
B
N

H
K
a

b

c

d

a

A
R
R
A
A

K
B
P
P
N
M
M

1

p
c
w
t
e
e

S
o

0
d

Journal of Ethnopharmacology 127 (2010) 662–668

Contents lists available at ScienceDirect

Journal of Ethnopharmacology

journa l homepage: www.e lsev ier .com/ locate / je thpharm

ee venom suppresses PMA-mediated MMP-9 gene activation via JNK/p38 and
F-�B-dependent mechanisms

yun-Ji Choa,b, Yun-Jeong Jeonga, Kwan-Kyu Parka, Yoon-Yub Parka, Il-Kyung Chungc,
wang-Gill Leed, Joo-Hong Yeod, Sang-Mi Hand, Young-Seuk Baeb,∗, Young-Chae Changa,∗∗

Research Institute of Biomedical Engineering and Department of Medicine, Catholic University of Daegu School of Medicine, Daegu 705-718, Republic of Korea
Department of Biochemistry, College of Natural Sciences, Kyungpook National University, 1370 Sankyuk-Dong, Puk-gu, Daegu 702-701, Republic of Korea
Department of Biotechnology, Catholic University of Daegu, Gyeongsan 712-702, Republic of Korea
Department of Agricultural Biology, National Institute of Agricultural Science and Technology, Suwon, Kyunggi-Do 441-100, Republic of Korea

r t i c l e i n f o

rticle history:
eceived 12 October 2009
eceived in revised form 1 December 2009
ccepted 1 December 2009
vailable online 5 December 2009

eywords:
ee venom
hospho-p38
hospho-JNK
F-�B
MP-9
CF-7 cells

a b s t r a c t

Ethnopharmacological relevance: Bee venom has been used for the treatment of inflammatory diseases
such as rheumatoid arthritis and for the relief of pain in traditional oriental medicine.
Aim of the study: The purpose of this study is to elucidate the effects of bee venom on MMP-9 expression
and determine possible mechanisms by which bee venom relieves or prevents the expression of MMP-9
during invasion and metastasis of breast cancer cells. We examined the expression and activity of MMP-9
and possible signaling pathway affected in PMA-induced MCF-7 cells.
Material and methods: Bee venom was obtained from the National Institute of Agricultural Science and
Technology of Korea. Matrigel invasion assay, wound-healing assay, zymography assay, western blot
assay, electrophoretic mobility shift assay and luciferase gene assay were used for assessment.
Results: Bee venom inhibited cell invasion and migration, and also suppressed MMP-9 activity and expres-
sion, processes related to tumor invasion and metastasis, in PMA-induced MCF-7 cells. Bee venom
specifically suppressed the phosphorylation of p38/JNK and at the same time, suppressed the protein
expression, DNA binding and promoter activity of NF-�B. The levels of phosphorylated ERK1/2 and c-Jun
did not change. We also investigated MMP-9 inhibition by melittin, apamin and PLA2, representative
single component of bee venom. We confirmed that PMA-induced MMP-9 activity was significantly

decreased by melittin, but not by apamin and phospholipase A2. These data demonstrated that the
expression of MMP-9 was abolished by melittin, the main component of bee venom.
Conclusion: Bee venom inhibits PMA-induced MMP-9 expression and activity by inhibition of NF-�B via
p38 MAPK and JNK signaling pathways in MCF-7 cells. These results indicate that bee venom can be a

and a
rties o
potential anti-metastatic
on the anti-cancer prope

. Introduction

The invasion and metastasis of cancer cells are known to be the
rimary causes of cancer progression (Weng et al., 2008). These are
omplicated processes involving a group of proteolytic enzymes,

hich participate in the degradation of tissue barriers such as

he extracellular matrix (ECM) and basement membrane (Kato
t al., 2002; Liotta et al., 1991). Among the group of proteolytic
nzymes, matrix metalloproteinases (MMPs) play an important
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∗∗ Corresponding author at: Department of Pathology, Catholic University of Daegu
chool of Medicine, 3056-6 Daemyung-4-Dong, Nam-gu, Daegu 705-718, Republic
f Korea. Tel.: +82 53 650 4848; fax: +82 53 650 4849.
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378-8741/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
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nti-invasive agent. This useful effect may lead to future clinical research
f bee venom.

© 2009 Elsevier Ireland Ltd. All rights reserved.

role in tissue repair, angiogenesis, apoptosis, tumor invasion, and
metastasis (Rahman et al., 2006; Sternlicht and Werb, 2001).
MMPs, which belong to a large family of 24 highly homologous,
zinc-dependent, ECM-degrading proteases, can be divided into col-
lagenase, stromelysins, matrilysins and gelatinases (Hong et al.,
2005b). One of the members of MMP family, the type IV collage-
nase (MMP-9) is critical for cell migration and can lead to invasion
and metastasis of cancers (Nabeshima et al., 2002). The increase
in activity and expression of MMP-9 has been frequently observed
in many human cancers with invasive and metastatic capability
(Basset et al., 1997; Johnsen et al., 1998). In clinically invasive

breast cancer, augmented protein levels and activity of MMP-9
was associated with shortened patient survival and unfavorable
prognosis (Rouyer et al., 1994). Also, previous studies have shown
that MMP-9 induces inhibition of apoptosis in medulloblastoma
cells (Bhoopathi et al., 2008). MMP-9 has been shown to be highly

http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:ysbae@knu.ac.kr
mailto:ycchang@cu.ac.kr
dx.doi.org/10.1016/j.jep.2009.12.007
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xpressed and strongly correlated with the malignant phenotype
n various cancers. The expression of MMP-9 is adjusted by various
hysical stimulators, growth factors (fibroblast growth factor-2;
GF-2, epidermal growth factor; EGF and hepatocyte growth factor;
GF) and cytokines (tumor necrosis factor-alpha; TNF-�) (Gum et
l., 1997; Hozumi et al., 2001; Weng et al., 2008; Zeigler et al., 1999),
r chemical, phorbol-12-myristate-13-acetate (PMA) (Cho et al.,
007). Among these stimulators, PMA can act as a tumor promoter
hat induces MMP-9 expression in certain cancer cells (Cho et al.,
007). The expression of growth factor or cytokines-induced MMP-
is modulated by the activation of various transcription factors

uch as activator protein-1 (AP-1) (Gum et al., 1997) and nuclear
actor-kappaB (NF-�B) (Eberhardt et al., 2000; Hong et al., 2005a;
ee et al., 2008) through Ras/Raf/MEK/ERK (Cho et al., 2007), c-Jun
-terminal kinase (JNK), phosphoinositide-3 kinase (PI3K)/protein
inase B (PKB) (Sato et al., 2002) and p38 MAPK signaling pathway
Lee et al., 2008).

Bee venom has been used for the treatment of inflammatory
iseases such as rheumatoid arthritis and for the relief of pain in ori-
ntal medicine (Kwon et al., 2001a,b). Bee venom consists of many
iologically active enzymes, peptides and biogenic amines, such
s melittin (the major active ingredient of bee venom), apamin,
dolapin and mast cell-degranulating peptide (Park et al., 2004; Tu
t al., 2008). Bee venom was reported to cause growth arrest or
xhibited cytotoxic effects in hepatocellular carcinoma cells (Chu
t al., 2007; Li et al., 2006). Also, proliferation of melanoma cells,
ctivity of apoptotic enzyme (bcl-2 and caspase-3) in leukemic cells
nd ERK and Akt signaling pathway of renal cancer cells were all
egulated and/or suppressed by bee venom (Moon et al., 2006; Son
t al., 2007; Liu et al., 2002; Jang et al., 2003). Recent studies have
eported that bee venom-induced apoptosis in breast cancer cell
ine and lung cancer cell line (Son et al., 2007). The promotion of
poptotic cell death through several cancer cell death mechanisms,
ncluding the activation of caspases and MMP-9, is essential for
he bee venom and melittin-induced anti-cancer effects (Holle et
l., 2003; Moon et al., 2006; Rahman et al., 2006; Bhoopathi et al.,
008). However, regulation of underlying mechanisms of MMP-9,
ain factor to apoptosis, invasion and metastasis of cancer cells, by

ee venom are largely unknown. Also, the molecular mechanisms
y which bee venom acts on the expression of MMP-9 and its effect
pon the invasiveness of breast cancer cells, MCF-7, which have
ighly invasive, are still undefined.

In this study, PMA-induced MCF-7 cells were used to study the
ffects of bee venom on MMP-9 expression and to determine possi-
le mechanisms on how bee venom relieves or prevents expression
f MMP-9 in breast cancer cells. We showed that expression of
MA-induced MMP-9 suppresses by bee venom.

. Materials and methods

.1. Cells culture and bee venom

Human MCF-7 cells were obtained from the American type cul-
ure collection (Rockville, MD). The culture medium used in the
xperiments was Dulbecco’s modified Eagle’s medium-low glu-
ose (Gibco-BRL, Gran Island, NY, USA), containing 10% fetal bovine
erum (Gibco) and 1% antibiotics (Gibco). Bee venom was obtained
rom the National Institute of Agricultural Science and Technology
NIAST), Suwon, Korea.
.2. Cytotoxicity assay

The cells were grown to 70% confluence and treated with
ee venom for 24 h, and the cell viability was determined by
TT assay. 3[4,5-dimethylthiazol2-yl]-2.5-diphenyltetra-zolium
acology 127 (2010) 662–668 663

bromide (MTT) (Roche Applied Science, Indianapolis, IN, USA) was
added 4 h prior to the termination of the culture. The amount of
formazan deposits was quantified according to the supplier’s pro-
tocol.

2.3. Matrigel invasion assay

Cell invasion assay were carried out as previously reported
(Chung et al., 2004) with some modifications, and 5 × 105 cells
per chamber were seeded in each invasion assay. The upper insert
of a transwell (Corning Costar, Cambridge, MA) was coated with
30 �l of a 1:2 mixture of matrigel:PBS. The cells were plated on
the matrigel-coated upper chamber, and the media of presence
or absence of drugs added to the upper chamber of the transwell
insert. The lower chamber was filled culture medium. Cells in the
chamber were incubated for 24 h at 37 ◦C and cells that had invaded
the lower surface of the membrane were fixed with methanol and
stained with hematoxylin and eosin. Random fields were counted
by light microscopy.

2.4. Wound-healing assay

Wound-healing assay was performed using the procedure
described by Lin et al. (2008) with minor modification. The MCF-
7 cells were seeded in 6-well plate and incubated until they
reached 80% confluence. The monolayer cells were scratched with
a 200 �l pipette tip to create a wound, and cells were washed twice
with serum-free culture media to remove floating cells and then
replaced with fresh medium without serum. Cells were subjected
to the indicated treatment for 24 h, and cells migrating from the
leading edge were photographed at 0 and 24 h.

2.5. Zymography assay

The resultant supernatant was subjected to SDS-PAGE con-
taining 10% polyacrylamide and 1 mg/ml of gelatin. After
electrophoresis, run at 4 ◦C, the gels were washed several times
with 2.5% Triton X-100 for 30 min at room temperature and incu-
bated overnight at 37 ◦C in buffer containing 5 mM CaCl2 and 1 M
ZnCl2. The gels were stained with coomassie brilliant blue R-250
(0.1% coomassie brilliant blue R-250, 45.5% methanol, 9% acetic
acid) (Bio-Rad Laboratories, Inc., Hercules, CA, USA) for 30 min,
and then destained for 1 h in a solution of 10% acetic acid and 10%
methanol.

2.6. Western blot analysis

Cell total lysates prepared in lysis buffer (50 mM Tris, 150 mM
NaCl, 5 mM EDTA, 1 mM DTT, 0.5% nonidet P-40, 100 ml phenyl-
methylsulfonyl fluoride, 20 mM aprotinin, and 20 mM leupeptin,
adjusted to pH 8.0) at 4 ◦C for 30 min, followed by centrifuga-
tion at 13,000 rpm for 5 min. Cytosol/nucleo extraction, cultured
cells were collected by centrifugation, washed, and suspended
in buffer A [10 mM Hepes (pH 7.9), 10 mM KCl, 0.1 mM EDTA,
0.1 mM EGTA, 1 mM DTT, and 0.5 mM phenylmethylsulfonyl flu-
oride]. After 15 min on ice, the cells were vortexed in the presence
of 0.5% nonidet P-40. The nuclear pellet was then collected by
centrifugation and extracted with buffer B [20 mM Hepes (pH
7.9), 0.4 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, and 1 mM
phenylmethylsulfonyl fluoride] for 15 min at 4 ◦C. After cytosolic
extraction, the membrane proteins in the pellet were extracted

with buffer C [20 mM Tris–HCl (pH 7.5), 1% nonidet P-40, 150 mM
NaCl, 1 mM EGTA, 1 mM EDTA, and 1 mM phenylmethylsulfonyl
fluoride] for 30 min on ice and centrifuged. The supernatant was
saved as a detergent-soluble membrane fraction. The cell extract
was subjected on SDS-PAGE, electrotransferred to immobilon-P
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dose-dependent manner (Fig. 1A), and it showed significant cyto-
toxicity towards MCF-7 cells. Based on these results, non-cytotoxic
concentrations of bee venom, ranging from 1 to 3 �g/ml, were used
for further examination. Transwell and wound-healing assays were
performed to investigate the effect of bee venom on invasion and
64 H.-J. Cho et al. / Journal of Ethn

embranes (Millipore, Cork, Ireland). Western blotting was car-
ied out as described before (Cho et al., 2007; Hong et al., 2005b).
etection of specific proteins was carried out by enhanced chemi-

uminescence (Amersham Pharmacia Biotech, Piscataway, NJ, USA),
ollowing to the manufacturer’s instruction. The phospho-JNK,
otal-JNK, phospho-p38, total-p38, phospho-ERK1/2 and total-
RK1/2 antibodies were purchased from Santa Cruz Biotechnology
Santa Cruz Biotechnology Inc., CA, USA). NF-�B and c-jun antibod-
es were purchased from Cell Signaling Technology (Cell Signaling
echnology Inc., Beverly, USA).

.7. RT-PCR

Total cellular RNA was extracted using TRIzol (Invitro-
en Co, Grand Island, NY, USA) according to manufacturer’s
escription. The quantity and purity of the isolated RNA
ere measured at OD260 and OD280. Total RNA was reverse-

ranscribed into cDNA by oligo(dT) priming using moloney
urine leukaemia virus reverse transcriptase (all purchased from

romega, Madison, WI, USA). cDNA was amplified by PCR using
rimer for MMP-9; forward 5′-CGGAGCACGGAGACGGGTAT-3′,
everse 5′-TGAAGGGGAAGACGCACAGC-3′, TIMP-1; forward 5′-
TGTTGTTGCTGTGGCTGATA-3′, reverse 5′-CCGTCCACAAGCA-
TGAGT-3′, TIMP-2; forward 5′-GTAGTGATCAGGGCCAAAG-3′,
everse 5′-TTCTCTGTGACCCAGTCCAT-3′ and �-actin, for-
ard 5′-GCCATCGTCACCAACTGGGAC-3′, reverse 5′-CGA-

TTCCCGCTCGGCCGTGG-3′. PCR products were analyzed by
garose gel electrophoresis and visualized by treatment with
thidium bromide.

.8. Electrophoretic mobility shift assay

Cultured cells were collected by centrifugation, washed and sus-
ended in buffer A [10 mM Hepes (pH 7.9), 10 mM KCl, 0.1 mM
DTA, 0.1 mM EGTA, 1 mM DTT and 0.5 mM PMSF]. After 15 min on
ce, the cells were vortexed in the presence of 0.5% nonidet P-40. The
uclear pellet was then collected by centrifugation and extracted
ith buffer B [20 mM Hepes (pH 7.9), 0.4 M NaCl, 1 mM EDTA, 1 mM

GTA, 1 mM DTT and 1 mM PMSF] for 15 min at 4 ◦C. The nuclear
xtracts (10 �g) were incubated at 4 ◦C for 30 min in 25 mM Hepes
uffer (pH 7.9), 0.5 mM EDTA, 0.5 mM DTT, 0.05 M NaCl and 2.5%
lycerol with 1 �g of poly dI/dC and 5 pmol of a probe end-labeled
ith 32P-ATP, and resolved by electrophoresis at 4 ◦C in 6% poly-

crylamide gels using a TBE running buffer. Probes included 25 mer
ligonucleotides encompassing the consensus sequences for AP-1
nd NF-�B. Gels were rinsed with water, dried and exposed to X-ray
lm overnight.

.9. Plasmid transfection and luciferase gene assays

pGL2-MMP-9-WT, pGL2-MMP-9-mAP-1-2 and pGL2-MMP-9-
NF-�B were used in transient transfection assays. Cells were

lated onto 6-well dishes at a density of 1 × 104 cells/ml and
llowed to grow overnight. The cells were cotransfected with var-
ous plasmid constructs and the pCMA-�-galactosidase plasmid

or 12 h with DNA transfection reagent (TransIT-LT1 transfection
eagent, Mirus, Madison, WI, USA) according to the manufacturer’s
nstructions. After 12 h incubation in fresh medium, the enzyme
ctivities of luciferase and �-galactosidase were determined
sing commercial kits (Promega), according to the manufac-
urer’s protocol. Luciferase activity was calculated as luciferase
ctivity normalized with �-galactosidase activity in each cell
ysate.
macology 127 (2010) 662–668

2.10. Statistical analysis

All in vitro results are representative of at least three inde-
pendent experiments performed in triplicate; p < 0.05, statistically
significant between experimental and control values. Signifi-
cance of difference between experimental and control values was
calculated using analysis of variance with Newman–Keuls multi-
comparison test.

3. Results

3.1. Bee venom inhibits cell invasion and migration of MCF-7 cells

Because bee venom is poisonous in tissues and to both normal
and cancerous cells (Lee et al., 2007; Tu et al., 2008), we first eval-
uated the effect of bee venom on the viability of MCF-7 cells by
MTT assay. Bee venom decreased cell viability from 0 to 80% in a
Fig. 1. Bee venom prevents the invasion and migration of MCF-7 cells in vitro. (A)
MCF-7 cells were treated with bee venom for 24 h in serum-free medium and cell
viability was determined by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-zolium
bromide assay. (B) MCF-7 cells and bee venom 3 �g/ml were cultured in the upper
parts of transwells coated with matrigel. After 24 h, cells on the bottom side of the
filter were counted. (C) MCF-7 cells were scratched with a pipette tip and were then
treated with bee venom followed by PMA (50 nM) for 24 h. Migrating cells were
photographed under phase contrast microscopy. The values are mean ± S.E. of three
independent experiments at *p < 0.05 vs. control and *p < 0.05 vs. PMA.
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Fig. 2. Inhibitory effects of bee venom on PMA-induced MMP-9 expression. (A) MCF-
7 cells were incubated with bee venom and/or PMA (50 nM) for 24 h in serum-free
media. MMP-9 activity in the medium was analyzed by zymography assay. MMP-9
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Fig. 3. Bee venom specifically inhibits the activation of p38/JNK and NF-�B. (A) After
24 h of starvation in serum-free media, MCF-7 cells were incubated with bee venom
for 1 h, and were treated with 50 nM PMA for 10 min. After the treatment 10 min, the
cells were collected, and the level of phospho-JNK, p38 and ERK1/2 was determined
by western blotting with phospho-specific antibodies. (B) After 24 h of starvation
in serum-free media, MCF-7 cells were incubated with bee venom for 1 h, and were
xpression in the cells was analyzed by western blot assay. (B) MCF-7 cells were
ncubated with bee venom and/or PMA (50 nM) for 12 h in serum-free media. The

RNA expression of MMP-9, TIMP-1 and TIMP-2 in the cells was analyzed by RT-PCR.
he �-actin expression was included as an internal control.

igration of MCF-7 cells. The invasion (Fig. 1B) and wound-healing
ssays (Fig. 1C) showed that invasion and migration of MCF-7 cells
ere increased by PMA when compared with PMA-untreated con-

rol cells. Bee venom at 3 �g/ml almost abrogated PMA-induced
CF-7 cells invasion and migration. These results suggest that bee

enom has anti-tumor effects through the suppression of PMA-
romoted cell invasion and migration.

.2. Bee venom suppresses PMA-induced MMP-9 activity and
xpression

MMP-9 was shown to be highly expressed and strongly cor-
elated with various cancers including breast cancer. The effects
f bee venom on the PMA-promoted MMP-9 activity and expres-
ion were examined by zymography assay and western blot. Both
he secretion of MMP-9 in the conditioned medium of MCF-7 cells
nd gene expression of MMP-9 were significantly induced by PMA
t 50 nM (Fig. 2A upper and middle panels, and 2B upper panel),
hereas with bee venom treatment, the level of MMP-9 decreased

n a dose-dependent manner (Fig. 2A and B). Since MMP-9’s activ-
ty and expression is tightly regulated by its endogenous inhibitors,
issue inhibitor of metalloproteinases (TIMPs) (Hong et al., 2005b;
ee et al., 2008), we further examined the transcription level of
IMP-1 and -2 by RT-PCR. Bee venom had no effect on the expres-
ion levels of TIMP-1 and -2 (Fig. 2B). These data clearly showed
hat bee venom prevented enzyme activity and gene expression of
MA-induced-MMP-9 in MCF-7 cells.

.3. Bee venom inhibits PMA-induced activation of MAP kinase
athway
Mitogen-activated protein kinases (MAPKs) are the most impor-
ant signaling molecules involved in regulating the synthesis and
elease of MMP-9 by various PMA-induced cell lines (Cho et al.,
007). Therefore, it is possible that bee venom may inhibit PMA-
treated with 50 nM PMA in the presence or absence of bee venom for 1 h. After
incubation for 1 h, the cells were collected, and the expression of NF-�B subunit,
p65 and c-Jun was analyzed with western blotting. �-actin was used as an internal
control.

promoted MMP-9 expression by down-regulation of the MAPK
signaling pathway. To evaluate the effects of bee venom on these
signaling cascades, we used antibodies against the phosphory-
lated forms of the three MAPKs including JNK, p38 and ERK1/2.
Bee venom specifically suppressed phosphorylation of p38 and
JNK, whereas the level of phosphorylated ERK1/2 was increased
(Fig. 3A). Also, as shown in Fig. 3B, the expression of p65, NF-�B
subunit, was dramatically suppressed after bee venom treatment
while c-Jun expression did not change (Fig. 3B). These results indi-
cate that the main targets of bee venom for its inhibitory effects on
the activity and expression of MMP-9 are p38/JNK and NF-�B.

3.4. Bee venom specifically suppresses NF-�B activity

The MMP-9 promoter contains two transcriptional elements,
which are the binding sites of AP-1 and NF-�B. To evaluate the
activation of NF-�B and AP-1 in PMA-promoted MMP-9 expres-
sion, we investigated the change in DNA-binding activity of NF-�B
and AP-1 caused by bee venom. As shown in Fig. 4A, DNA-
binding activity of AP-1 and NF-�B significantly increased with

PMA induction, and the NF-�B activity induced by PMA dramati-
cally decreased when cells were treated with bee venom. However,
DNA-binding activity of AP-1 did not change with bee venom
treatment (Fig. 4A). To confirm the results of the EMSA analysis,
reporter gene assay was performed in parallel, using reporter vec-
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Fig. 4. Bee venom specifically suppressed NF-�B activity induced by PMA. (A) After 24 h of starvation in serum-free media, MCF-7 cells were incubated with bee venom for
1 h, and were treated with 50 nM PMA for 1 h. After the treatment for 1 h, the cells were collected, and nuclear extract prepared from control or MCF-7 cells treated with
5 ng AP-1 and NF-�B motif of the MMP-9 promoter. Bound complexes were analyzed by
e f pGL2-MM P-9-WT (2 bp changes). MCF-7 cells were transfected with pGL2-MMP-9-WT,
p lls were cultured with bee venom and/or PMA for 24 h, and the relative luciferase activity
i experiments at *p < 0.05 vs. control.
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Fig. 5. Inhibition of MMP-9 activity by a single bee venom component, melit-
tin. MCF-7 cells were incubated with individual bee venom component, melittin,
0 nM PMA and bee venom was mixed with radioactive oligonucleotides containi
lectrophoresis. (B) Mutations were introduced in the NF-�B or AP-1 binding sites o
GL2-MMP-9-mNF-�B, pGL2-MMP-9-mAP-1-2 reporter plasmids for 24 h. MCF-7 ce

n the cell extract was determined. The values are mean ± S.E. of three independent

or that included the tandem repeat of the AP-1 or NF-�B binding
ites. When MCF-7 cells were transiently transfected with the wt-
MP-9, MMP-9-mAP-1-2 or MMP-9-mNF-�B promoter reporter

ene constructs, the cells that received wt-MMP-9 and MMP-9-
AP-1-2 still showed abrogated PMA-induced MMP-9 activity with

ee venom treatment (Fig. 4B). In contrast to the wt-MMP-9 and
MP-9-mAP-1-2, transfection of MCF-7 cells with MMP-9-mNF-

B promoter, which has a mutated NF-�B binding site, neutralized
ee venom’s ability to abolish the PMA-induced MMP-9 activation
Fig. 4B). Therefore, it was likely that bee venom inhibited MMP-9
xpression by decreasing MMP-9 gene promoter binding activity
f NF-�B transcription factor. These results confirmed that expres-
ion of the NF-�B subunit, p65, was decreased by the bee venom
Fig. 3B).

.5. Melittin suppresses PMA-induced MMP-9 activity and
xpression

Bee venom suppressed PMA-mediated MMP-9 gene activa-
ion via JNK, p38 MAPK and NF-�B-dependent mechanisms
Figs. 3 and 4). Because bee venom is composed of many chemi-
al agents, we investigated MMP-9 inhibition activity of melittin,
pamin and PLA2, representative single compound of bee venom,
y zymography assay. As shown in Fig. 5, PMA-induced MMP-9
ctivity was significantly decreased by melittin, but not apamin

nd phospholipase A2 (PLA2). Consequently, we suggest that melit-
in is the main bee venom component that inhibits MMP-9 activity.
hese data demonstrated that the expression of MMP-9 was abol-
shed because of melittin, which is the main component of bee
enom.

apamin, PLA2, and/or PMA (50 nM) for 24 h in serum-free media. MMP-9 activity in
the medium was analyzed by zymography assay.
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. Discussion

Bee venom has been used for the treatment of inflammatory
iseases such as rheumatoid arthritis and for the relief of pain

n oriental medicine (Jang et al., 2003). It is composed of various
eptide and non-peptide components with the peptides com-
osed mainly of apamin, melittin and PLA2 (Jang et al., 2005). The
on-peptide components consist of histamine, dopamine and nora-
renalin (Lee et al., 2001). In this study, we examined whether
ee venom can regulate MMP-9 activity and expression, which
re related to tumor invasion and metastasis, in PMA-induced
CF-7 cells. MMP-9 specifically degrades type IV collagen, the
ain component of the ECM, and appears to play a crucial role

n tumor invasion and metastasis (Itoh et al., 1998; Johnsen et
l., 1998; Hong et al., 2005a). We found that bee venom directly
nhibits the invasive and migratory ability of MCF-7 cells via the
uppression of MMP-9 expression without abolishing the expres-
ion of TIMP-1 and -2 (Figs. 1 and 2). Bee venom effectively
uppressed PMA-induced MMP-9 gene expression through the sup-
ression of p38/JNK and NF-�B expression resulting in decreased

nvasion and migration of MCF-7 cells (Fig. 3). However, bee
enom leaded to an increase in phosphorylation of ERK1/2 (Fig. 3).
APKs, including ERK, JNK and p38, has been implicated in the

ontrol of several diverse biological processes, such as cell pro-
iferation, differentiation and apoptosis, and has complementary
ooperation on cell survival (Stone and Chambers, 2000; Takada
t al., 2004). In this study, activation of ERK1/2 might protect
or only cell survival (Tu et al., 2008), while bee venom arrested
MA-induced cell growth and invasion by suppression of MMP-
expression via inhibition of phosphorylation of p38 MAPK and

NK.
PMA controls the expression of MMP-9 by modulating the

ctivity of various transcription factors such as AP-1 and NF-
B through Ras/Raf/ERK, P38 MAPK, JNK and PI3K/PKB signaling
athways (Cho et al., 2007; Chung et al., 2004; Hong et al.,
005b). It has been demonstrated that PMA-induced MMP-9 is
egulated through the ERK1/2 and AP-1 signaling pathway in
aki-1, human renal carcinoma cells and U2OS, human osteosar-
oma cells (Cho et al., 2007; Hong et al., 2005b). In this paper,
ee venom dramatically reduced the PMA-induced phospho-p38,
hospho-JNK expression and DNA binding activity of NF-�B in
dose-dependent manner, whereas it did not affect the PMA-

nduced binding activity of AP-1 (Fig. 4). The results reconfirmed
hat treatment of cells with a dose-dependent manner of bee
enom do not decrease PMA-promoted luciferase activity of
GL2-MMP-9-mNF-�B. These data clearly show that bee venom
egulates the transcriptional activation of MMP-9 through the
pecific inhibition of PMA-induced p38/JNK and NF-�B activi-
ies.

The various components of bee venom have been previ-
usly described and is mostly composed of apamin (Son et
l., 2007), melittin, PLA2 (Jang et al., 2005), adolapin and
ast cell-degranulating peptide (MCCP) with melittin being the
ajor component (Son et al., 2007). We analyzed inhibitory

ffects of three individual bee venom component, melittin,
pamin and PLA2, on MMP-9. The enzyme activity of MMP-

was suppressed by melittin but not by apamin and PLA2.
hese results suggest that the specific inhibition of MMP-9 was
egulated by a single component of the bee venom, which
s melittin. In conclusion, bee venom inhibits PMA-induced

MP-9 expression and activity by inactivation of NF-�B via

38 MAPK and JNK signaling pathway in MCF-7 cells. These
esults indicate that bee venom is a potential anti-metastatic
nd anti-invasive agent and this useful effect may expand
uture clinical research on the anti-cancer properties of bee
enom.
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