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Withaferin A is an active component of Withania sommnifera, and has anti-inflammatory, anti-tumor, and
immune modulatory effects. However, the effects of withaferin A on metalloproteinase (MMP)-9 ex-
pression and activity have not been investigated. In this study, we investigated the ability of with-
aferin A to inhibit MMP-9 expression and activity in PMA-treated human cervical carcinoma Caski
cells. Withaferin A markedly inhibited the PMA-induced MMP-9 activity in a dose-dependent manner.
Withaferin A decreased not only PMA-induced MMP-9 promoter activity but also PMA-mediated
MMP-9 mRNA and protein expression in Caski cells. NF-kB promoter activity, which is important in
MMP-9 expression, was also decreased in combined treatment with withaferin A and PMA.
Furthermore, withaferin A markedly suppressed the ability of PMA-mediated migration in Caski cells.
Our findings suggest that withaferin A might inhibit PMA-induced migration through the down-regu-

lation of MMP-9 expression and activity.
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B Aol ARES 7 AR A EF2] Caski HE=
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USA)ell A Ttk AEF v FS A A= 10% B ot
93 7(fetal bovine serum, Hyclone laboratories, Lagan,
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DMEM (Dulbecco’s Modified Eagle’s Medium, Gibco BRL,
Grand Island, NY, USA)& AM§3l8om 37C2 fAH=
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%l PMAE Calbiochem (San Diego, CA, USA)ll Al )3}
11, Withaferin AT Biomol (Biomol Research Laboratories,
Inc., PA, USA)l A T3t

Gelatin substrate gel zymography

PMAd 93 FE%+ MMP-99 &Ald] withaferin A7}
U e S ot 7] 93k Caski £l withaferin AS
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%At} 25% Triton X-1002.2 1417 5t gel& 412 3}e] SDS
€ AAT v, 5 mM CaClht ZnCl7t 9 ghz ol ¥
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anolo] £3E G4 4F NS Hefsto] N W=E #Fd)
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Plasmids, transfections and luciferase gene assays

PMA®] o] MMP-9 +312+9] ZAkA]ofel th gt withaferin
Adlle] HJEFE BA3517] 98t MMP-9-Luc (human MMP-9
promoter construct)& A3}t 6-well platec] 1243t Bl
&gt Ao human MMP-9-Lucg lipofectamine ¥R ol w}
2} transfection 3} % 1, withaferin AZ 308 A g3 &
PMAE 12 A7t A5}, luciferase 4 SA 5T Lot
AP-17} NF-kB reporter construct= Clontech (Palo Alto, CA,
USA)S 2 HE 19l3t] 9o 22 wHoz 848 SA33h

RNA  isolation  and
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Ad 98 JAHEAES Lolry] YsjA RT-PCRES ©]-&3}
o] MMP-9¢] mRNA &S #4313t A& A A
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ZJ3te] total RNAE & 3 F MMLV HAtas
(Gibco-BRL, Gaithersburg, MD, USA)E ©]8-3}o] cDNAE
gAsl ek &4 cDNAZ MMP9 primerS o] &3}o] #
s SHAZ . PCRO AFE-3H MMP-9 primer sequence
+ forward: 5-CAC TGT CCA CCC CTC AGA GC-3, re-
verse: 5-GCC ACT TGT CGG CGA TAA GG-3'°] 1, actin
] primer sequence™ forward: 5- GGC ATC GTC ACC
AAC TGG GAC -3, reverse: 5- CGA TTT CCC GCT CG
GCC GTG G -3'°|t}. 11 4 Aol & vlnstr] YA 1.5%
agarose geloll Zt7te] PCR 4H&$5 loading st A 7145 &
gt 43 ethidium bromide (EtBr)Z 94 3t & UV 7oA
dEo Jr g Fst

Western Blotting
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membrane (Milipore, Bedford, MA)2.Z transferd} %t}
Membrane 5% milk/TBST (20 mM Tris-HCL, 137 mM
NaCl, 0.1%Tween 20, pH 7.4)& A-&o|A 147t FA3 5,
MMP-9 (Santa Cruz, CA, USA)} actin (Sigma, Louis, MO)<
48 5% milk/TBSTZ A-&lM 12412 FA5FA
Anti-mouse ¥+ rabbit Ig horseradish peroxidase/TBST
(Amersham Buckinghamshire, England)Z 1A17F ¥H§ &
Enhanced Chemiluminoscence (ECL, Pierce, IL, USA)& %<
el MANAN BAL e,

Migration assay

PMA®] 93} Caski A|E 9] o]F 9] withaferin A% &3}
gHelsl7] 913ke], Caski Ml EE 12 well plateol] 12417 5t
B3 2, white tip2 ©]8-3ke] Al o] woundE Zth ¥
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croscope, Jena, Germany).



Z I

A HEAMZOl Caski MZOIAM PMARTZ MMP-9 &

Astof withaferin AQ] S} &l
PMAE t&st Al Lo A MMP-99] 843ts fxstes A
o2 G JvH15, 23]. AT HFEG AE Caski Al E ol A
% PMAE 12417+ Ag]std MMP-99] 243518 F714]7] 1L
o] Wl withaferin AS & B & Xg|3}A4 ™ PMAd] 475L
MMP-2 ,] D:l—/ﬂg}o]]‘— o].‘:' Eﬂ 0‘-1’6]:0] Mx]u]- MMP—9«] p:L}a
32 FEYEHCE A= A FAT 5 AN THFig.
1). T3}, withaferin Aw A2 7|28 02 EAJst= MMP-9
AA sH}Fig. 1). & A+ 22

>

J

o] F4sie withaferin A+
+ + + + PMA 75 nM

0.1 0.5 1 1 Withaferin A (uM)
MMP-9
MMP-2

Fig. 1. Effect of withaferin A on PMA-induced MMP-9 activity.
Caski cells were pretreated with the indicated concen-
trations of withaferin A for 30 min, and then added 75
nM PMA for 12 hr. Conditioned media were collected,
and MMP-9 activity was analyzed using gelatin
zymography. The data represent three independent
experiments.
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Fig. 2. Withaferin A inhibits PMA-induced MMP-9 promoter activity, MMP-9 mRNA and MMP-9 protein expression. (A) Caski
cells were transfected with a MMP-9 promoter containing luciferase construct. After incubating for overnight, cells were
pretreated with the indicated concentrations of withaferin A for 30 min, and then treated with 75 nM PMA for 12 hr.
Cells were lysed and assayed for luciferase activity. Values in (A) are meantS.D. of three samples. (B and C). Caski cells
were pretreated with the indicated concentrations of withaferin A for 30 min, and then added with 75 nM PMA for 12
hr. MMP-9 mRNA expression and protein expression was determined using RT-PCR (B) or Western blotting (C). The data

represent three independent experiments.
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Fig. 3 Effect of withaferin A on PMA-induced NF-kB and AP-1 promoter activity. Caski cells were transfected with a NF-kB (A)
or AP-1 (B) -luciferase construct. After incubating for overnight, cells were pretreated with the indicated concentrations of
withaferin A for 30 min, and then treated with 75 nM PMA for 12 hr. Cells were lysed and assayed for luciferase activity.
Values in (A and B) are meantS.D. of three samples. The data represent three independent experiments.
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Fig. 4 Withaferin A inhibits PMA-mediated cell migration. Confluent monolayer of Caski cells was wounded and images were
taken immediately (control-0 hr). After washing with PBS, Caski cells were pretreated with the indicated concentrations
of withaferin A for 30 min, and then treated with 75 nM PMA for 12 hr. Wound gap was observed and cells were photo-
graphed using a Carl Zeiss microscope. The data represent three independent experiments.
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