Cell migration was quantified in the in vitro
wound-healing assay as previously described (23,24). After
cells were plated on 48-well plates, and grown to confluence,
a single wound was created in the center of the cell monolayer
by the gentle removal of the attached cells with a sterile plastic
pipette tip. Following incubation with serum-free DMEM
for 2 h, cells were pretreated with or without SG for 30 min,
followed by serum stimulation for 14 h. Cells were fixed with
methanol, and then stained with 0.04% Giemsa solution. The
migration of the cells into the wound was observed with still
images taken at the indicated time points.

Invasion assay. The upper side of the transwell insert (Costar,
6.5 mm diameter insert, 8 ym pore size) (Corning Inc., Corning,
NY, USA) was coated with 50 ul of 1 mg/ml Matrigel (BD
Biosciences) diluted in serum-free DMEM at 37°C. Aliquots
(100 pl) of cells (8x10° cells/ml) resuspended in serum-free
DMEM were added to the upper compartment of the Matrigel-
coated transwell and 600 ul of serum-free DMEM was added
to the lower compartment. After serum starvation for 2 h, cells
were pretreated with or without SG for 30 min, followed by
serum stimulation for 15 h. The inserts were fixed with meth-
anol and using a cotton-tipped swab the non-invasive cells
were removed from the top of the membrane. After staining
with 0.04% Giemsa solution, the number of invasive cells
was determined from six different fields using x200 objective
magnification (25).

Zymogram analysis. Activities of matrix metalloproteinases
(MMPs) were measured by zymography (21,26). Aliquots of
conditioned medium were diluted in sample buffer, applied to
10% polyacrylamide gels containing 1 mg/ml gelatin (Sigma-
Aldrich Co.) as a substrate. After electrophoresis, the gels
were incubated in 2.5% Triton X-100 for 1 h to remove SDS
and allow re-naturalization of MMPs, and further incubated
in developing buffer containing 50 mM Tris-HCI (pH 7.5),
10 mM CaCl,, and 150 mM NaCl for 15 h at 37°C. The gels
were stained with 0.5% Coomassie brilliant blue R-250 in 30%
methanol-10% acetic acid for 2 h and followed by destaining
with 30% methanol-10% acetic acid. Gelatinolytic activities
were detected as unstained bands against the background of
the Coomassie blue-stained gelatin.

Statistical analysis. Statistical analysis was performed using
Student's t-test, and was based on at least three different
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Figure 1. SG treatment suppresses proliferation by downregulation of
cyclin E and upregulation of p27%"' in SKOV-3 cells. (A) Quiescent cells
were pretreated with or without SG at different concentrations (0.1-10 pg/ml)
for 30 min, followed by 10% serum stimulation for 24 h. Cell proliferation
results from three independent experiments (mean + SD) are presented as
the fold-increase of untreated controls. Statistical significance is indicated
("p<0.05, compared with 10% serum-treated cells). (B and C) Cell lysates
were western blotted with anti-Cdk4, anti-cyclin D, anti-Cdk2, anti-cyclin E,
anti-p27%"! anti-actin, anti-phospho-pRb (S780), anti-phospho-pRb
(S807/S811), or anti-pRb antibodies. Results shown are representative of at
least three independent experiments.

experiments. The results were considered to be statistically
significant when p<0.05.

Results

SG suppresses cell proliferation through modulating the
expression of cell cycle-related proteins. We first examined the
effect of SG on cell proliferation in SKOV-3 cells. SG treatment
marginally, but significantly, suppressed cell proliferation in a
dose-dependent manner (Fig. 1A). Based on these findings, we
next analyzed the changes of cell cycle-related proteins. It has

223

250 ;

- N
3] (=]
o (=1

Cell adhesion
(Cell No.)
=
o
x.

50 |

0
10% FBS - + + +
SG (Mg/ml) - - 1 10

Figure 2. SG treatment inhibits cell adhesion. The number of attached cells
was determined by counting six random fields of cells (x100 magnification)
as described in Materials and methods. Cell adhesion results from six inde-
pendent experiments (mean + SD) are presented as the number of adherent
cells. Statistical significance is indicated (‘p<0.05, compared with 10%
serum-treated cells).

been reported that cell cycle progression requires activation
of cyclin-dependent kinases (Cdks) through formation with
cyclins and subsequent phosphorylation of retinoblastoma
protein (pRb), resulting in transition from GI to S phase of the
cell cycle. The kinase activity of these complexes is regulated
by the Cip/Kip family of Cdk inhibitors such as p27%"' and
p21VAFUCIR! a5 well as INK-4 family that specifically inhibit
Cdk4/6-cyclin D complexes (27). SG treatment dramatically
downregulated the expression of cyclin E and upregulated the
p27%"! Jevels to levels observed in untreated controls (Fig. 1B).
However, SG treatment did not significantly affect the levels
of Cdk4, Cdk2, and cyclin D but decreased those of Cdk4 and
cyclin D reproducibly (Fig. 1B). In addition, we analyzed the
phosphorylation of pRb on residues Ser 780 and Ser 807/811,
sites specific for Cdk4 and Cdk?2 phosphorylation, respec-
tively. As shown in Fig. 1C, SG treatment dose-dependently
suppressed pRb phosphorylation at both sites, in good agree-
ment with the expression levels of Cdks and cyclins (Fig. 1B).
Collectively, these findings demonstrate that SG regulates
the expression of cell cycle-related proteins and subsequent
phosphorylation of pRb, resulting in inhibition of cell cycle
progression and proliferation.

SG inhibits ovarian cancer cell adhesion, motility and
invasion. Cell adhesion and migration associated with EMT
and tumor microenvironment are controlled by coordinated
processes through the interactions with ECMs as well as
intercellular components (9-12). We next examined the effects
of SG on adhesion, migration and invasion of SKOV-3 cells
in response to mitogenic stimulation. SG treatment markedly
inhibited cell adhesion, migration, invasion in a dose-depen-
dent manner (Figs. 2 and 3A and B). Expression and activation
of MMPs have been reported to promote cell migration and
invasion by selective proteolytic degradation of ECM compo-
nents (13). Based on SG-mediated inhibition of cell migration
and invasion, we analyzed the levels of MMPs in SKOV-3 cells.
SG treatment showed little or no change of expression and
activity of MMP-2 and MMP-9 (Fig. 3C and D), suggesting the
existence of alternative mechanism to inhibit cell migration
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Figure 3. SG treatment blocks cell migration and invasion. (A) Cell migration was quantified by measuring the migration distance of cells from wound edge as
described in Materials and methods. Results from six independent experiments (mean + SD) are represented as the fold-increase of untreated controls. (B) The
number of invasive cells was determined by counting six different fields of cells (x200 magnification). Results from six independent experiments (mean + SD)
are presented as the number of invasive cells. Statistical significance is indicated ("p<0.05, “p<0.01, compared with 10% serum-treated cells). (C) Quiescent
cells were pretreated with SG (10 xg/ml) for 30 min, followed by 10% serum stimulation for 24 h. Cell lysates were western blotted with anti-MMP-2 or anti-
actin antibodies. (D) Gelatin zymogram analysis was carried out by using conditioned media from cell culture treated as in (C). Zymogram gel loading was
normalized to total protein concentration. Results are representative of at least three independent experiments.

and invasion by SG treatment, and this mechanism appears to
be independent of regulation of MMP activity.

In vitro antitumor effects of SG on ovarian cancer are medi-
ated through inhibition of mitogenic signaling pathways, and
downregulation of receptor tyrosine kinases and N-cadherin.
To further investigate the molecular mechanisms by which
SG regulates cell fates, we examined the changes in activa-
tion of intracellular signaling components including focal
adhesion kinase (FAK), Src, extracellular signal-regulated
kinase (ERK), phosphatidylinositol 3-kinase (PI3-K)/Akt, and
mammalian target of rapamycin (mTOR)/p705°% and expres-
sion of RTKs including EGFR, VEGFR-2, and FGFR-1 which
play the pivotal roles in cell proliferation, migration, and
invasion (2,28). As expected, mitogenic stimulation for 15 min
markedly increased the phosphorylation/activation of FAK,
ERK, Akt, and p70%%%, but not that of Src, when compared with
unstimulated controls (Fig. 4A). SG treatment significantly
inhibited the phosphorylation of FAK, ERK, Akt and p705¢%
in a dose-dependent manner. This suppression of downstream
signaling pathways of integrins and RTKs appears to mediate
anti-proliferative, anti-adhesive, anti-migratory and anti-
invasive properties of SG in ovarian cancer cells.

We next analyzed the changes in the expression of RTKs and
integrin 1, which are overexpressed and correlate with ovarian
cancer progression and metastatic potential (4,6-8,29-31). As
shown in Fig. 4B, SG treatment markedly inhibited mitogen-
induced expression of EGFR, VEGFR-2 and FGFR-1, but not

that of integrin B, to levels observed in unstimulated controls.
In addition, SG treatment suppressed the expression of integrin-
linked kinase (ILK), which can interact with the cytoplasmic
domain of integrin § subunit and is activated by both integrin
activation and growth factors (32). Finally, pretreatment of
cells with PD98059, an inhibitor of ERK pathway, LY294002,
an inhibitor of PI3-K/Akt pathway, or rapamycin, an inhibitor
of mTOR/p705%% pathway, mimicked the suppressive effects of
SG on RTK expression (Fig. 4C), cell proliferation, adhesion,
and migration (data not shown), indicating that the ethanol
extract of SG contains the pharmacologically effective compo-
nents, similar to these inhibitors, and may share the roles and
mechanisms of action in regulating cell fates.

Loss of E-cadherin from the cell surface, commonly occurs
in cancer progression, resulting in disruption of cell-cell
contacts, cell detachment, cell shape change, cell migration and
invasion. On the other hand, elevation of N-cadherin, one of
the mesenchymal markers, induces EMT and cancer progres-
sion (9,13). Alteration in cadherin function can be assessed by
the levels of cadherin detectable in the Triton X-100 insoluble
cell extracts. As shown in Fig. 5, SG treatment completely
inhibited mitogen-stimulated distribution of N-cadherin in
detergent-insoluble fraction to levels observed in unstimulated
controls, however, did not alter the expression of N-cadherin
in detergent-soluble fraction. In contrast, the expression of
E-cadherin in SKOV-3 cells was not clearly detectable (data
not shown). Taken together, these findings demonstrate that
suppression of cell proliferation, adhesion, migration and
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Figure 4. Changes of signaling pathways and RTK expression in SG-treated
cells. (A) Quiescent cells were pretreated with SG at different concentrations
(0.1-10 pug/ml) for 30 min, followed by 10% serum stimulation for 15 min.
Cell lysates were western blotted with anti-phospho-FAK, anti-FAK, anti-
phospho-Src, anti-Src, anti-phospho-ERK, anti-ERK, anti-phospho-Akt,
anti-Akt, anti-phsopho-p705°%, or anti-p705°¥ antibodies. (B) Cells were
pretreated with SG for 30 min, followed by serum stimulation for 24 h. Cell
lysates were western blotted for EGFR, VEGFR-2, FGFR-1, integrin 1 and
ILK. (C) Cells were pretreated with PD98059 (25 yM), LY294002 (10 uM),
or rapamycin (50 nM) for 30 min, and then stimulated with 10% serum for
24 h. Cell lysates were western blotted for EGFR, VEGFR-2 and FGFR-1.
Results shown are representative of three independent experiments.

225

Triton X-100
insoluble fraction

Triton X-100
m soluble fraction
10% FBS - + +
SG(ug/ml) - - 10

N-cadherin

Figure 5. Regulatory effect of SG on N-cadherin distribution in cells.
Quiescent cells were pretreated with SG (10 pg/ml) for 30 min, followed by
10% serum stimulation for 24 h. Translocation of N-cadherin was assessed
by Triton X-100 solubility. The Triton X-100 insoluble or soluble fraction was
western blotted with anti-N-cadherin antibodies. Results are representative
of three independent experiments.

invasion by SG ethanol extracts might be mediated through
inactivation of mitogen-stimulated signaling pathways and
subsequent downregulation of RTKs and N-cadherin.

Discussion

Siegesbeckia glabrescens (SG) has mainly been used in tradi-
tional medicine for the treatment of allergic and inflammatory
diseases. This application is well supported by recent studies
that SG possesses pharmacologically active components
such as flavones and sesquiterpene lactone to reduce inflam-
mation (16,17). In addition to anti-inflammatory activity, it
has been reported to have anti-proliferative effect on breast
cancer cell lines by inducing apoptosis (18). However, detailed
molecular mechanisms of SG responsible for regulation of
cancer growth and progression have been clearly reported to
date. In the present study, we demonstrate for the first time
that the ethanol extract of SG inhibits proliferation, adhesion,
migration and invasion of ovarian cancer SKOV-3 cells. These
antitumor activities of SG were found to be mediated through
inactivation of RTK signaling pathways and downregulation of
RTK and N-cadherin, as evidenced by using pharmacological
inhibitors such as PD98059, LY294002 and rapamycin.

Overexpressed RTKs and dysregulation of RTK signaling
pathways contribute to ovarian cancer growth and progres-
sion (4-8). These events are very complex and closely associated
with EMT, a process which is controlled by a variety of signals
from tumor microenvironment as well as up- and down-
regulation of EMT-related cellular markers (9-11).

Our results clearly show that SG treatment inhibits mitogen-
stimulated signaling pathways and expression of EGFR,
VEGFR-2, FGFR-1, and ILK as well as N-cadherin, which
plays the pivotal roles in the formation and stability of blood
vessels associated with cancer growth and progression (9),
similar to previous reports demonstrating that suppression of
human EGFR-2 expression inhibits cell proliferation, migra-
tion and invasion through upregulation of epithelial marker
E-cadherin and downregulation of mesenchymal markers
N-cadherin and vimentin in SKOV-3 cells (33). These find-
ings suggest that cross-talk between RTKs and integrins,
and interactions of cellular and ECM molecules coordinately
function to regulate cancer progression within tumor microen-
vironment. Therefore, further understanding of the molecular
mechanisms and identification of targets in ovarian cancer
progression are warranted to improve therapeutic efficacy and
reduce the incidence of drug resistance to cancer therapy.
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In conclusion, our findings provide important insights into

the roles and pharmacological efficacy of SG in regulation
of ovarian cancer growth and progression, and support the
development as a potent antitumor agent for the treatment of
ovarian cancer.
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