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Apoptotic and anti-metastatic effects of the whole skin
of Venenum bufonis in A549 human lung cancer cells
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Abstract. In the present study, the effects of the whole skin
of Venenum bufonis on apoptotic and anti-invasive activity in
A549 human lung cancer cells were investigated. Treatment with
extract of the whole skin of V. bufonis (SVB) resulted in a signifi-
cant decrease in cell growth of A549 cells, depending on dosage,
which was associated with apoptosis induction, as proved by
chromatin condensation and accumulation of apoptotic fraction.
SVB treatment induced expression of death receptor-related
proteins, such as death receptor 4, which further triggered activa-
tion of caspase-8 and cleavage of Bid. In addition, the increase
in apoptosis by SVB treatment was correlated with dysfunction
of mitochondria, activation of caspase-9 and -3, downregulation
of IAP family proteins, such as XIAP, cIAP-1 and cIAP-2, and
concomitant degradation of activated caspase-3-specific target
proteins, such as poly (ADP-ribose) polymerase and -catenin
proteins. However, z-DEVD-fmk, a caspase-3-specific inhibitor,
blocked SVB-induced apoptosis and increased the survival rate
of SVB-treated cells, indicating that activation of caspase-3 plays
a key role in SVB-induced apoptosis. In addition, within concen-
trations that were not cytotoxic to A549 cells, SVB induced
marked inhibition of cell motility and invasiveness. Activities of
matrix metalloproteinase (MMP)-2 and MMP-9 in AGS cells
were dose-dependently inhibited by treatment with SVB, and
this was also correlated with a decrease in expression of their
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mRNA and proteins, and upregulation of tissue inhibitors of
metalloproteinase (TIMP)-1 and TIMP-2 mRNA expression.
Further studies are needed; however, the results indicated that
SVB induces apoptosis of A549 cells through a signaling cascade
of death receptor-mediated extrinsic as well as mitochondria-
mediated intrinsic caspase pathways. Our data also demonstrated
that MMPs are critical targets of SVB-induced anti-invasiveness
in A549 cells.

Introduction

Apoptosis is the active process of endogenous programmed
cell death, which plays an important role in developmental
processes, maintenance of homeostasis, and elimination of
damaged cells. Apoptosis is a tightly regulated process charac-
terized by a series of distinct morphological and biochemical
alterations to cells, including plasma membrane blebbing, cell
shrinkage, cell surface expression of phosphatidylserine, depo-
larization of mitochondria, chromatin condensation, and DNA
fragmentation. Many gene products have been demonstrated
as critical in regulation of apoptosis. In general, apoptosis
can be initiated through two well-recognized pathways in
cells; the death receptor-mediated (extrinsic) pathway and the
mitochondria-dependent (intrinsic) pathway (1,2). In the former
case, plasma membrane death receptors are involved and the
apoptosis signal is provided by ligation between ligands and
cell surface death receptors, and activation of caspase-8, which
activates downstream effector caspases (-3, -6, and/or -7). The
mitochondrion-mediated intrinsic pathway begins with disrup-
tion of mitochondrial membrane potential (MMP, A¥,,) and
release of apoptogenic proteins, such as cytochrome c, into
the cytosol. Once in the cytosol, cytochrome ¢ can activate
caspase-9, which in turn cleaves and activates caspase-3. Thus,
caspases, a group of cysteine proteases, play key roles in both
apoptotic pathways. Caspases are synthesized as proenzymes,
which are activated by cleavage of the prodomain at a specific
aspartic acid cleaving site. Caspase activation is often regulated
by various cellular factors, including members of the Bcl-2
family and/or inhibitor of apoptosis (IAP) family proteins (3.4).
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Although these pathways act independently to initiate apop-
tosis, a delicate balance and cross-talk between the extrinsic and
intrinsic pathways occurs in many cell types. However, most
cancer cells block apoptosis, which allows for survival of malig-
nant cells despite genetic and morphologic transformations.
Thus, induction of apoptosis in tumor cells has been shown to
be the most common anti-cancer mechanism targeted by many
cancer therapies (5,6). Therefore, there is a need to identify
potential therapeutic anti-tumor agents with potent and cancer
cell selective apoptotic effects.

Metastasis is a sequential multi-step process, which ulti-
mately leads to outgrowth of the cancer in a different organ
from which it had originated. Metastasis is a major barrier to
treatment of cancer and a single event that results in the death of
most patients with cancer. This process involves the following
steps: invasion of adjacent tissues, intravasation, transport of
cancer cells through the circulatory system, arrest at a secondary
site, and extravasation and growth in a secondary organ (7-9).
Therefore, inhibition of tumor cell migration and invasion are
important mechanisms in the anti-metastatic properties of
anti-cancer drugs. Recently, substantial data have indicated that
inverted expression of matrix metalloproteinases (MMPs) and
tissue inhibitors of metalloproteinases (TIMPs) suggest that they
function as key regulators in cancer progression, invasion, and
metastasis. MMPs, a family of zinc-dependent endopeptidases,
are known to process a broad spectrum of cell surface molecules
and to function in several important biological processes. They
are collectively capable of cleavage of virtually all extracellular
matrix (ECM) substrates, and degradation of matrix is a key
event in progression, invasion, and metastasis of potentially
malignant and malignant lesions (10,11). Among various MMPs,
MMP-2 and MMP-9 appear to play an important role in tumor
invasion and metastasis and are highly expressed in epithelial
cancer cells, including lung carcinoma cells (12-14). On the other
hand, TIMPs are naturally occurring inhibitors of MMPs, which
inhibit catalytic activity of MMPs through binding to activated
MMPs and control of breakdown of ECM (14,15). TIMPs can
also inhibit proliferation, invasion, and metastasis of malignant
cells. Disturbance in balance of MMPs and TIMPs is found in
various pathologic conditions, including cancer (16). Therefore,
balance between MMPs and TIMPs plays a vital role in main-
taining the integrity of healthy tissues, and MMP inhibitors,
as well as TIMP activators, are expected to be useful chemo-
therapeutic agents for treatment of malignant cancer.

Amphibian skin extract has been used as a traditional Chinese
medicine for centuries for alleviation of human suffering (17).
Toads, particularly members of the genus Bufo, have been
identified as a particularly useful and readily available source
of granular gland secretions, which commonly contain biogenic
amines, bufodienolides, alkaloids and steroids, and peptides and
proteins (18,19). Chan Su, also called toad venom, is dried white
venom prepared from skin secretions of giant toads, such as Bufo
bufo gargarizans Cantor and B. melsanostictus Schneider. It is
widely used in clinics for treatment of various cancers and heart
failure (20-22). Chan Su has been applied in numerous clinical
situations; however, the bioactive compounds in Chan Su are
not fully known. Until recently, only a few studies have reported
on its pharmacological effects, and bufadienolides, including
bufalin, are generally agreed upon to be the major bioactive
components (19,23). Several studies have demonstrated the
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potency of Chan Su and its major components in treatment of
various cultured human cancer cells by induction of cell cycle
arrest and apoptosis (23-28). The significance of Chan Su in
induction of apoptosis against human bladder carcinoma cells,
which was mediated by modulation of Bcl-2 family proteins and
proteolytic activation of caspases, has recently been reported
(29). The apoptotic effects of Chan Su were also associated with
specific inhibition of cyclooxygenase-2 expression and prosta-
glandin E, production (29). The effects of extract of Chan Su
induced apoptosis in non-small cell lung cancer (NSCLC) A549
cells accompanied by modulation of the death receptor system,
Bcl-2 family members, mitochondrial dysfunction, and activa-
tion of caspases have been demonstrated (30). However, the
precise anti-cancer effects of Chan Su in human malignant cells
are largely unknown.

The present study attempts to elucidate the anti-cancer poten-
tial of the whole skin of Venenum bufonis (SVB) in the NSCLC
A549 cell line and the underlying intracellular signal transduc-
tion pathways involved in regulation of apoptosis and metastasis.
Results of this study demonstrated that SVB induces apoptosis
of A549 cells through a signaling cascade of death receptor-
mediated extrinsic and mitochondria-mediated intrinsic caspase
pathways. Our data also indicated that SVB inhibits cell motility
and invasion of A549 cells through inhibition of the activities of
MMPs, while concurrently inducing TIMP expression.

Materials and methods

Cell culture and SVB preparation. The NSCLC A549 cell
line was obtained from the American Type Culture Collection
(Rockville, MD, USA) and cultured in RPMI-1640 medium
(Gibco BRL, Gaithersburg, MD, USA) supplemented with 10%
heat-inactivated fetal bovine serum (FBS, Gibco BRL), 2 mM
glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin
in a humidified environment with 5% CO, at 37°C. The whole
skin of V. bufonis (SVB) was obtained from Dunsan Oriental
Hospital (Daejeon, South Korea). For preparation of extracts of
SVB, SVB was pan fried at 90°C for 1 min; 45.4 g of SVB was
then washed with distilled water, and boiled in 1 1 water at 80°C
for 6 h. Solid particles and aggregates were removed by centrifu-
gation at 3,000 x g for 30 min, followed by lyophilisis of the
supernatants. Finally, 19.8 g lyophilized SVB were obtained and
used in this experiment. The lyophilized extract was stored at
-20°C until used or dissolved to a 100 mg/ml concentration with
medium, and the stock solution was then diluted with medium to
the desired concentration prior to use.

Cell proliferation and viability assay, and morphological study.
For the cell proliferation study, cells were cultured in the
absence and presence of variable concentrations of SVB for
24 h. Cells were trypsinized, washed with phosphate-buffered
saline (PBS), and viable cells were scored using a hemo-
cytometer through exclusion of trypan blue. Measurement of
cell viability was determined using the 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT, Sigma
Chemical Co., St. Louis, MO, USA) assay, which is based on
the conversion of MTT to MTT-formazan by mitochondrial
enzymes. For morphological study, the cells were treated with
SVB for 24 h and directly photographed with an inverted
microscope (Carl Zeiss, Germany).
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Nuclear staining with DAPI. For evidence of apoptosis, morpho-
logical changes of nuclei were visualized following DNA
staining using the fluorescent dye 4,6-diamidino-2-phenylindole
(DAPI, Sigma). After treatment of A549 cells with SVB, the
cells were harvested, washed in ice-cold PBS, and fixed with
3.7% paraformaldehyde (Sigma) in PBS for 10 min at room
temperature. Fixed cells were collected using cytospin, washed
with PBS, and stained with DAPI solution for 10 min at room
temperature. The cells were washed two more times with PBS
and the nuclear morphology of the cells was examined using a
fluorescence microscope (Carl Zeiss, Germany).

Flow cytometry analysis for measurement of sub-GIl phase.
After treatment with various concentrations of SVB for 24 h, the
cells were harvested and washed twice with ice-cold PBS, fixed
in ice-cold 70% ethanol, and stored at 4°C. Prior to analysis,
the cells were washed once again with PBS, suspended in 1 ml
of a cold propidium iodide (PI, Sigma) solution containing
100 ug/ml RNase A, 50 pg/ml PI, 0.1% (w/v) sodium citrate,
and 0.1% (v/v) NP-40, and further incubated on ice for 30 min
in the dark. DNA content at sub-G1 phase was then determined
by flow cytometer (FACSCaliber, Becton-Dikinson, San Jose,
CA, USA) and CellQuest software was used for determination
of the relative DNA content based on the presence of a red
fluorescence (31).

Mitochondrial membrane potential (MMP, AWY,,) assay. MMP
(4¥,) values were measured using a flow cytometer with a
lipophilic cationic probe 5,5',6,6'-tetrachloro-1,1',3,3'-tetra-
ethylbenzimidazolylcarbocyanine lodide (JC-1, Calbiochem,
San Diego, CA, USA). JC-1 is a ratiometric, dual-emission
fluorescent dye that is internalized and concentrated by respiring
mitochondria and can reflect changes in MMP (4¥,,) in living
cells. There are two excitation wavelengths, 527 nm (green) for
the monomer form and 590 nm (red) for the J-aggregate form.
With normal mitochondrial function, MMP (4¥,,) is high and the
red fluorescence is predominant. However, when there is mito-
chondrial injury, MMP (4¥,) is reduced, leading to an increase
in green fluorescence. Quantitation of red and green fluorescent
signals reflects whether mitochondria are damaged. For this
study, cells treated with SVB were trypsinized and the cell pellets
were re-suspended in 500 u1 of PBS and incubated with 10 xM
JC-1 for 20 min at 37°C. The cells were subsequently washed
once with cold PBS, suspended in a total volume of 500 yI, and
analyzed using a flow cytometer.

Protein extraction, gel electrophoresis, and Western blot
analysis. Cells were treated with SVB for 24 h and harvested
with ice-cold PBS. Total cell lysates were lysed in an extraction
buffer [25 mM Tris-ClI (pH 7.5), 250 mM NaCl, 5 mM ethyl-
enediaminetetra acetic acid, 1% Nonidet P-40, 0.1 mM sodium
orthovanadate, 2 pg/ml leupeptin, and 100 ug/ml phenylmethyl-
sulfonyl fluoride]. A Bio-Rad protein assay kit (Bio-Rad,Hercules,
CA, USA) was used for determination of protein concentration.
For Western blot analysis, proteins (~30-50 ug) were separated
by ~8-10% sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis and then electrotransferred to a nitrocellulose
membrane (Schleicher & Schuell, Keene, NH, USA). Membranes
were blocked with 5% skim milk for 1 h and then subjected to
immunoblot analysis with the appropriate antibodies. Proteins
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were then visualized by the enhanced chemiluminescence (ECL)
method according to the recommended procedure (Amersham
Co., Arlington Heights, IL, USA). Primary antibodies were
purchased from Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
USA) and Calbiochem. Peroxidase-labeled donkey anti-rabbit
immunoglobulin and peroxidase-labeled sheep anti-mouse
immunoglobulin were purchased from Amersham (32).

Assay of caspase-3, -8 and -9 activity. Enzymatic activity of
caspases induced by SVB was assayed using a colorimetric assay
kit according to the manufacturer's protocol (R&D Systems,
Minneapolis, MN, USA). Briefly, the cells were lysed in a lysis
buffer for 30 min on an ice bath. The lysed cells were centrifuged
at 12,000 g for 10 min, and 100 pg of the protein was incubated
with 50 pul of a reaction buffer and 5 ul of the colorimetric
tetrapeptides, Asp-Glu-Val-Asp (DEVD)-p-nitroaniline (pNA)
for caspase-3, lle-Glu-Thr-Asp (IETD)-pNA for caspase-8 and
Leu-Glu-His-Asp (LEHD)-pNA for caspase-9, respectively, at
37°C for 2 h. Optical density of the reaction mixture was quanti-
fied spectrophotometrically at a wavelength of 405 nm (33).

Wound healing migration assay. Wound healing experiments
were conducted in order to assess the effect of SVB on A549
cell motility. In brief, cells were grown to confluence on 30-mm
cell culture dishes coated with rat tail collagen (20 xg/ml, BD
Biosciences, Bedford, MA, USA), and then treated for 6 h with
vehicle or 2 ug/ml of SVB, which induced no cytotoxic effects,
as shown by the results of the MTT assay. A scratch was made
in the cell layer using a pipette tip. After washing with PBS,
serum-free media (to prevent cell proliferation) containing
either vehicle or SVB was added. In order to monitor cell move-
ment into the wounded area, photographs of the wounded area
were taken immediately after the scratch was made and 12 and
24 h later.

Matrigel invasion assay. In order to determine the effects of
SVB on A549 cell invasiveness, the cells were exposed for 6 h
to 2 ug/ml of SVB, and were evaluated by the Boyden chamber
(BD Biosciences) invasion assay. Briefly, treated cells (50,000)
were plated onto the apical side of Matrigel-coated filters in
serum-free medium containing either vehicle or SVB. Medium
containing 20% FBS was placed in a basolateral chamber as a
chemoattractant. After 24 h, cells on the apical side were wiped
off with a Q-tip. Cells on the bottom of the filter were stained
with hematoxylin (Sigma) and counted (three fields of each
triplicate filter) using an inverted microscope.

RNA extraction and reverse transcription-PCR. Total RNA
was prepared using an RNeasy kit (Qiagen, La Jolla, CA,
USA) and primed with random hexamers for synthesis of
complementary DNA using AMV reverse transcriptase
(Amersham Corp.) according to the manufacturer's instruc-
tions. Polymerase chain reaction (PCR) was performed in
a Mastercycler (Eppendorf, Hamburg, Germany) with the
primers indicated in Table I. Conditions for PCR reactions
were 1x (94°C for 3 min), 35x (94°C for 45 sec; 58°C for 45 sec;
and 72°C for 1 min) and 1x (72°C for 10 min). Amplification
products obtained by PCR were electrophoretically separated
on 1% agarose gel and visualized by ethidium bromide (EtBr)
staining.
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Table I. Sequences of the primer pairs employed in the RT-PCR reactions.
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Name Sequence of primers

TIMP-1 Sense 5'-TGG-GGA-CAC-CAG-AAG-TCA-AC-3'
Antisense 5'-TTT-TCA-GAG-CCT-TGG-AGG-AG-3'

TIMP-2 Sense 5-GTC-AGT-GAG-AAG-GAA-GTG-GAC-TCT-3'
Antisense 5'-ATG-TTC-TTC-TCT-GTG-ACC-CAG-TC-3'

MMP-2 Sense 5'-GGC-CCT-GTC-ACT-CCT-GAG-AT-3'
Antisense 5'-GGC-ATC-CAG-GTT-ATC-GGG-GA-3'

MMP-9 Sense 5'-CGG-AGC-ACG-GAG-ACG-GGT-AT3'
Antisense 5'-TGA-AGG-GGA-AGA-CGC-ACA-GC-3'

GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3'
Antisense 5'-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'

Gelatin zymographic analysis of secreted MM Ps. After incuba-
tion with SVB for 24 h, cell culture supernatants were collected
and centrifuged at 400 x g for 5 min. The cell-free supernatant
was mixed with 2X sample buffer (Invitrogen) and zymography
was performed using precast gels (10% polyacrylamide and
0.1% gelatin). Following electrophoresis, the gels were washed
twice at room temperature for 30 min in 2.5% Triton X-100,
subsequently washed in buffer containing 50 mM Tris-HCl,
150 mM NaCl, 5 mM CaCl,, 1 uM ZnCl,,0.02% NaN; at pH 7.5
and incubated in this buffer at 37°C for 24 h. Thereafter, the gels
were stained with 0.5% (w/v) Coomassie brilliant blue G-250
(Bio-Rad) for 1 h, then lightly de-stained in methanol:acetic
acid:water (3:1:6). Clear bands appear on the Coomassie stained
blue background in areas of gelatinolytic activity. Gels were
scanned and images were processed by extraction of the blue
channel signal, converting it to black and white and inverting
it in order to quantify the gelatinolytic activities from the inte-
grated optical density.

Statistical analysis. Data are expressed as the means + SD.
Statistical comparisons were performed using One-way ANOVA
followed by a Fisher's test. Significant differences between the
groups were determined using an unpaired Student's t-test. A
p<0.05 was considered significant.

Results

Growth inhibition and apoptosis induction by SVB in A549 cells.
In order to determine whether SVB inhibits cell viability and
proliferation, A549 cells were treated with various concentrations
of SVB and the relative cell proliferation and viable cell number
were then measured by the MTT assay and trypan blue exclusion
method, respectively. As shown in Fig. 1A and B, treatment with
SVB resulted in a significant reduction in cell proliferation and
viability, and these effects occurred in a concentration-dependent
manner. Next, experiments were performed in order to deter-
mine whether the inhibitory effects of SVB on cell viability

and proliferation are the result of apoptotic cell death. Direct
observation using an inverted microscope showed many distinct
morphological changes in cells treated with SVB, compared with
control cells (Fig. 1C). In particular, cell shrinkage, cytoplasm
condensation, and formation of cytoplasmic filaments with
protuberances resulted in more of a spindle shape, membrane
shrinkage, and cell rounding up appeared in a concentration-
dependent manner after SVB treatment. Using morphological
analysis with DAPI staining, nuclei with chromatin condensation
and formation of apoptotic bodies were observed in cells cultured
with SVB in a concentration-dependent manner. In contrast, very
few were observed in the control culture (Fig. 1D). We further
analyzed the amount of sub-G1 DNA, which contained less
DNA than G1 cells, in order to quantify the degree of apoptosis
induction of A549 cells by SVB treatment using a flow cyto-
meter. Flow cytometric analysis indicated that SVB treatment
caused significant increases in apoptotic cell percentages, as
compared with control cells (20% of apoptotic cells in cells with
5 ug/ml of SVB for 24 h, Fig. 1E). These results demonstrated an
association of the cytotoxic effects observed in response to SVB
with induction of apoptosis in A549 cells, and there was a good
correlation between the extent of apoptosis and inhibition of cell
viability and proliferation.

Effects of SVB on the mitochondrial pathway. To investigate the
association with the mitochondria-mediated intrinsic pathway
in SVB-induced apoptosis, alterations in MMP (4%,,) were
determined using the fluorescent dye, JC-1. As shown in Fig. 2,
treatment with SVB resulted in markedly induced mitochondrial
membrane hyperpolarization in a concentration-dependent
manner. We next examined the expression levels of Bcl-2 family
proteins directly interacting with mitochondria. Western blot
analyses data revealed that the levels of Bax and Bad expression,
pro-apoptotic proteins, remained virtually unchanged in response
to SVB treatment, whereas the levels of Bcl-2 and Bcel-xL, anti-
apoptotic proteins, were significantly down-regulated by SVB
treatment, suggesting that SVB alters the Bax (Bad):Bcl-2 and
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Figure 1. Inhibition of cell growth and induction of apoptosis by SVB treatment in A549 human lung carcinoma cells. Cells were plated at 4x10* cells per
60-mm plate, and incubated for 24 h. Cells were treated with varying concentrations of SVB for 24 h, and cell viability and proliferation were measured by
the metabolic-dye-based MTT assay (A) and hemocytometer counts of trypan blue-excluding cells (B), respectively. Data are expressed as mean + SD of
three independent experiments. Values marked as * indicate significant differences from other treatments ("p<0.05). (C) Following treatment of cells with the
indicated concentrations of SVB, they were observed using an inverted microscope (magnification x200). (B) Cells grown under the same conditions as (C)
were stained with DAPI for 10 min, washed with PBS, and then photographed with a fluorescence microscope using a blue filter (magnification x400). (E) To
quantify the degree of apoptosis induced by SVB, cells grown under the same conditions were evaluated for sub-G1 DNA content, which represents fractions
undergoing apoptotic DNA degradation, using a flow cytometer. Each point represents the average of two independent experiments.

Bax (Bad):Bcl-XL ratio in A549 cells in a concentration-depen-
dent fashion (Fig. 3). These results suggested that SVB induced
apoptotic cell death in A549 cells through the intrinsic mitochon-
drial pathway, as evidenced by an increase in the ratio of Bax
(Bad)/Bcl-2 (Bcl-xL) expression and mitochondrial dysfunction.
In addition, although the truncated form of pro-apoptotic protein
Bid, a BH3-only protein member of the Bcl-2 family, was not
detected, SVB treatment resulted in a decrease of the whole
form of Bid proteins. These data indicate the possibility that
both the extrinsic and intrinsic pathways might be involved in
SVB-induced apoptosis in A549 cells.

Activation of caspases and degradation of PARP and [3-catenin
proteins by SVB treatment. Next, experiments were performed
in order to characterize the role of caspase activation in
SVB-mediated apoptosis in A549 cells. Immunoblotting results
showed markedly decreased levels of pro-caspase-3, -8, and -9

Loss of mitochondrial
membrane potential (%)

*
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*
* |
- 11
o 1 2 3 4 5
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Figure 2. Loss of MMP (A%, by SVB treatment in A549 cells. Cells grown
under the same conditions as those in Fig. 1 were stained with JC-1 and then
incubated at 37°C for 20 min, after which the mean JC-1 fluorescence intensity
was detected using a flow cytometer. Data represent the mean + SD of represen-
tative experiments performed at least three times. Significance was determined
by a Student's t-test (‘p<0.05 vs. untreated control).
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Equal amounts of cell lysates were resolved on SDS-polyacrylamide gels and
transferred to nitrocellulose membranes. Membranes were probed with the indi-
cated antibodies, and proteins were visualized using the ECL detection system.
Actin was used as an internal control.
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proteins in a concentration-dependent manner in SVB-treated
A549 cells (Fig. 4A). Furthermore, in order to monitor the enzy-
matic activity of these enzymes during SVB-induced apoptosis,
in vitro caspase activity was measured following treatment
with SVB using specific fluorogenic peptide substrates for each
caspase. As shown in Fig. 4B, activities of these caspases were
significantly increased in a concentration-dependent fashion, as
compared with untreated control cells. Subsequent Western blot
analyses showed progressive proteolytic cleavage of poly(ADP
ribose) polymerase (PARP) and (3-catenin proteins, and accumu-
lation of their cleavage forms, which are substrate proteins of
caspase-3 (34,35) in A549 cells after SVB treatment (Fig. 4A).
The data suggested that activation of caspases is clearly involved
in the SVB-induced apoptotic pathway.

Effects of SVB on levels of the death-receptor pathway and
IAP family proteins. In order to determine whether the extrinsic
apoptotic pathway was involved in SVB-induced apoptosis, we
used Western blot analyses for measurement of expression of
death receptors and corresponding pro-apoptotic ligands. As
shown in Fig. 3, no significant changes of Fas, Fas ligand (FasL),
necrosis factor-related apoptosis-inducing ligand (TRAIL), and
death receptor (DR) 5 protein levels were noted in A549 cells
treated with SVB; however, SVB induced markedly increased
expression levels of DR4 proteins in a concentration-dependent
manner, suggesting that the extrinsic apoptotic pathway is also
engaged in SVB-induced apoptotic cell death. Furthermore,
expression levels in SVB-treated A549 cells were also examined
in order to determine whether SVB induces A549 cell death
through a change in expression of IAP family proteins, which
binds caspases and leads to caspase inactivation for an anti-
apoptotic effect (36). As shown in Fig. 3, all of the IAP family
proteins examined in this study, including X-linked inhibitor
of apoptosis protein (XIAP), cellular inhibitor-of-apoptosis
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Figure 4. Activation of caspases and degradation of PARP and -catenin proteins by SVB treatment in AGS cells. (A) Cells treated with various concentrations of
SVB for 24 were lysed and cellular proteins were separated by SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. Membranes were probed
with anti-caspase-3, -8, and -9, anti-PARP, and anti-3-catenin antibodies. Proteins were visualized using the ECL detection system. Actin was used as an internal
control. (B) Cells grown under the same conditions as (A) were collected and lysed. Aliquots were incubated individually with DEVD-pNA, IETD-pNA, and
LEHD-pNA for caspase-3, -8, and -9 at 37°C for 1 h. Released fluorescent products were measured. Data represent the mean of three independent experiments.
The statistical significance of results was analyzed by a Student's t-test ('p<0.05).
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Figure 5. Inhibition of SVB-induced apoptosis by caspase-3 inhibitor in A549 cells. (A) A549 cells were treated with z-DEVD-fmk (50 #M) for 1 h before challenge
with 5 pg/ml of SVB for 24 h. Cells were stained with DAPI for 10 min and photographed with a fluorescence microscope using a blue filter (magnification x400).
(B) Cell proliferation was determined using the MTT assay after 24 h in the presence of the caspase-3 inhibitor z-DEVD-fmk (50 uM) for 1 h before SVB (5 pg/ml)
treatment. Data are expressed as mean + SD of three independent experiments. (C) Cells grown under the same conditions as (A) were evaluated for sub-G1 DNA
content using a flow cytometer. Data are reported as mean = SD of three independent experiments. The significance was determined by Student's t-test ('p<0.05 vs.

untreated control).

protein (cIAP)-1, and cIAP-2, were concentration-dependently
down-regulated in A549 cells treated with SVB.

Inhibition of SVB-induced apoptosis by caspase-3 inhibitor. To
show that activation of caspase-3 is a key step in the SVB-induced
apoptotic pathway, A549 cells were pretreated with z-DEVD-
fmk (50 uM), a cell-permeable caspase-3 inhibitor, for 1 h,
followed by treatment with 5 ug/ml of SVB for 24 h. Blockade
of caspase-3 activity by pretreatment of cells with z-DEVD-fmk
prevented SVB-induced chromatin condensation, growth inhibi-
tion, and the increase in the sub-Gl1 population (Fig. 5). These
results clearly demonstrated an association of SVB-induced
apoptosis with activation of caspase-3 and that activation of
caspase-3 plays an important role in SVB-induced apoptosis in
A5409 cells.

Inhibition of cell motility and cell invasion by SVB in A549 cells.
A wound healing experiment was performed. In order to deter-
mine whether SVB inhibits the cell motility of A549 cells. The
results, as shown in Fig. 6A, demonstrated that 2 ug/ml of SVB,
which was not cytotoxic, as shown by the MTT assay, resulted
in time-dependent delay of the cell motility of A549 cells, as
compared with control cells. Using a Boyden chamber invasion
assay, we next examined the question of whether or not SVB
decreases the activity of cell invasion. As shown in Fig. 6B, SVB
treatment resulted in reduced cell invasion through the Matrigel
chamber in a concentration-dependent manner, suggesting that
inhibition of cell motility by SVB was associated with inhibition
of cell invasion in A549 cells.

Down-regulated activities and expression of MMPs by SVB
in A549 cells. Cell migration plays an important role in the
process of metastasis, and invasion of the basement membrane
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Figure 6. Inhibition of cell motility and invasion by SVB treatment in A549
cells. (A) Cells were grown to confluency on 30-mm cell culture dishes and
then a scratch was made through the cell layer using a pipette tip. After washing
with PBS, serum-free media (to prevent cell proliferation) containing either
vehicle or 2 yg/ml of SVB was added for 48 h. Photographs of the wounded
area were taken in order to evaluate cell movement into the wounded area.
(B) Cells pretreated with the indicated concentrations of SVB for 6 h were
plated onto the apical side of matrigel coated filters in serum-free medium
containing either vehicle or SVB. Medium containing 20% FBS was placed
in the basolateral chamber to act as a chemoattractant. After 48 h, cells on the
apical side were wiped off using a Q-tip. Next, cells on the bottom of the filter
were stained using hematoxylin and eosin Y, and were then counted. Data are
shown as the mean of triplicate samples and represent invasive cell numbers,
compared with those of control cells. The significance was determined using
a Student's t-test ("p<0.05 versus untreated control).
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Figure 7. Effect of SVB treatment on expression of TIMPs and MMPs, and
activity of MMPs in A549 cells. (A) Cells were treated with the indicated concen-
trations of SVB for 24 h. Total RNAs were isolated and reverse-transcribed. The
resulting cDNAs were then subjected to PCR with TIMP-1, TIMP-2, MMP-2,
and MMP-9 primers and the reaction products were subjected to electrophoresis
in a 1% agarose gel and visualized by EtBr staining. Representative results from
two independent experiments are shown. GAPDH was used as an internal
control. (B) Cells grown under the same conditions as (A) were lysed and cellular
proteins were separated by electrophoresis on SDS-polyacrylamide gels. Western
blotting was then performed using anti-MMP-2 and anti-MMP-9 antibodies, and
an ECL detection system. Actin was used as an internal control. (C) Following
incubation with the indicated concentrations of SVB for 24 h, medium was
collected, and the activities of MMP-2 and MMP-9 were measured by zymo-

graphy.

is primarily mediated by gelatinase MMPs (10,11); therefore, we
tested the effects of SVB on TIMP and MMP mRNA levels
by RT-PCR. As shown in Fig. 7A, SVB treatment resulted in
slightly increased TIMP-1 and -2 mRNA levels; however,
MMP-2 and -9 levels were decreased in a concentration-depen-
dent manner. We next investigated the effects of SVB on protein
levels and activities of MMPs using Western blot analysis and
gelatin zymography. Data indicated that activities of MMP-2 and
-9 in A549 cells were decreased by SVB treatment, which was
connected with a concurrent down-regulation of their mRNA
and protein levels and up-regulation of the levels of TIMP-1
and -2 (Fig. 7B and C). These results suggest an association of
the anti-invasive effect of SVB with increased TIMP-1 and -2
levels, as well as inhibition of MMP-2 and -9 mRNA, protein
expression, and activity in A549 cells.
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Discussion

Recent studies have reported that the extracts of Chan Su or its
components can cause cell cycle arrest and apoptosis in various
human cancer cell lines, which suggests that their growth inhibi-
tory effect occurred through blockade of the G1/S or G2/M phase,
and that these cancer cells do not enter cell cycle progression
and die through apoptosis (24-30,37-40). However, the mecha-
nisms responsible for the apoptotic and anti-invasive effects of
the whole skin of V. bufonis (SVB) have yet to be determined.
Therefore, the aim of this study was to determine the capacity
of SVB to induce apoptosis and inhibit invasion, and to identify
the biochemical mechanisms in the NSCLC A549 cell line. Our
present results demonstrated that SVB significantly inhibits
A549 cell growth by induction of apoptotic cell death through
modulation of several apoptosis related proteins and activation
of caspase. In addition, SVB exhibited anti-invasive activity of
A549 cells through inhibition of MMPs activity.

Apoptosis can be triggered by various stimuli, including
death receptor-mediated signaling (the death receptor/extrinsic
pathway) and intracellular stress (the mitochondrial/intrinsic
pathway). In addition to the energy source, mitochondria are
known as major regulators of extrinsic as well as intrinsic
apoptosis pathways, and they undergo a series of consequential
changes during apoptosis. Mitochondrial function is controlled
by several factors, such as the Bcl-2 and IAP family proteins,
and activity of caspases (1,2,6). Members of the Bcl-2 family
are significantly involved in regulation of apoptosis, either as
an activator (e.g., Bax, and Bad) or as an inhibitor (e.g., Bcl-2,
and Bcl-xL); therefore, it has been suggested that the Bax/
Bcl-2 ratio is a key factor in regulation of the apoptotic process
(41,42). Members of the IAP family function through binding
to and inhibition of several caspases (43,44). Activation of the
intrinsic/mitochondrial apoptosis pathway leads to disruption of
MMP (4%,,) and release of apoptogenic proteins, such as cyto-
chrome ¢, which removes IAP blockage of caspase activation
(45,46). The present data showed that SVB-induced apoptosis
was related to down-regulation of pro-apoptotic Bcl-2 and
Bcl-xL proteins without alteration of pro-apoptotic Bax and Bad
expression (Fig. 3). Furthermore, exposure of A549 cells to SVB
resulted in a loss of MMP (4%, (Fig. 2) and down-regulation
of IAP family proteins, including XIAP, cIAP-1 and cIAP-2
(Fig. 3). The data suggest that SVB induced an increase in the
Bax (or Bad)/Bcl-2 (or Bcl-xL) ratio and induced mitochondrial
dysfunction, leading to apoptosis in A549 cells.

Cell surface death ligand/receptor systems, such as Fas/
FasL and TRAIL/DRs, are key signaling transduction pathways
of the extrinsic pathway of apoptosis in cells. Binding FasL to
Fas receptors and/or TRAIL to DRs leads to receptor oligomer-
ization and formation of the death-inducing signaling complex,
followed by activation of caspase-8, and then cleavage of Bid
(tBid). tBid can translocate to mitochondria and bind to Bax,
leading to a conformational change of Bax and to activation
of caspase-9, and concomitant activation of caspase-3 (45.47).
Thus, caspase-3 is the most important executioner of apoptosis.
Significant evidence has indicated that caspase-3 is either
partially or totally responsible for proteolytic cleavage of many
key proteins, including PARP and p-catenin, which are marker
proteins for apoptosis (34,35). Thus, the levels of death receptor-
related proteins, the catalytic activity of caspases, and the levels
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of Bid were next examined in order to further gain mechanical
insights into SVB-induced apoptosis of A549 cells. The data
demonstrated that SVB induced an increase in the levels of
DR4, the enzymatic activity of extrinsic and intrinsic caspase
cascades, such as caspase-8 and -9, and decreased the levels of
total Bid expression (Figs. 3 and 4). In addition, SVB-induced
apoptosis was associated with increased activities of caspase-3
in a concentration-dependent fashion and a concomitant
degradation of PARP and fB-catenin, and cleavage fragments
of both proteins showed a gradual increase in SVB-treated
A549 cells (Fig. 4). However, under the same conditions, a
specific caspase-3 inhibitor, z-DEVD-fmk, was able to prevent
SVB-induced apoptosis (Fig. 5) showing that activation of
caspase-3 contributed to SVB-induced apoptosis. Thus, the
results of this study demonstrate that SVB triggers apoptosis of
A549 cells through activation of the intrinsic caspase pathway
along with the death receptor-mediated extrinsic pathway.

Metastasis is the process of spread of cancer cells to tissues
and organs beyond where the tumor originated and formation
of new tumors. The process ultimately leads to outgrowth in
a different organ from which it had originated (5,7,8). Cancer
cell invasion and migration are critical steps during metastasis;
therefore, their inhibition is an important mechanism for anti-
cancer drugs. Endopeptidase MMPs play important roles in
cancer invasion and metastasis; therefore, tumor metastasis can
be inhibited by blockade of MMP synthesis and activity (14 48).
Many researchers have reported that the anti-metastatic actions
of natural products, including phytochemical agents, were asso-
ciated with a reduction in MMP-2 and MMP-9 activity (49-53).
MMP activity is tightly controlled by transcriptional activation,
by a complex proteolytic activation cascade, and by an endo-
genous system of TIMPs. TIMPs inhibit MMPs by formation
of 1:1 stoichiometric complexes for regulation of matrix turn-
over (15,16). Treatment with <2 pg/ml of SVB, which was
not cytotoxic, resulted in markedly inhibited cell motility and
invasive activity in AGS cells (Fig. 6); therefore, the question
of whether or not the inhibitory effects of SVB were associated
with modulation of TIMP and MMP expression or their acti-
vities was investigated. Our results indicated that SVB induced
marked inhibition of MMP-2 and MMP-9 mRNA and protein
levels, as well as their enzymatic activities in a concentration-
dependent manner (Fig. 7). However, the transcriptional levels
of both TIMP-1 and TIMP-2 showed concentration-dependent
up-regulation in response to SVB treatment, demonstrating that
SVB-induced inhibition of cell motility and invasion is related
to down-regulation of MMP-2 and MMP-9 activities through
elevation of TIMP expression. Therefore, the results suggested
that SVB may induce an increase in the TIMPs/MMPs ratio as
a key factor in regulation of the anti-invasive process, which
subsequently blocks degradation of ECM and leads to inhibited
cell invasion.

In conclusion, the present results indicate that SVB induces
significant suppression of proliferation of A549 cells by induction
of apoptosis through activation of the mitochondrial mediated-
intrinsic caspase pathway along with the death receptor-mediated
extrinsic pathway. The present data also revealed that SVB has
an anti-invasive property, which is accompanied by repression of
MMPs activities while concurrently inducing TIMPs expression.
Although it is still unclear whether SVB can induce apoptosis
and inhibit metastasis through other pathways, the results provide

INTERNATIONAL JOURNAL OF ONCOLOGY 40: 1210-1219, 2012

new information on possible mechanisms for the anti-cancer
activity of SVB; Chan Su is a promising candidate for cancer
chemoprevention and/or chemotherapy as well as decreasing the
risk of development of cancer.
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