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Kalopanaxsaponin A Inhibits the Invasion of MDA-MB-231
Human Metastatic Breast Cancer Cells

Young Sun Hwang', Kwang-Kyun Park'?, Hee-Juhn Park® and Won-Yoon Chung'?

'Oral Cancer Research Institute, “Department of Oral Biology and Brain Korea 21 Project, Yonsei University College of
Dentistry, Seoul 120-752, *Department of Botanical Resources, Sangji University, Wonju 220-702, Korea

Invasion and metastasis of cancer cells are the leading cause of death for cancer patients, and matrix
metalloproteinases (MMPs) play an important role in these steps. In this study, we determined the effect
of kalopanaxsaponin A (KPS-A), isolated from the stem bark of Kalopanax pictus Nakai, on the invasion
of MDA-MB-231 human metastatic breast cancer cells. KPS-A significantly inhibited the viability and
PMA-induced invasion of MDA-MB-231 cells in dose-related manner. We also found that PMA-induced
invasion was suppressed by KPS-A through decreasing the MMP-9 secretion. In addition, KPS-A
remarkably reduced PMA-induced DNA binding and transcriptional activity of nuclear factor-kappa B
(NF- £B) and activator protein-1 (AP-1), and blocked PMA-induced phosphorylation of ERK1/2 and Akt,
not p38 MAPK. Furthermore, we confirmed that PMA-induced MMP-9 activity and transcriptional activity
of NF- xB and AP-1 were regulated by p38 MAPK, Akt, ERK1/2. Taken together, the suppression of
MMP-9 activity through ERK1/2/AP-1 and Akt/NF- kB pathway may contribute to the anti-invasion
activity of KPS-A in PMA-stimulated MDA-MB-231 cells. (Cancer Prev Res 13, 108-115, 2008)
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1. Al X BN

Phorbol-12-myristate-13-acetate (PMA), 3-(4,5-dimethylthiazol-
2-y1)2,4-diphenyl tetrazolium bromide (MTT)= Sigma (Sigma
Chemical Co., St. Louis, MO, USA) A E& A&39 1
PD98059, SB203580 ~12] 31 LY294002-& Calbiochem (San
Diego, CA, USA) A &5 A}-83}% 21, fetal bovine serum
(FBS)Z} Dulbeco’s Modified Eagle Medium (DMEM)-2 Gibco
(Grand Island, NY, USA) A &8 AF-8-3}1 T} Rabbit polyclonal
anti-phosphospecific  p44/42 MAPK, anti-phosphospecific p38
MAPK, anti-phosphospecific Akt (Ser473)2} anti- S-actin anti-
body+ New England Biolabs (Beverly, MA, USA)°l| A +¢]

3} I anti-MMP-9& Santa Cruz Biotechnology (Santa Cruz,
CA, USA)O A T3kl AH&-3F T KPS-AE ZFA| o &
W AL EET 9EFE uFdoRRE wol 10%
DMSO°] 1 mg/ml& =<1 § vjA| 2 3] A5 A5t

2. MUY

MDA-MB-231 Q1A o] et Alxe 3= Al 25
23)(Seoul, Korea)ol| /] H<F ®o}l 10% FBS7} 714
DMEME A}43led 5% CO,, 37°C Z7] A Euj k7]
Al vl Fst AT

3. MTT assay

>

32 kg 96 well plated] welld 1x10°7]2] MDA-
231 A S B-F83 37°Col A 2447 F<F ok 3
T KPS-A9 & ¥3e wjA = KPS-ATHS
gt DA o] gle wiAIellA ThA] 4813t F<t ket
. MTT €95 05 mg/ml X7} A 7}sla 4417
Qb uj ket &, v o MTT &2 A| AT Al 2]
PAH formazans 0.1 ml DMSOZE =9 % ELISA
reader (Powerwave X340, Biotek Instrument, Beun-De Ronde
Serlabo, Drogenbos, Belgium)E A}-§3Fe] 570 nmol| A &%
=8 St A AEES KPSAE 718kA] @2
welle] EF 5o U3 KPS-AZ 7} welle] TR o)
TEE FAT
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4. Cell invasion assay

MDA-MB-231 A2 A&
Dickinson, Lincoln Park, NJ, USA)Z insert chamberS L E
AlZ1 Transwellchamber plates (Corning Costar, Cambridge,
MA, USAE o $3te] 27590 Marrigel & 274 A7t

A =& Matrigel (Becton
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=o] 3l 30 ug/mlS insert chambero] 7}3}e] ZE & T
[’H} thymidine® 2 %A A ZZ wellF 50,00070% 2
0.2 uM PMA®} KPA-SZ X 2] 3} 51 th. 4841 7F &<t ull
gl & Matrigel S E3}35}9] lower chamber@ ©]E 3+ A
9] % cpmE Scintillation counter2 =7 3} T Al L2
T As ¥olF A2 F opmoll g HE&
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5. Zymography
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MDA-MB-231 A Z(1x10° cells/mhES A4 2 0.2 uM
PMA ¢} KPS-A7} &8 w] x| A 2447k S-<F n)j oksk
2] S}tk e Al EE ERK A8 A]
¢l PD9Y8059, p38 MAPK A8l A 21 SB203580, Akt ] &l A
9l LY294002% 1A|ZF E2F AA 23t PMAR 16A17F
AT 20 nge] TMA S E3tote AFAE 0.1%
(w/v) gelatin©] SF3-% 10% polyacrylamide 2ol A A 7] <
=3ttt AL 2.5% Triton X-1000] -FH Tris-HCl

Ao 247 EeF A8ttt 37°C, 10 mM CaCl,,
0.15 M NaClo] &% 50 mM Tris-HCl (pH 7.5) 9% &-<H
A A 16A17F Z<F A Zth AL 0.25% Coomassie
brllhant blue® GA3te]l MMP-9f 2ol 7] Zo] Eajd
e ZAsta
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6. Electrophoretic mobility shift assay (EMSA)

NE-£B9} AP-12] DNA 23 &S =337 94
EMSAE 43319 th. MDA-MB-231 A| & KPS-A, PD98059,
SB203580 HE+ LY294002 =2 1A]7F Z<F A 328} PMA
S Z AT v oA 1A]ZE FF vl Al ZE R
o} =9 [20 mM HEPES (pH 8.0), 0.4 M NaCl, 1 mM
EDTA (pHS.0), | mM EGTA (pH 8.0), | mM DTT, 1 mM
PMSFI1O. 2 A 2% &8 #ZE-S Klenow ~P-labeled NF- kB
1t} AP-1 consensus oligonucleotides (NF- #B ; 5'-AGTTGA
GGGGACTTTCCCAGGC-3', AP-1 ; 5'-CGCTTGATGAGT
CAGCCGGAA-3") (Promega, Madison, WI, USA), poly dI-dC/
dI-dC (Amersham Pharmacia Biotechnology, Piscataway, NJ,
USA)9} ZF2o A 20 23t BH-GAIH T 5% polyacrylamide
gelol] A 3A17F E9F 10 voltsiem S 2 ¥-2] 8} 11, Kodak
XAR filmo| =238 NF-xBY AP-1¢] DNA 23 A&
ENEE

7. Transient transfection and luciferase reporter
assay

pNF- £B-Luc®} pAP-1-Luc reporter plasmid (Clontech, Palo
Alto, CA, USA)E- Lipofect AMINE 2000 (Life Technologies,

Rockville, MD, USA)S ©]-&3}o] MDA-MB-231 A 3o
transient transfections}$] 11 ™) 2ol & pTAL-Luc vector
(empty vector)S A}F-8-8}9 T}, Transfection efficiency S H| 1l
st7] 98l Al X pSV- B-galactosidase (Promega, Madison,
WI, USA)E co-transfectiond} %1 TF.  MDA-MB-231 Al 39|
A NF-kB&} AP-19] 93 HALS KPS-A7} 9 A|8t=A
olr 7] 93, A 25 1AZ Bt KPS-AR A2 gh &
PMAS X3 ujA|olA 8AIZE Fob wjgeidtth
PD98059, SB203580, LY294002+ 1A] 7t EoF A A 2] 319
t}. Luciferase B4 2 Luciferase Reporter Assay System
(Promega)S A}-8-3}] luminometerol A 27 3} 9] T}

8. Western blot analysis

80~90%2] confluenceE H.0]= MDA-MB-231 xﬂ}:é—
KPS-A7} 234 iAo A 1A]7F Z=<F vl okal & uM
PMAR 208 5ot 223515t YAl £ 5to /‘ﬂJ_a =
© 10 lysis buffer g3l 5FA T ThA] LAl E-2l3sle] A2
W A B &, T @uAS 10% polyacry-
lamide gelo|A] A7]gdF o2 H2|3t9ct el vz
< PVDF membrane®. 2 A oJA]Z] &, 5% BSAZS 3+-&-3t
PBS-Tol| -2 A 1A]ZF Ft WA A H|5o|4 At
2 st} 10 10002 3] A H rabbit polyclonal anti-
phosphospecific 33| 2 3} F5 FoF 223 o2 Al H s}

1:30002.2 3] ¥ horseradish peroxidase-linked anti-
rabbit IgG ©]2}8}A](New England Biolabs, Beverly, MA,
USA)Q} HH-3-A|ZIT}. Enhanced chemiluminescence kit (Amersham
Life Science Corp., Arlington Heights, IL, USA)S A}-83}<]
Xeray flmell A7) 57 WA e BAaa,

9. T XN

A A= InStat™ statistical software (GraphPad Soft-
ware, Inc., San Diego, CA)S ©| 83} one-way ANOVA test
B89 01, Western blot 2ol &=
Mann-Whitney test7} TL2] 1L transfection & &S 283t
luciferase B4 A o] & Wilcoxon matched pairs test7} <=
FHAC 2 APL o FAEA Y FAA FALE
p<0.05 FFA AT FTFLAE FAFATH
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e AdgH 3 o & dyelde 98 dgeld &
Aol g gefAE de] AFEE I 3le & Ey oA
T2 E KPS-AZF Jold 3 Alze] Ais dAlshe
Al Z2Abetgl o, KPS-A7F A Ee] Airs dAlsts
717& B8l7] flste] Al 2] 271 A 9 Aleoldl &
S8 MMP-9¢] I Bl MMP-99] W@ o] Hofdte AlE
Azde dudse MakE AT

WA 10% FBS7} &% Hjx] oA MDA-MB-231 -4}
oF AlEo] KPS-AE F=HE A 23t & MTT assay 2 Al
X AEES FHT A3, 6ug/ml o5t FEAAE
KPS-A7} A EA4S Holz & whd 8 ug/mlF} 10 ug/

mlo| A& Zh2F 60%9F 35%2] Al Euk W ZEsto] Al E
A
1007 @& a 2
X
S 80-
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Q
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2] I I
0
PMA (0.2 uM) -
Anti-MMP-9 -

4= Ueh At 4ol gle wiAIol M = 6 ug/ml o] 3}
o] FEA = KPS-A7} A 545 HolA| ¥skey
8 pg/ml ]3] FEo = Aol £FE wiA| A ET}
AE EZA40] T 7 e THEg. 1A). MDA-MB-231 Al
ol ek KPS-AS] M X255 XA & PMAY] |3
S7He MDA-MB-231 Al 2°] &5 KPS-A7} JA| 8=
A AR AL AE 54S HolA| g vEoA vk
o]&A 0 & MDA-MB-231 A| 2] #fo] KPS-A] 2|3
o] ) 3} 4 th(Fig. 1B). PMA©] 2|3 &7}¥ MDA-MB- 231
M E2] A Foll A MMP-92] & &hS- 2913} 112} Matrigel &

SE=
FEH transwell®] inner chamberdl] anti-MMP-9 A S ¥

an&—m

S F A% gL SHstdh 1 A3 PMAE A3t
A % MDA-MB-231 A 29] 3] -& anti-MMP-9 g4 of
B

Percent invasion
N
1

0 T T T T T L
- - 2 4 6 8

PMA (0.2 uM) + KPS-A (ug/ml)

PMA (0.2 uM) + KPS~-A (ug/ml)

prOMMP ° _

Fig. 1. KPS-A inhibits PMA-induced invasion and MMP-9 activity in MDA-MB-231 human breast cancer cells. (A) MDA-MB-231

cells were treated with various concentrations of KPS-A in the presence (O) or absence (A

) of serum for 48 h. Cell viability

was determined by MTT assay. (B) MDA-MB-231 cells were incubated in serum-free media with PMA (0.2 M) or/and KPS-A
for 48 h. Cell invasion activity was measured by using Matrigel-coated Transwell. (C) Cells were incubated in serum-free media
with or without PMA (0.2 M) or/and anti-MMP-9 antibody (1 mg/ml) and invasion assay was performed. (D) MDA-MB-231 cells
were treated with PMA (0.2 «M) or/and KPS-A for 24 h. Conditioned media were collected and MMP-9 activity was measured

by gelatin zymography. Data represents the mean+SE from three independent experiments.

*p<0.01 versus PMA-treated cells.
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o3 JF& WA AT, PMAd 23] F7}E MDA-
MB-231 Al 9] &2 frolH oz A H AT (Fg. 10).
W3, zymography & A Tl kel U] MMP-9e] B4 S =
243k A3l PMAC] 98] @A Z7tE MMP-99] EuH| 7}
KPS-Ad] oJ3 F= o] &4 o2 45 A ThFig. 1D). ©]
o] A2 HE] MDA-MB-231 A o] 54 Al Eo A
KPS-A7} MMP-9¢] &4 HaAA PMAR =€ Al X
o A&E ATdE A ¢ F Aok

FAIEA A MMP-99] W&} A E joo R o] Pz
insulin-like growth factor I (IGF-1), fibroblast growth factor-2
(FGF-2), heregulin- 813} 78 thokdl A A 2E 7 PMA
9} 70| protein kinase C (PKOE A 3l E2 o 93
FeH e, ol & =2 ) Frd MMP-99| Ed o]
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Q14| glioblastoma US7TMG A 3”¢]]
A MMP-92] EH|E ZFAA]7] 1, nude micedl| A salivary
adenoid cystic carcinoma (ACC-M)2] Ho]& FEZ o7 <
Aste EA4S dehlH,” AP A Lol A% osteoprotegerin/
receptor activator of nuclear factor- ¥B (RANK)/RANK ligand/
MMP-9 signalingS Z& 3} docetaxel®] anti-tumor®} anti-
metastatic S-S Z7MAZ LY =21e] 29 catechin A B
Ql (—)-epigallocatechin gallate (EGCG)-S QA gastric AGS
A Eo| Al MAPKZ} AP-19] 43S < A)|3te] tumor pro-
moterd] 98] F7tE MMP99] LA A e

PMA (0.2 uM) - +
KPS-A (5 ug/ml) - -

p-ERK 172 P —

pp38 MAPK e —— —

p—Akt L RS c—

Pracn o c— —

AP-1-Luc

B pTAL-Luc
51 4
T
o
£ 44
= 31
=
& 3-
(0]
21
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5 21
=
2 11
8 17
9]
m I
O T 1 0' T
PMA (0.2 uM) - + - +

KPS-A (5 pg/ml) - - - -

2' *%
1-J I L
T 0 T T T
+ + - + + +
4 6 - 4 6

Fig. 2. KPS-A inhibits the transcriptional activation of NF- kB and AP-1 and the phosphorylation of ERK, p38 MAPK and Akt in
PMA-treated MDA-MB-231 cells. (A) Cells were treated with PMA (0.2 «M) for 1 h after 1 h-pretreatment with KPS-A (5 g/ml)
and EMSA was performed. (B) Cells were transfected with pTAL-Luc, pNF- #B-Luc or pAP-1-Luc by the LipofectAMINE technique.
The luciferase activity was measured in the transfected cells stimulated with PMA (0.2 «M) for 8 h. Data for the NF- xB- and
AP-1-dependent luciferase activity were normalized to S-galactosidase activity from co-transfection of pRSV 3-galactosidase. The
data represent the mean+SE of three independent experiments. *p<0.01 versus PMA-treated cells. (C) Cells were pretreated
with KPS-A 1 h prior to PMA treatment for 20 min. The phophorylated ERK1/2, p38 MAPK and Akt were detected by western

blot analysis.
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Curcuma longa?| A 228 curcumin®] 7 $- articular chon-
drocytesoﬂfﬂ NF- kBo| &35 dAste] MMP-99] &
S Adlstdn,” Al # A EAN Fol 9

6“ %E% NE-«B 413} 2 kB e kinaseE A TFo =2
W MMP-99] W& 7+aA71E Ao vehgth” si-
bum marianum L. 3 E-C 2 A 3243} FAJo] HuH sili-
binin-2 MCF-7 S1A| 1<t Al o A MAPK/AP-1 41 5.4
= oAlste] PMAC] 93 F7HE MMP-99] HE S <
ASLTE MMP-99] L& o] Trof sk AT W] A
g EAE0] ALY A,
muscle cells (VSMC),”’lS) = v keratinocytesw) SO B
27} =9 =], MAP kinaseZ7} NF- B9} AP-1 AAFQIALE

6
) vascular smooth

A
PMA PMA
- - PDSBLY - - PDSBLY
NF-— | TN

NS —| e e s B

™

NF-kB-Luc

3 -
) I L
0 T T T T

- - PD SB LY

PMA

Relative luciferase activity (fold)
N
1

443 sted o 9 she AR UEwETh
Tracheal smooth muscle cells”’ol| 4] TNF-alphao] ]3]
NF- £B pathway$} T 5] Src/EGFR/PI3K/Akt pathway T
£ St/ PDGFR/PI3K/Akt pathway7} @41 3l= o] Ak} 2
H o olFd ¥, ZA43} @ NF-«B9 %83t
MMP-99] &d & fFEdtes o2 Hug.

olg]g AT ZA7E Eh 2 KPS-A7} MMP-9] 3 &
AA 8t 7] AL ¥ 1A MDA-MB-231 &1k A o]
KPS-AZS 223} S ] NF- B} AP-1 AAFQI Ao 2] 5f
MMP9S] AL A EA AR MMPoe)
promotero]] & 271 ] AP-1 Z &4 9] (located at -79 and -533
bp)2} 17§9] NF- kB AT (located at -600 bp)7} cis-

PD98059 SB203580 LY294002

AP-1-L
4- uc
3_
2_
) I
0 T T T
- - PD SB
PMA

Fig. 3. PMA increases MMP-9 activity by activating NF-#B via Akt and p38 MAPK, and AP-1 via ERK. (A) MDA-MB-231 cell
were stimulated with PMA (0.2 M) for 1 h after the pretreatment with PD98059 (PD, 50 M), SB203580 (SB, 20 /M), or LY294002
(LY, 50 zM) for 1 h. EMSA were performed with radioactive-labeled NF-#B or AP-1 probe. (B) The luciferase activity was in
MDA-MB-231 cells transfected with pTAL-Luc, pNF-kB-Luc or pAP-1-Luc. The transfected cells were treated with PMA (0.2 M)
for 8 h after the pretreatment with PD98059, SB203580, or LY294002 for 1 h. Data for the NF- #B-, AP-1-dependent luciferase
activity were normalized to A3-galactosidase activity from co-transfection of pRSV A3-galactosidase. The data represent the mean
+SE of three independent experiments. *p<0.01 versus PMA-treated cells. (C) Cells were stimulated with PMA (0.2 M) for 16
h after the pretreatment with PD98059, SB203580 or LY294002 for 1 h. Supermnatants were collected and equal amounts of protein
were loaded onto a gelatin-containing polyacrylamide gel for MMP-9 gelatinase activities.



114 Cancer Prevention Research Vol. 13, No. 2, 2008

acting regulatory elementsol] 9]X|3}e] NF-¢BS} AP-12
PMA] 98] MMP-9 &A 27} &3 w Z4A 0 AL
o1zkel Aoz & A 9ttt Electrophoretic moblhty shift
assay (EMSA)E +3) 3 A3} MDA-MB-231 A| £ E PMAR
A=5FH NF- kB9} AP-19] DNA Zgo] &3 o] <7+
w o] 3t Z7}= KPS-Ad] o3 A= A THFig. 24).
PMAZ 553 NF-«B9} AP-19] 93 AA A=
KPS-A7} A &t=%] &<l st 2} pNF- £ B-Luc®} pAP-1-Luc
reporter plasmidZE- transient transfection@F MDA-MB-231 A]|
F oA luciferase FA-S =% 3}t pTAL-Luc vectorS
Yo M Eol 7-$ PMAC] 93} luciferase &4 HEE H
oA &L ¥k pNF- #B-Luc reporter plasmidS @& Al
9] A% PMAY 2] luciferase &4 o] 3.98] =715 1
pAP-1-Luc reporter plasmidE ¥ 2 A| E | A = luciferase &
Aol 25 vl =7}t NF- kB9 AP-1S E3] PMAY
oa] =719 luciferase ZA] S KPS-A°] o3&l % o=4
o2 A = AThFig. 2B). o]oAA AEZATHG ThulF
of tigt g3t& St 23}, PMAR
212] ¥ MDA-MB-231 A |4 ERK1/2, p38 MAPK$} Akt
o] olatzlr} A3 ksl o, PMAY ol&]
ERK1/29} Ake9] Q14F3l7} KPS-Ad] 93] A=< Ur
p38 MAPK®] Q14tsl= KPS-Adl| o3| 7HA=A] etk
(Fig. 20).
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