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Silibinin A& & 43 & F A7 3 B #9 #8 &% #A(flavonoid)i A fb4y » F
¥R AT B A LR A HHALES H silibinin SAEME A AL &
AE - ABAEHR T AT EHE silibinin $ R eREBHRE NN
B ZIERT —HEABHEBBRN O AR B IE © AS49 > o
F R IEARE R M silibinin RIFH LBHHNE @BREANESOE
o mmp SR T L EAFEE R4 B AR ol ale
ShAE AR B e Bl 1 ke B A ] 89 RL AR ) A BRI b B B0 A5
G ERE EmpeEARES o E 4 4 & modified Boyden chamber
invasion assay> #1194 3, silibinin £ & #p#] A549 2 A\t 5E /1 > 4k gelatin
zymography 1 casein zymography assay ¥ 4. % 3.2 silibinin T B #p ]
A549 MMP-2 & u-PA #5 %38 » b4} #1 A Boyden chamber assay $1
cell-matrix adhesion assay %37, A549 £ & 32 silibinin 2% & B fa g éy
BHENRATHEMENSARESTH - ATER—FHRK
silibinin 4] s BB A BG4 - AR B F BRK 0 RPTERIAE
1§k i4e Py Akt -~ ERK1/2 -~ p38 siBtftft NFxB s9E G &R &
B 4 AT L B - S T 6 LR B B ASA9 ¢
BALE D 0 i B — sl A © LY294002 « SB203580 Fv U0126 ¥ Bh
KA 5 T PI-3K Fv p38 #5428 5T LA AS549 MMP-2 %k 3R, LA B 4= B 4%
A EAMAES > T MEK 3848 8] R 3% % fa i MMP-2 £ u-PA 89 %

BULBAZNAES ©



Abstract

Silibinin is a flavonoid antioxidant extracted from milk thistle. It
was used as a liver detoxicant previously. In recent studies, silibinin has
shown its anti-carcinogenesis property. In order to observe the effect of
silibinin to cancer cells metastasis in vitro. we chosed a high metastasis
human lung cancer cell line : AS549 cells treated with various
concentration of silibinin to probe into the potential of inhibiting cancer
cells invasion. Tumor metastasis are multifaceted processes that mainly
involve proteolytic degradation of the extracellular matrix, changes
cell-matrix adhesion, and regulate cell motility. In the first, we found that
silibinin inhibited A549 cells invasion via modified Boyden chamber
invasion assay and both of MMP-2 and its activator : uPA activity were
also inhibited by silibinin via gelatin zymography and casein zymography
assay. In the other side, silibinin also inhibited A549 cells motility and
cell-matrix adhesion by Boyden chamber assay and cell-matrix adhesion
assay. In the signal transduction pathway, we found Akt, ERK1/2 and p38
phosphorylation and NF-xB protein level were inhibited by silibinin via
western blotting. In order to confirm the activation of above proteins
whether regulate A549 invasion ability, we used specific inhibitors :
LY294002, SB253080 and U0126 to clearified that PI-3K and p38
signaling regulate MMP-2 expression, cell motility and cell invasion of
A549, and MEK signaling regulate MMP-2, u-PA expression and cell

invasion.
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APS : ammonium persulphate

B-MSH : 2-mercaptoehanol

4CN : 4-chlor-1napthol

DAB : 3,3’-diaminobenzidine

DMEM : Dulbecco’ s modified eagle medium
DMSO : dimethylsulfoxide

DNA : deoxyribonucleic acid

ECM : extracellular matrix

ERK1/2 : extracellular regulated kinase 1/2
EtBr : ethidium bromide

FBS : fetal bovine serum

HRP : horse radish peroxidase

MAPK : mitogen-activated protein kinase
MMPs : matrix metalloproteinases

mRNA : messenger RNA

MT-MMPs : membrane-type matrix metalloproteinases
NC membrame : nitrocellulose membrame

NF-kB : nuclear factor kappa B



PI-3K : bhosphoinositide 3-kinase

PAGE : polyacrylamide gel electrophoresis

PAI : plasminogen activator inhibitor

PKB : protein kinase B/ Akt

RT-PCR : reverse transcription-polymerase chain reaction
SDS : sodium dodecyl sulfate

TAE : Tris-acetate-EDTA buffer

TIMPs : tissue inhibitor of matrix metalloproteinases
t-PA : tissue type plasminogen activator

u-PA : urokinase-plasminogen activator

u-PAR : urokinase-plasminogen activator receptor
TEMED : N,N,N’ N’-Tetramethylethylenediamine
Tris : 2-amino-2-(hydroxymethyl)-1,3-propanediol

kDs : kilo-dalton
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BB BRAERERABRERARLEERANRES
BB —f&ME o & 8o e 345 i (metastasis) st 8 4F I 35 4a i, 4 32
gk a0 6.5 T ta o Bl dm b sh 3 B (extracellular matrix, ECM)
Z_ 4] & 4 % 77 (adhesion) gy 2 8 - e A B2 4w B ) 4B BLAR A ) 89 AR
mp SRR FRER BT Bt R Y RAZER A
BP e E RKEE  ShHRBERALNHE REBHREN L
Bl FRaEXRCEFIENGAREET  AEHGARENHLER

GO AER - BeRPEGEREFASSETHE M RETHE
BRETHEHIE REERBERANET - LBBIRUNE 250
bommpitad R KBBEERA BRI R ATk eE  §
Hitafoftap PR T ey 58k UL BB ARSI -
UL mpAs B ERBREANNGBR(MEZ): EFARE
MR MER RS RER B ARER BURAREIE
BHERENHE  HAKO BB bRIN G RBER 7R
AEBAR@BAAT  RAKSERLAUSHINHEAREE
AL B AL R — B4 tumor °

mENEBmEeELRIINEE > B8 F » &iFF serne
proteinase ~ metalloproteinases (MMPs) ~ cathepsins + plasminogen

activator (PA) » £ ¥ MMP-9 ~ MMP-2 & u-PA £ KRB 63838 ¥



ERAE  ABRENERANBRAN - EHEEmELS RS
MMPs » f2 5 SR otk F i MMPs 5§48 #6938 /w > 1 MMPs
BABEGHBERTIMBREG EREBHERAERBERTAFK
Z6) MMPs > RERTRAAREATREPERES  ERENHK
BapFERARE BB EEmERBZEN)-

— ~ Lung cancer

BT ERKLEBEZUNHBERABRE o §8 btk F=
KHRABLERAFBRAESEIETER - £ 1900 £F 1945 5+
23,153 BlIRABEAS TIET AMESERA 124 - A ZE 1951
FHRERAXRE S R RILET G EERIR ) © WLATIE % o] F F
R BACRBRFTAAER MEAXSEBRERARTHE

Z2RBE -

R e R B A= KR 0 B dm B e JE N dm LA o FE ) e B
At 75%  FREAFEZR  SikmieE - A - Rk -
w - ISP E R 25% A RBR AR T RN R AL
PR . SRR SHBERESE  TANBRRES T
S ABMEIEAFHBE > BN S BIEH - 2. BRE C ABAMN
BRUERSIH—FAHY FTIRLFBRBBZI AR A BRBERENK
P hhBEs RRELZMBENBETALE -3 Releg ' 4k
BEREE  ¢8D LB EKEHENL -
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B o BARMAE SR AL AT » ko BABEE M WO BLIB AR © bR
K‘Wﬁggiiﬁ%%éi°%ﬁ%i%%%ﬂﬁﬁﬁ%ﬁ$%é
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ZWB > FERBBESEHA TRLRERFAE  FLR AT

BE -

MBEZEREBTNZRE F—8H CHERERSE X £
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%MOﬁﬁéAﬁﬁﬁﬁ%ﬁm%§a@Wﬁﬁﬁﬁmu%%%z’
ARELNA - BERBRBERS  EHBERAFEFRL - X6H
BWBEASEEREHHABE HTARNELSRER  BILRE
KRBT AT E LS BRAAN

LU T A ety ik B R B AN RRMAEHEE > o d
LB FihES MREAMBER wEEE RAMPE
HARRBEEMERHENARAARAGLERE ERXMBORT
ZBAEA - DR TREBUNTERREF SR EHoX AL =¥
e ZEER AFEE EHRFUARTURGFPER mEZ

AR BE - FEEFRARFAHREQR)

REFFEA S mALER C AS49 cells» A — & H BILABME o lig
J& 3k /| tm §2.9% P B2 % (adenocarcinoma)ty —# » B S KA BB -

=~ Silibinin ¥ ENE

\

7K # & £ (silymarin) & 3 #t &4 Silybum marianum (Carduus arianus,
milk thistle L&) (M B - R E R E R - A#%E (flavonoid) &
silibinin ~ isosilybin * dihydrosilybin -~ silicristin ~ silidianin % ] o B
MpaAm g R RKRG S BAMLALY  # F silibinin & X R KS
A% £ 4% A 3,5,7-trihydroxy-2-[3-(4-hydroxy-3-metho-xyphenyl)-2-(h
ydroxymethyl)-1,4-benzodioxan-6-yl]-4-chromanon(3) (ff & =) & BEx

£ R A A silibinin REFATFHER ~£BX RZH A EH %



e #H A 2000 £ R £ ﬁﬁéﬁ%éz\ﬁ%aﬁiﬁ%’%" AR #
et o (4) EZRAELEBZBNG T H KB
T-RTBREKOIENAEAL - SHIFRXREAFX - BBWHAH -
BEE BAHELE -4 A8 SHEESESF - LA04EH

it

ERARERAREFTES  FRA-BREERLRE R silymarin ££
EHIIBRAAE  FHERREFLELSILEFERY silymarin 2 4%
RF % -

Z AT X BR 35 & > silibinin s8] & H B = 00(A431) H4 K
B384 (5-7) o #2 LNCaP ¥ - silibinin 48 &3 45 s g B4 G £ G
9 > T MRk S AR 4% B M 4B (prostate-specific antigen) & ¥ 6] tm i 4
Fot iR F(2,8) o F A8 A(F344 rats) LR A silymarin 4 38 > 2 H K H
F% 8 162 4 % (azoxymethane ; AOM)F7 35 & B 7% (colonic ACF)#9% ax.
(1) o $bob » 2545 % & (athymic nude mice)42 4 silibinin » T #p 4] A ZAAT
PR tm (PCA)S & R R ¥ 4 B €3% /v plasmin insulin-like growth
factor-binding protein-3 (IGFBP3)#9 & 37.,(9) »

A F R o & A P 2k & & fa 88 (human umbilical vein
endothelial cells, HUVEC) ¥ - silymarin #E#p % MMP-2 #9 %8B &
HUVEC tube #99 s%, » it fHp 4 f & 37 A& A AEF(10) « M — b gk
Pl BRI silibinin - T35 %8 A0 A & B W ©
(apoptosis) (11-12) » £ AFRAT 5|8 A fa g F (DU145) - silibinin =T

) &y TNF-o 35 B A7 & 168 NFxB st R tm e B (12) - sk 5 » K



EFTHH Xyl-ene P sh o) — b B X R R & 3R 6045 By fe
AB) B ETURMNER-—EHFXRE -

BEHXROCER > FEEERBR silymarin HE 2 X > A&
B A 4% alanine aminotransferase & aspartate aminotransferase &5 18 »
B H R arid R AT R 69 455 F o 38 B 4 3R, silymarin €3% v TGF-BA c-myc
# & > 12%8p R € % & hepatocyte growth factor (HGF) ~ tumor necrosis
factor aipha (TNF-a) ~ class II major histocompatibility complex A&
interferon gamma (71) °
m ~ Matrix metalloproteinases (MMPs)

REEBEGKRRELT (MMPs) ftmfost & H (extracellular
matrix, ECM) 5@ FH R E ERMAL S AL EF A EHRE T
HEREBHER  URBTHEAR  BIEOEN - FEHER - FF
BHBER - BGOHRS SEMERRBBACEARAS £ RELA
AfoaBAOBelt - COTRERUARB@BENBBENRTLLAN
(13) » A H 4B KME G5+ E5% ¥ 89 MMP-2 (%45 gelatinases A) 2
MMP-9 (4% gelatinases B)R A KA KB T &9 £ & ity * type IV
collagen #3%E/1(14) - BEEEF ERLFSHEMLRER P(S5)
Fit LAZE SRR F =T B8 3, MMP-2 #i2 MMP-9 Y & 358 4 i 84 5 o
BANEE & EA8 M%) -
[(4-1] RE R EGKREBEETILA

BATA BN AT LR RO KB FRL REABHEIZS TR
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$6 o % —JA X &1L collagenase A ¥ -+ &35 interstitial vcollagenase
(MMP-1) ~ neutrophil collagenase (MMP-8) ~ collagenase 3 (MMP-13)
& collagenase 4 (MMP-18)- % —#8 84 gelatinase % X &35 MMP-2
MMP-9- % = #5 8] A stromelysin & % > 4% stromelysin-1 > procollagen
(MMP-3) * stromelysin-2 (MMP-10)& stromelysin-3 (MMP-11) - % @
%8 /& 7 membrane-type MMPs> .35 MT1-MMP (MMP-14)-MT2-MMP
(MMP-15) « MT3-MMP (MMP-16) ~ MT4-MMP (MMP-17) « % $h4 —
sb R 5 A R ok 4R 0 &3 MMP-7 (4% matrilysin » PUMP) -
MMP-12 ( % #% macrophage metalloelastase) ~ MMP-19 ( & #
rheumatorid arthritis-associated metalloelastase) ~ MMP-20 ( 3 #5
enamelysin ) ~ MMP-21 (34 XMMP ) - MMP-22 (&% CMMP )&
MMP-23 -
[42) RE LR EFOABRBEFTHRARAE
AEAREAXBREFARNEAARTH S~ LRATHHEEM
FAREE A R T SRR B RA - 2 ke A
BT RA LT 2B KO KM AR o @ TGF-B- retinoic
acids » glucocortinoids %+ Al ¢ HipH| AT £ B &8 7&%&%9@%% o
AE4BRGABBEARLAOARZIFSARGREGRETSD
AR SR B F AT o £ — 2 R #URAR E F - cytokine £ chemokine
WREEERMAE  NELe T-tafo Al 845 EF + 4 NFxB -

AP-1 > € 34x ik cytokine $#2 chemokine #4ke) & I(17) » Mgk

11



cytokine # chemokine FAH LI AT LB R OB LEARNE
RoNFxB itmpo g —EFEFEROPERTF -MAFHEL £
macrophage ¥ * #p#%] NF-xB #4 peptide 7T 84 4 MMP-2 ~ MMP-9 &
% 3(18) o f£— &k E & %78 4= f(murine melanoma cells) ¥ » NF-xB =
& 7E 4 MT-MMP & % 3, % 754t pro-MMP-2 » 3§ ok fm B4 A\ 8
He A(19) » £ B tafe PR » AP-1 €3 MMP-2 $2 MMP-9 X B
# 3 E4L > M E 2 MMP-2 2 MMP-9 # & 3(20) - £ MAPK 3
BB RBIEY > CaoE KRR AT LRI S0 - F ey p38 &
ERK #3548 & & Fiz /e 4 00 Bk i MMP-9 &1 R R(21) i
4 B 5T 3 oy ERK/Spl 32 #3548 38 o MMP-2 ¢4 % 37(22) - 4 NIH3T3
B ¥ > 37 AEIL6 Ras » MEK1 =T 5438 Av MMP-2 » MMP-9 # &
3,(23) ° % 4 B T LA 5 by PI-3K 2%4€ ¥4 MMP-2 &1 MMP-9 ¢ .k 35,
$138 3% b B2 N B9 85 11 (24) - 4 HT1080 s » AKY/PKB T 35 o7 3%
o NF-xB #5845 750 - M3 MMP-9 69& 3, (25)° sbéh > £E£ K
Bty o Akt 353 MMP-2 #9 &3, 3 Autm B invasion #
55 71(26) °
[4-3) B E 4B R GAKMBEFFLRH

RELBEOABBLEEN AR UAGLERELAR
GABEE;LE@BINT) EEMBRALAETLR RO KAELS
SEACFE S T 2% 8] B T 4948 4k (autocatalysis) % B #% & —#& urokinase

plasminogen activator (u-PA)z, tissue-type plasminogen activator (t-PA)

12



B Bk A KR plasminoéen 4 4 s, plasmin » i3
bS5 AL gy B E e : plasmin KA RLAT B KGO KMBETHERE
REALLBROXBREEIRERELEATLATOKBER
(28) - & M8 41 7T 35 & A #FR(APMA) ~ HOCI ~ oxidized glutathione
(GSSG)FiiEdL » ERLBREBSRAT A BB G RBEEN N &
propeptide domain #& /%@ T 10kDa - 2 2 A & B & G KREH
5 5 S 8| P4 M2 3p 4 B tissue inhibitor of metalloproteinases
(TIMPs)# #p5] » 4 P o AR on dm B SH LR 4 4 AR LT AA(29) -
% - Tissue inhibitor of metalloproteinases (TIMPs)

TIMPs & &% 48 & a KB EANARHIAD CTRE—1
i AT 4B RO RBEEHERQG0) ATLR RO KMAEFR
AR e EA B R mB M RE AR ERAREZNA
&,(31) > B b TIMPs fL 3031 B8 ¢ 38 4 R 3 m st H 9 T M5 &
18 BAAF 5 4h & £(32-33) -

[5-1] TIMPs family
a. TIMP-1: 47 X #: &8 p &(Xp23) 34) » 4 FE K& A 28.5kDa >
£ TIMPs ¢ & F# B Ry LABARRFEH > Cho TIMP-1 893
EAHS o Bl HELENRAET LB RO RBRECHPREL
i) MMP-9 & 4-(36-37) ~ ¥p#l o & #7 £(38-40) ~ IpH B HR L
B41-42) - LREBHE R AR TLHAEERNAEGS) -
b. TIMP-2: %% 17 #HE &8 q E(17923) (46) ’;:\—'f-%késﬁz‘é,

13



21kDa » TIMP-2 ./E'_ 1990 4 & human melanoma cell cDNA library ¥ #f
58 R(47) - TIMP-2 v TIMP-1 shctaf > LHAHpHIER R R
FoRBTHREETLEYAL > %R TIMP-2 fo TIMP-1 89575 66%
i g > jefRekrdE o B A TIMP-2 ey ki 54 > Btk
Bl# U F » TIMP-2 Fv TIMP-1 &4 4 R 4E4E € F FF £ £(48-49) -

c. TIMP-3: firh 22 % &8 q B(22q12)(50) » 5 F &K% 24 21 kDa

TIMP-3 & TIMP family ¥ = — 5 4& membrane ¥ &> € &4 ECM &
A4 —#2(51-52) - TIMP-3 zhfefo TIMP-1 ~ 2 8 R48F] » TIMP-3
EhfeRAo AT tm bR BIA W £ 2T S Rmiasibs
ke —EI542(53) - £ P A S48 - £ HL-60 leukemia cells 49 5
ibiBf2 > TIMP-3 # L #3v cell cycle 159 4 Gi phase # B(54) -

d. TIMP-4: TIMP-4 & £& 1996 48 > & A$A-B cDNA library ¥ %
B ARG S FEAASH22KkDa BETH TIMP-4 ¢ TG AF
o AKRATHTIMP-4 T a®H il LERXBEAABRY SR
@k - (55)

75 ~ Plasminogen activator &) & %,

Plasminogen activator (PA) & — 2 serine proteinases @ B
plasminogen B4 & & &9 % — M > #7T 2§ 2 KA A& plasmin » 7E1b &Y
plasmin #8 $ % G /KRB F DAL > AL LT 4§ fe iR BRIR P 4 55,
e BER PRAFEFLAREGRBEENNE -PA P

urokinase—plasminogen activator (u-PA) > 9] 34 & urokinase-plasminogen

14



activator receptor #) 4 4 R 4T i u-PA K A% plasminogen #7&H - it
Sampl R T BB TEG v-PAMEAR > AxE e
B 6 % $hFv 43 A5 @ tissue-type plasminogen activator (t-PA) * /54
R P B Bayshiedn it b iE4L plasminogen o R mik BRI P
W n i My b AR A AR ©

u-PA #1 t-PA #5 £ £ 345 % #1 plasminogen #9751 A M » Km
ERER LA EH oI RE > REREHER  F t-PA 55380
9h 1% & 2 plasminogen - fibrin~ KR Sitmin M A E e G &4
mEEE QKB Fa Rt ¥ By ® A fibrinolysis &94F A - 22K
wPA FRASLABE 22 vPA LESA R BBAGELRE
(W-PAR > CD87)&6 4 » + B4 8360 % G KARTEHE » 18 M i A b A 51
RE2HEmom BLAEATHABLBNEANLEBRE M
(56-57) - WA X BkdE & 0 £ ASR &Y 3B W o (MDA-MB-231) ¢ >
PI3-kinase ¥ 3% /v nuclear factor kappa B (NF-xB)#&) @4k k12t
uv-PAMRE > EMBERBABHENT) -

[6-1] t-PA ~ u-PA $1 PAI

t-PA S R mparinis ABERMEHRSLEE 22 -PA X
4% — ik plasmin R B F 4L Arg-275-1e-276 4 B A in B s 4 AL B
tPA > Bl R ERe ttPA RXYECEFES LAY
plasminogen B4 & X — e 5 BN (58) - uPA A S RAEE >

fE % plasminogen 4-#% 7% plasmin - u-PA ~ t-PA Z G5 R X £ 34

15



M 3p %IJ #| plasminogen activator inhibitor type 1 ~ II (PAI-1, PAI-2)7% 4p
#) o PAI-1 5T LA & PA 4 Mo B P e 2 F- 487 &JE » PAI-2 ¥ u-PA ~
t-PA B H e o BN B -PA s34 58 1 8055(59) -
t-mpt ATz an Ao

Wi AR T T oA mAE  (—) s &R e & & a s
(interstitial connective tissue) @ 4 4 5 % H@(ﬁbroblasté) B E R
(osteoblasts) ~ #: & %= fz(chondrocytes) ~ E *% fm iz (macrophage) A7 4 A%,
FE2HEAXFEEM (=) K& (basement membranes) : %éﬁz&#}i .
BE - RBB R iR - AERBHEZ A5 &) type-lV BRE
B % (b) ammin (c¢) heparin sulfate (d) chondroitin sulfate (e)
entactin(60) - 2t A H 2B FEE 0 ARKA - 28 %Gk
#% B&  (a) interstitial collagenase (b) type-IV collagenase (c)
stromelysin ; IT ~ Serine %& & 7K ## 8% : plasminogen activator ~ plasmin ;
III ~ Cyctein % & 7K A2 E§ * cathepsin B ~ cathepsin L ; IV - Aspartyl &

& /K A28  cathepsin D -
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B RAHR
k & # % (silymarin) % 3% & 4 4 % (flavonoid) silibinin -
silicristin  silidianin % ] - B #R 4 MRk » R RA W S BEHIRA
¥ 0 B b silibinin 2 X B RS 0 A6 95% MLk o L kAT — B
BA s » silymarin Tip#Hldy xylene A G e —LEHEXRER G M
HegBEaE /) o sbsh o silibinin EipH S RN ERARN AL
FEA S AHLT -

AS49 mpph—SEBILME LR s TRHERERLRE A
G EBEAHERET S RBEARSIEN PTUABPIEREE
& F AT IR KA RGBT RE LR AR ABRKAR
{8+ B o A5 Bl B0 4N S e B T 409~ e B B B 1 R B
eSS A M c ARREZ AT REGMAR silibinin £ F T UH HK
Bodpdl AS49 B L tm et EARE I RSN B —FIFRHL S
FH#H -
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15~ a8 &
— ~ B REA

1.5 B » £ & Sigma 2> 5] :
acrylamide ~ Tris base, N, N’-methylene-bis-acrylamide ~ calcium
chloride - gelatin -~ 2-mercaptoehanol - N,N,N’, N’ -tetramethy!-
ethylenediamine - citric acid ~ guanidine ~ sodium chloride °

2.5 B 7 Merck 23] :
sodium actate ~ formamide ~ glycine ~ glycerol °

3. AMNABE USB 243 ¢
ammonium persulphate ~ sodium dodecyl sulfate + sodium azide
coomassie brilliant blue R-250 -

4.5% 8 » % B Gibco-BRL 2+ 3] :
agarose

SEEABTLERE
Triton X-100 ~ methanol ~ acetic acid ~ phenol -

6.5 8 £ B FISHERE /2 3
dimethyl sulfoxide (DMSO)

7.5% & BioLabs
phosopho-p38MAPK(Thr180/Tyr182) ~ phoso-Akt(serd73)

8.5% A Transduction Laboratories

PI3-kinase » NF-xB p65 ~ phosopho-ERK1/2 -

18
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Spectrophotometer

Centrifuge

Centrifuge

Power supply

Shaker

Water bath

Vertical gel electrophoresis apparatus
Vortex

Horizontal gel electrophoresis apparatus
Laminar flow

Microfuge

Thermal cycler

GeneAmp PCR system 2400
Millopore

pH meter

Boyden chamber

EBEBREER
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Beckman DU640
Sigma 2K 15
Beckman GS-6R
Hoefer SX250
TKS RS01
TKS WB201
OWL P-1
Genie SI-2
Cosmo Mupid-2
NUAIR type A/B3
Eppndorf 5415C
Techne progene
Perkin Elmer
Whatman
Jenco microcomputer

Neuro Probe



10 % SDS-PAGE # #: Separating gel(12ml)

1.5 M Tris-HCl 4 #5/5#%& > pH 8.8 (3ml)

30% acrylamide-1.2%N, N' methylene-bis-acrylamide (4.2ml)
ammonium persulfate (10 mg/ml) (0.6ml)

10% SDS (120ul)

dd H,O (3ml)

TEMED (10ui)

4% Stacking gel Sml

0.5 M Tris-HCl £ #5757 > pH 6.8 (1.3ml)

30% acrylamide-1.2%N, N' methylene-Eis-acrylamide (0.7ml)
ammonium persulfate (10 mg/ml) (0.25ml)

10% SDS (5pl)

dd H,0O (2.7ml)

TEMED (10ul)

Transfer buffer & 4 (4000ml)

Tris-base (6g)
Glycine (28.6g)
Methanol (800ml) FeK E 4000ml

Running buffer & £ (1000ml)

Tris-base (3.0 g)

glycine (14.7 g)
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10% SDS (10ml)
dd H,0 (990ml)

Zymography washing buffer # 4

2.5% Triton X-100 in dd H,O

Zymography recation buffer 24

40 mM Tris-HCI pH 8.0, 10mM CaCl, , 0.01% NaNj

Staining solution ¥ #

0.125% Coomassie blue R-250, 0.1% amino black,
50% methanol, 10% acetic acid

Destaining solution & #

20% methanol, 10% acetic acid

TBS buffer (pH 7.4) & #5(2000ml)

Tris-base (2.66 g)
NaCl (18 g)
dd H,O (2000ml)

Washing buffer & #(pH 7.4)

TBS buffer + 0.05% Tween 20

Blocking buffer & &

5% non-fat instant milk powder in TBS

Substrate solution ¥ #§

15mg 4CN /1ml methanol, 3mg DAB/ 1ml d H;O,
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101 H,0, in 50ml TBS buffer
1.2% DNA gel # 44 (50ml)
agarose (0.6g)

‘ 50x TAE buffer (1ml)

dd H,0 (49ml)

RIPA buffer ® 4

4.38g NaCl

3.0285¢g Tris-HCI
1.25g deoxycholaet
5ml IGEPAL CA-630
Add dd H20 £ 500ml

Lysate buffer & f

500ul RIPA buffer
5 ul Na2BO4
5 ul PMSF

8.5 ul Leupetnin

W~ KRy ik
1. tmfgss %
[1-1] Br=k
e H ASA9 tm ity AR E R B R HRIR EN 3TC ey ks
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J— S AR E AR SRR B SE 0 £ 4T B
1000rpm 5 448 > £H4 % DMSO & L FR > S48 6 4 dn 69 37 433
A e irHcE R b - B0 37C4 5% COxeys i 7
Ak
[1-2] stksedk

AS49 B L g mppis kel 10% B4 ey DMEM 3 &7%&
%+ 3t shhu 1% penicillin/streptomycin ~ 1mM glutamine » £ 4@ f8 f
kA 0.05% & trypsin-EDTA émfndr T > @8 kAR EFR
AR AT S T e R 2 -
2. Gelatin zymography 2-#7

4% 0.1% gelatin-8% SDS-PAGE F 4B R ENAH EAhREERN
EAM T o iR B R F o3RIk Sx BB HRA
o SEANBE T 430100V £ 140V TR BT ERE - B R
T k844 0 14 washing buffer £ 38 F bk 30 948 2 R » R e
reaction buffer £ 37°CHEB 4 + R 12 /16§ > ik REZHE R L #
Bk 30 54 BUARERBE  BRELX -
3. MTT ( Microculture tetrazolium ) %4-#
ARBREARARSMETHERARREAENT i L REAR
B E e Bl 8 HF MTT reagent 48 dy 42 AR B2 ¥ #9 dehydrogenase £ A
RHBRRELEEE  FIER 4 PEZBEARARERRABERERE
d » # ODs7onm F B R EREK » B RABRETHR A ES g S
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% -
4. BF LRk

[4-1] mppz@inZ W6k
A8 3 4 m Y 6938 4 R R RS 0 WA PBS i ok R R0 $1 B fa B 3E Au A RIPA
buffer A E G FirHE £ OCTHRYG 10 548 £ 4CTF > XA
10000xg &= 10 548 » R _L$s 5 #7581-70C -

[4-2] B B2 X FE

&8 %8 E &AM Bradford protein assay Ak c RREAZ YT
# Coomassie billiant blue G-250 X R & & 64 EEEFREATES
GEME o MRFTEEAR—AF iR E BSA ARG Z — R
# Bradford protein dye » Mk & 595nm T R b2 B A B L — 4% 7 dh
S0 BURHS T ERFHISZ OD - B TAREARE dh R RAFAK
mERABZIRE -

[4-3] #8465

AR EZO2REL  BRIANBASERGRE 284 F
B-MSH &y BliRAu3g2) » £ 99C Fhuh 10 44874 EM 4Cayak
oo BECHEBATIEABA 0 550 100V 8 140V HEREFTE
ROH o

[4-4] E&B K &% % & blocking

A& B R B4 €% 4 transfer buffer #9 NC paper 2 k42 4°C F 84 110V

CTRETHA 1M BRATH R S% WL TR TEST
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blocking 1 /] 8§ ©
[45] — @B -_RIA
Blocking 5% * WA—RIAMIEENLE FHELABIRR - AR
TBS + Tween 20 2k 3 R & 10 542 - BhoA—RRABEERTHEA
2 /5 8% 0 B TBS + Tween 20 5% 3 k& 10 548 - Z#EUA LB L5
% % %48 B &L s DAB - 4-chlor-linapthol (4CN) ~ ;A & H0, 2 &, -
5.RNA # %8
3% 4 B3R PBS 7 sk @ k1L 0 S| EASE E ¥ > Ao A 0.5ml solution D
(4M GNTC » 25mM sodium citrate » 0.5% sarcosyl > 0.1M 2-mercapto-
ehanol )& & » ¥t B 75 1% e 5 B iR B 0.5ml E A 1.5ml 8. % oA 50p]
sodium acetate (2M> pH4.0)> 100ul chloroform & phenol (pH4.0) 0.5ml
REMABENKEBE— 54 ATRRAAFHHEH 0L &
MALFERES 10 548 REAKLHE S 454814 3. (10000xg
2548) RRGE ) ERRRNA RKE)B MYk F » Lo ANER
#% &4 chloroform-phenol ;&6-% % 46-34 4 » B 3.2 > (10000xg > 2 44%)
R LB MGECE BiANEEMY chloroform-phenol RARRE
B ERALTBRANIRTARAGEZG T URE > AR A2
My B ANEBRMABA Y isopropanol - (R4 G % R-20°Ck
BARILAT REAEAT LA (10000xg > 4°C » 30 48) -
L+ & isopropanol Btk e A 75% ethanol wash 2.4 » 4§ 75%

ethanol 8|42 i % 2 » fwAi@ &y DEPC-H,O A RNA » R EH B
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JA(ODaco) e H RNA B o
6. Reverse transcruptase-polymerase chain reaction (RT-PCR)

[ 6-1] Reverse transcriptase reaction
AR 4ug 44 RNA fuA 33ul 49 DEPC-H,O > 3L 70°C &£ ¥ 5 7048 - Kig
Ao 10ul 5xRT buffer A& 4pl (2.5mM) dNTP ~ 2.5ul (10 pmole/ul)
Oligo dT ~ RTase (200w/pl)# » #BEERMRE 2 CTRE 1 8
H L 99CHE R 10 54844 o4 4CHRAF -

[6-2] 3] F4 =%
AEBAFZITEHAETLITH (MEW)

[6-3] REBEHERR
B S5ul ¢cDNA #eA 9.85ul DEPC-H20 5 AuA 2.5ul forward primer #i
2.5l reverse primer > Ao A 2.5ul ANTP (10mM) 24 & 2.5u] 10xPCR
buffer v 0.25u] DNA polymerase » /5 BB RN BEANE | BIER
BRIZ 94°C1 445 > annealing B E R IE 1 948> T2CRE 2 p45 3%
Bk U T2CRIE 20 548514 2 4°CA%7G -

[6-4] DNA &%

iR 5ul PCR A4t pon 6xloading dye 2ul ;4w £ it DNA marker
251 —TEANTEHBAA 0 L 100V TREFE AR 30 440 &9
ethidium bromide % &% » & UV A TREMEH AR EMAS 4R
48 #f J& & DNA marker & B Fr &3 o

7. Cell-matrix adhesion 4~#7(70)
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& & 24 type IV collagen coating 24well 3 &K m overhight » SEIAEF 2
% FBS #) PBS blocking 2 /Js8¥ » H 4% & 328 silibinin 45 A549 %= B LA
trypsin 37°F » subcluture £ 24well &3 %m ¥ > 30 54874 2L PBS i¥
ek BE ey mpe - B4 0.1% crystal violet $ & - & mpaER 0.2%
Triton X-100 + # ODssonM F 8| & & I 4@ fieL b L As] ©

8. %a 4% &)L 4 (motility)

#| A 48 well Boyden chamber #9447 4 /% > lower chamber & 4% 10
% FCS 45 DMEM #% 4= i % 32 silibinin 24hr 4% - subculture 3 A trypan
blue st Eimpdt » AL EANB X Emi (10-1.5x10%) » upper
chamber » F4a e #5 8y 4.5 /NEFLLIE > HX"F B LT EEE Eéafe 10
48 0 RIS 4EZ IR 0 WA Giemsa (1:20) & 1/ H > REBX
1E B R AR 2 LR tm i A2 400xBARKSRR T 48 well Kk
EER 3 AEAREF 0 2518 well ) B Etmp Bz 13t -

9. tm B4 At 4 #7 (invasion)

#]H 48 well Boyden chambe &)4-#7 % » 4% cellulose nitrate filters
coating b 100pg/cm? type IV collagen » f& laminar flow J& #, over
night * lower chamber %-47% 10% FCS # DMEM - ﬂ%ﬁmﬂ@,)ﬁﬂ silibinin
#% » subculture 3t #]F trypan blue 3t E a2 » R INE X T
# (10°-1.5%10%) # upper chamber # s ) 5 85 7% > BT 5 -
AP ERE K fafir 10 048 » B 5 454821 > S Giemsa (1:20) %

&l BB TSR RS F B b 0 £ 40078544
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A % F 548 well FEA%RER 3 AR > #0548 well Y # Bt B2

#t
10. u-PA A t-PA 7& L 3] 3, casein zymography (73)

% %8 4% 8 % SDS-PAGE 3k /i » 3t B4 5 T & B Ao A 2% casein
B 20 pg/ml # plasminogen » BN E ik ¥ > BN EREEHR - R
16l sample (& & 4§ 20ug)’ Aw A 4pl loading buffer: ¥ sample loading
BEAR b KL 140V BATE k8 - AY3RZR O BBHT
#a A 50 ml &) washing buffer (2.5% Triton X-100 ind H,O0) » 2 Ei=
Z 30 4-4% » 2R - 842 washing buffer 2 4% » fv A 50 ml &) reaction
buffer (40 mM Tris-HC1 pH 8.0 » 10mM CaCl, 0.01% NaN;) » % 37C
BT RAE 12 865 o 3§ RAE R4 4 gel » oA staining buffer 3 &
30 min > 2% HULBERBRBEAELER, 2L densitometer

(Alphalmage 2000 » Alphalmage comp.) E4L& K -
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M- EBREXR

— ~ Silibinin ¥ %] AS49 K% L Z e BB SN

4% AS549 % b subculture 3% 18 /8544 » 47 & 32 OpM ~ 30pM -
S0uM ~ 70uM -~ 100uM & silibinin 24 /)\#§4% » #1 A Boyden chamber
coating typelV collagen » K54 R % 5. » 8132 DMSO &y Hl @i
bz o EEIE 30~ 50 ~ 70 ~ 100uM # silibinin ## AS49 fm B & TN
(e A B BEEany 107.1% ~90.2% -~ 63.0% - 41.5% (Fig. 1A) - #
% HMAA 30uM 4&5%.5{54) silibinin » %% & ¥ 0 ~ 12 ~ 24 ~ 48 /)s
B BEANSHER > &RER - 5 EKRE DMSO syirsl e
bk 0 H A mey 95.4% ~90.7% -~ 60.3% (Fig. 1B) o 37 silibinin
$ASA9 B L R mBe A EANRE N B E B E NI F AR > B/ A dose
2, time course (*P <0.01, **P <0.001) -
= ~ Silibinin € ¥ %] AS49 Fi& L & s fs MMP-2 % 3,

#& serum starvation #)4&4 T AS49 iR ERERE &
silibinin * 43 %] % 0~30~ 50 ~ 70 ~ 100uM - 4& 24 - NBR4E > ERIB A
& » A gelatin zymography %% MMP-2 » -9 #h &3, » £ MTT #4%
kR E B AR E M B (Fig. 6) 4E A MMP-2> -9 R 44 -
BHRRERRINER > RETE DMSO #12H @t » 1 MMP-2
SR A B A 86.1% ~44.1% ~24.7% ~12.5% (Fig. 2) {& time course
REE o 48 AS49 LB & IE 30uM silibinin 12 - 24 ~ 48 J[NBF 5 34 b 37

# &4 serum free DMEM 3% 4% 12 /6% 4% 0 e ERIE &R » £18 2 DMSO
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B IE Rl AL MMP-2 AR B 551 B ¥ e 86.8% ~84.7% -
49.27% (Fig. 3) o # £ % silibinin ¥ A549 Mk L & = fa &) MMP-2
EEBEEAIPHIAR -

=~ Silibinin €37 %] A549 B b & i u-PA £ 3R,

4 serum starvation #94&4 FiF AS49 e RIEARREH
silibinin (0 ~ 30 ~ 50 ~ 70 ~ 100pM) $2 DMSO - #& 24 /[ 8544 » LIRS
%k > BA casein zymography 2#7 u-PA #9 &3 > G EMERER &
%32 DMSO #hiz sl safetb s - & u-PA 5% A 8B am e 90.0% - 87.3
% ~75.0% ~32.0% (Fig. 4) ° &R F silibinin # AS49 & £ & %=
Bo u-PA &)y B ZBENHIHR -
vg -~ Silibinin ¥ TIMP-2 2 G AR EH L E

# A549 4m B 4 %) B 32 OpM > 30uM > 50uM ~ 70uM ~ 100puM 44
silibinin 24 /JNB4% > Y cell lysates * FI A B F B2k FRERS
3, > k5 3 silibinin i & # v > TIMP-2 & & & 3, & &% #5338 (Fig. 5)
% ~ Silibinin ¥4 ASO B LE B EN

4§ AS49 4w g subculture 32%& 18 /N8%4% 0 49 &RFE 03050
70~100uM & silibinin 24 )\ 8%4% » #] A Boyden chamber motility assay
FHRERHR > 2R E DMSO 2l asti > £RIE30-50-70-
100pM #4 silibinin 7 AS49 e B e o5 A Bay) 81.9
% ~68.4% -~55.9% -~ 18.4% (Fig.6A) - stob » HAI#I A 30uM 1BEE

& silibinin > 3R 2 12~ 24 ~ 48 /N 0F » VRS EHIE 4T T8 0 B3 -
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#15% 32 DMSO sgdEslea b 52 A% B ma 93.7% ~80.9% ~68.8
% (Fig. 6B) °

2 ~ Silibinin 4 %% AS49 B L & a4 BE M EE S

#]H Cell-matrix adhesion assay £&4F3#} silibinin 2 F B & ¥4
AS549 FHE b & ta b S tm B P AR E 2 B M 3 B9 A

- BHERER
24 [ \E54% > 1% 52 DMSO 4% 31 s fLb i %1 A 96.9% ~95.5% -
79.8% (Fig. 7) °

_t ~

30,0 % AS49 MiJE b Rk tm Ao TR FL R 3E 0630~50~70~100pM & silibinin

Silibinin #} AS49 B E L f m R ER G L E

% 4w JiL 45 F R ) #| & &9 silibinin > 4~%] % 0~30~50~70~ 100uM >
RIE 24 )NB51E 0 BBEMBL 0 4 MTT assay »

Ha R att
(Fig 8) »

H 4+
B GEENSMNBE 104.8% ~98.1% ~923% ~93.2%  BEE THAZA
W EE T HE MMP-2 23885 REFEGN @I T R R ERAR

A ~ Silibinin # MRCS E$ B mBF T2 L8

# MRCS5 @ 0~ 30 ~ 50 ~ 70 ~ 100uM silibinin » & 22 24 /)5

» D

iEi% o NS AR /F MTT assay a8 575 £ -0 B dlasy 97.75
% ~10533% ~106.54% ~102.66% > #HFALEEZ

Yo Eeh et e EFig9)-

b B B T silibinin # £
Ju ~ Silibinin § % F AS49 M L & tafathta e A 8

3§ AS49 %a g subculture 324 18 /EF44 > 455 R OuM ~30uM-~
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S0uM ~ 70uM ~ 100uM #4 silibinin 24 /N85 i% » AL BASLAE T I R tm o A
B BRER KRB EYBESE N Helh R T/ sk
it B2 4m fe 8L 4 B BE B 84 58 ) FE R (Fig 10) »
+ -~ Silibinin 4 #p %] MMP-2 ~ u-PA - t-PA ~ uPAR mRNA # % 5,

% AS549 tm i R 32 R ) B & silibinin (0~30~50~70 ~ 100uM) 24
NEE 2 4% 0 EEE total RNA - #] R ¥ % & RT-PCR 9 9# F ik -
T AR ERRE 0 % L GADPH %ﬁiﬂ’?%—ﬁ internal control >
A549 & i 2 R Bl & silibinin &) /& 32 F » MMP-2+t-PA u-PA f2 u-PAR
mRNA # %3R5 M E R E B hwmiER (Fig 11,12, 13) mHEn
TIMP-2 o PAImRNA ¢ 2 B EH A H EE (Fig. 11, 13)° B st &1
#R MMP-2 - uPARGEBREHRD > LHELEA MRNA BB R -
+ — - Silibinin 7T 7 4] ERK1/2 - P38 s PKB/Akt & 5 & 1t

% T & 453 silibinin ¥4 AS49 i £ & a8 MMP-2 £ 38, > 4=
REBHREANRANRREZGRAZEGRME  FIB & 8%
EA 0~30~50~70~ 100uM silibinin & 32 #m jf, 24 /] 85 > dit £ cell lysates -
it B#|MA anti-Pi-ERK1/2 2 anti-ERK1/2 > anti-Pi-P38 #1 anti-P38 #v
anti-Pi-Akt #1 anti-Akt 37 8% 47 Western immunoblotting - & 5 & R 3%
3 ERK1/2 P38 #it Akt L F B KR > R €% silibinin 9B % ;
12 ERK1/2 ~ P38 #1 Akt &) phosphorylation » 47 € [ 2 silibinin ;& & 36
mﬁﬁ%ﬁﬁﬁgMJimy

+ = -~ Silibinin # PBK X @ 4R WL E
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48 AS549 fmphy A I 0uM - 30p.M ~ 50pM ~ 70pM ~ 100pM 69
silibinin 24 /N B544 0 W cell lysates » #1F @ 2267k T %
3 PI3K & & 89 29,8 & & B 4 silibinin &9 2] % f % A7 248 (Fig. 17)-
+ = - Silibinin T 247 %] NF-xB HEkaRRE

H A ® P BIE 0 HF AS49 B F R E AR FRE silibinin (0 -
30 ~ 50 ~ 70 ~ 100pM) 24 NEFEE o W& cell lysates » ¥ 47 Western
immunoblotting » 4 £ - NF-kB & 6 ARE - #HF silibinin
R E R @R (Fig 18) ¢
+um ~ PI3K ~ ERK1/2 & P38 th §—Haigtir 4% MMP-2 -
uPA- mRBSHEREBRAKOEE

#| B PI3K 4 — bty ah & 1t ] &) 1 LY294002 (1-20uM) s ERK1/2
B e AL B B | UO126 (1-20 pM) 5 P38 F — b e s Bk 14 #
#] 1 SB203580 (1-25uM) - 2 342 R H Bm fsb T & 15 LT #p#] PK

ARG ASA9 B tm A MMP-2 AR ERD - mAE N EAk
H BABAGE A FBAR 0 {287 u-PA 5 BIR A B E - MAe MAPK %
& & 5 45 A U0126 » ¥#p4] ERK1/2 15 #53842 @ €3 $lpe 5 i u-PA
MMP-2 RiaftiiBAte ) » efinmp B HHAAEBE fE
JaA SB203580 » FAET T P38 i 4k#542 A 04l ta e MMP-2 &) &R
B mBp S E N BABANGE A 28 u-PA s A 2 (Fig. ,

19,20, 21,22)
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* %

AR BBRE Y FEE Bt S AT RERE H P
e Tt A EZHEARN\EE  aiefiaft bt 21F
MAGHE  Rimfadt KRB - SRERmpe Bk
o RBRARRIKRELAL FRH T RAKCETINENSAERT
(61-63) AL Bia o K E 4 » R EBEREFABBTHHE T MR
EFREBE 5 RERBERAGACHERZRA -

HREALASGERBENGORE  THERKCLR LR R HEIER
FEAE AR BT SRR B IEH(62) > FRABPERESE 2 i
FHI IR A R IEHIE 0 RBEBLRE B AR ARBKRIALRE -

£ RS silibinin HERAN - L BELLEY
) BARALBEALBEDS X% - A XBKRE G
silibinin fE¥pHl E H R tafoth £ RABAG-7) - 2T % § & 0 fo
AE AHET(11-12) b KR ETipH —LEBREF IR
BB abRAFHIEN(S) M AS49 ta i B — H B BAL M b & be
B BABRZEHBBES » BLEITE KL silibinin #) % A549
MR bR fmpathk o W AR m AR RN ~ BB ENAE 1 R — 2k 48 B
Bk akBEEk > PMEMA T RO THE -

KRG FLAFSELERZCHRRZEHRERSRA AR
o b JEFHARAR o TR T RAVEA] A B 49 B 49 L (MRCS) % 5
7 silibinin $HIE ¥ %0 0 4 4 5 1L 0 & R B silibinin $E % 64 MR
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#4741 A modified Boyden chamber invasion assay » 3 silibinin
e A IR R BB BEASE S 0 BE T o silibinin 8958 B A HpHl B
MmN HB R4 B e RHTEA—RBRAXAE -

EBRBRUO BB T Relfdka A KRETRBialE
SRY SR TN R RERREASEGML - &
BEHXRPHE  RELBEAARMEFTZREPH MMP-2 &
MMP-9 € KEMEARAESH S BMEE F(15) > Bt MMP-2 £
MMP-9 &% R 5 mfip ) B EANBE & A8 HE(16,64) - &3
serum ¥4 K K EH MMP-2: -9 ERHAM TR FHR > £40%F 10
% FBS #) medium 3% 4% T - silibinin g B A M EIRB miney gL A
B IpHIAER (2,5 B T H MMP-2& -9 # & .69 $ 4t & B 4 silibinin
Wk AS49 MR b g fmpb ey AT SR A - RATRTHRR
serum starvation & # =, L4 silibinin & 3¥ A549 % b & 4 BB > 3 A MTT
assay A m B8 L B T & » 2A42 % gelatin zymography assay &
FEME o é%%ﬁﬂl’ FE T dwpRIE 50uM silibinin > F£7T B B4 H)
MMP-2 #4 % i& + it B # dose-dependent &332 % » ™ MMP-9 4t sbém
By REBRMESGS R > RHAR - sbsh - AIA weatemn
immunoblotting » TIMP-2 %& & % 3. & € & # silibinin /R B &3¢ Ao M 3¢
fu e @4t RT-PCR %@ » £ 38 T silibinin ik AS49 Mk b & 4m

B MMP-2 848 - 75 Bp silibinin =T £A 3 & ¥4 MMP-2 a5 884548 - R
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Wy MMP-2 k& BT H WA A mMRNA BB R -2
MMPs inhibitor: TIMP-1 #o TIMP-2 &3 RT-PCR &9 4 %> $2 F s
#p o H TIMP-2 & = & post-transcription level -

ME B OR e T EARY - R GRS - Rho
GTPases %k ¥ %44 &y $A#F actin filaments #2 focal adhesion complex
A8 B8 B & RAZAE tm AP ) R AR LAME A2 B 0 M 4w Bl 38 A& 5E 4 (spreading)
BEEN LA T TS M(65)  mfo Bt » T EHLART
BB ndRE Y TEREHNEIRZT  ERAETRTY
#A#] A Boyden chamber assay # 2 & motility 4 /1 - B R BT T >
& 4 B0 R 3B 50pM silibinin - £ T 84 B4k dp H 0 % silibinin #938 B B
100uM 8% » AS49 4a fion 69 45 B 5E 7 7T Ak 4p ) 3% 80% -

Ao BBNBRET BENEELAROBMABEANT EBR
HMOEEE T Bt @B % 08MEN CREER mBaRA
(65) » #& 5 cell-matrix adhesion assay * % 3,38 & & #¥ silibinin #) A549
Wb RE LR dm Bl o L BEMAE S Ak ] > AR B 47138 A silibinin T 48 B
H¥phl AS49 B B Rt e E ke S -

% m Mo A IE silibinin 24 /g 0 BB TR L tatod 6 - 5
REZFREAE o Heafp W B BB 2 SV ERGER  BAS
SR Atmfp a2 M4 MM N AR5 e R R EHRM
AR AR BRMAKE o B sbdk R silibinin T L S B Sk F
ReBEF > EMPE L mpti B oS RAMES -
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WPA B LPA AR K 48 % G ARBEE £ 83 Bk P
B RSB lS A M (66) u-PA R 5 ikilst % > {2 u-PA LR
He i fitafnft ES uPAR MBS B AR BT GKAEN &R
WA mB N R E ey AR B SR A SR M B IR NI AS s 48
M (56-57) - F XBKiE B £ AB 8B = lo(MDA-MB-231) ¢ >
phosphatidylinositol3-kinase (PI3-kinase)®] # fu nuclear factor kappa B
(NF-kB) &y #8555 MR 1R :E u-PA 94 EmPE BB Hit
(72) - 1 u-PA ~ t-PA & &7 M X% 2] W A M dp 4 8] PAL Ardpd] - # A
casein zymography * & 4a 32 5% ¥ S0uM silibinin > % T 8A 884 %] u-PA
# % 3% > 3t B # dose-dependent 8338, % - £ RT-PCR 7 @ » & tm ik
#2 silibinin 24 /#4574 > # u-PA - t-PA & u-PAR #) RNA level % % #p
#1893 R o {2 # 7 PAI &) RNA level 4724 %% o 38 silibinin 7T 12
FhIrd u-PA SR RBED vPARZEE -

Akt AiFtafa B e H BT ALFERLIRFE - H—2
BK P35 8 0 Akt € %7546 MMP-2 (25) #1 MMP-9 (26) » B Akt €42
BREmBEBEANAESD > ETRAFE/LY Akt 5% NFxB #
transcriptional activity (26) » # 4 — i %, & %/ 4a . ¥ » NF-kB T 6 &
&1t MT1-MMP &) % 3R, ® % iE4b pro-MMP-2 (19) » 3 Ao 4m BB43 A
8355 /1 - & wetern immunoblotting > #4948 38, » 2L silibinin );ili A549
W] 24 N EFAR 0 H Akt B BIL ARG EpH 0 R B 2R
dose-dependent #9338, % - H NF-xB 45 B 2B SLE S @B L B
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4m B 22 79 &5 Phosphoinositide 3-Kinases (PI3Ks) =T # & % 821t
inositol phospholipid # # 4 PtdIns(3)P - PtdIns(3,4) P(2) -
Ptdins(3,45)P(3) S =4 % » mE L E TH B A pleckstrin
homology (PH) domain #)& @ a4 e — L AT LT EHE
MR THMEBEHGRE miEeid PH domain
phosphoinositides 18 &4 89K a X T U A=# ' 25 & Rho
family GTPases @ TEC family tyrosine kinases > $A & AGC superfamily
+ ¢ serine/threonine protein kinases » & %m fa 3% Sh R o4 Pl 3 > 12
€% PBKs ABETHEGIMNLMGE > Hitte B0 AT E
minti Ak FE URWBEAMEN - BEHMLF - &4 Lik > PI3Ks
HPAmpeeEE HhEZEFTEEHAE A RoRAREX
G—#H CLEAZRENEL B FEF WY AEL
Bt BT B Y EHMETEFAEE MED - BoKS
K BRAAARABMRTCHESLENERFES - £KE PBK
BFA AR ERREA S {2 silibinin TAERA P E RSB ILEMIE
BARRE - 2K TH# Akt ¢9BhER4L - SpH RERRIHIG A -

HXBhI5 B 0 £ AT FIBRE e B F » extracellular-signal-regulated
kinase ( ERK1/2 ) &5/t &4 fiafo ) Z AN BB B4 H(67) > Mt
HT1080 #= s+ » ERK1/2 #7316 € % & MMP-2 & MMP-9 #) mRNA

level (68)° st s+ & E A% fmh THP1 F >mitogen-activated protein kinase
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( MAPK ) : ERK1/2 ~ P38 ~ cjuﬁ-NH2 terminal kinase ( JINKs )& 4% 82 1t
G4 BB EAER (69 £EARAE TR YT © & weatern
immunoblotting > H A% 3R, » & 4a foF] A & 32 silibinin K IE 24 /> B¥44 o
# ERKIZ2 @t P38 wysiskib xRS a2 pH > £ 8 2R
dose-dependent 853, % -

AR i FBRIE - SRR R MMP-2 ~ u-PA #
2B ERWMBHBAMABEGME - &R E PBK F— M ahdpHl#]
(LY294002) » &1 AS49 Wi tmfs MMP-2 R R BV ~ mpath 5%
B BRAZAEE N GE  EHA u-PA RS RAABE - M4 MAPK
A% F 0 EmBa R 32 U0126 - #p4] ERK1/2 2453848 - Rl @) =i
u-PA » MMP-2 #5- i RsmftiZ NG » 2R R B ta et B
P d g TAET T P38 i 4% 8542(SB203580) » B & ¥ 4] 4m i MMP-2 #)
RE - mBABEEE N RIEARD - 12H u-PA S5 b RIRA K
% o [ g3 A - silibinin 7T 48 & 1% 1& PI3K ~ ERK1/2 ~ P38 i3 = {5 %4

RYE s MMP-2 49 % 38 ERK1/2 i 458548 45 %] u-PA #)
AR E N aFEAN 0 TiAHE S PI3K -~ ERK1/2~P38 &
ZiEBAEp R miBdE AN S ot THE D PIBK -~ P38 i Sk

4% AR5 4 B BB B B o
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Fig. 1. Dose- and time-response of silibinin on invasion of AS49 cells.
Cells were treated with 0, 30, 50, 70, 100 pM silibinin for 24 hr (A) or 30
uM silibinin for 0,12, 24, 48 hr (B). Cell invasion ability were determined
by modified Boyden Chambers. Filers (pore size, 8um) were precoated
with type IV collagen over night. Invasion ability of A549 were
quantified by counting the number of cells that invaded to the underside

of the membrane under microscopy (200x magnification). **, P < 0.01 ;
*** P <0.001
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Fig. 2. Effect of silibinin on secreted MMP-2. (A) A549 cells were
treated with 0, 30, 50, 70, 100 uM of silibinin for 24 hr. The conditioned
media were collected and MMP-2 activity were determined by gelatin
zymography.(B) MMP-2 activity were quantified by densitomertic
analysis.The densitomertic data shown are mean + SD of triplicate
experiments. ** P <0.01 ; *** P < (.001
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Fig. 3. Effect of silibinin on secreted MMP-2 . (A) A549 cells were
treated with either 30 pM of silibinin for 0, 12, 24, 48 hr. The conditioned
media were collected and MMP-2 activity were determined by gelatin
zymography.(B) MMP-2 activity were quantified by densitomertic
analysis.The densitomertic data shown are mean = SD of triplicate
experiments. **, P <0.01
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Fig. 4. Effect of silibinin on secreted u-PA. (A) A549 cells were
treated with either 0, 30, 50, 70, 100 pM of silibinin for 24 hr. The
conditioned media were collected and u-PA activity were determined
by casein zymography.(B) MMP-2 activity were quantified by
densitomertic analysis.The densitomertic data shown are mean = SD
of triplicate experiments. *, P < 0.05 ; ** P <0.01
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Fig. 5. Effect of silibinin on A549 TIMP-2 expression. Cells were
treated with either 0, 30, 50, 70, 100 pM of silibinin for 24 hr. Cell
lysates were prepared and subjected to SDS-PAGE fallowed by
western blotting. The membranes were probed with anti-TIMP-2
antibody and then peroxidase-conjugate appropriate secondary
antibody. Proteins were visualized with ECL detection system.(A)
TIMP-2(upper panel), o-tubulin (bottom panel) as an internal
control. Treatment were as labeled in the figure. Densitometric analysis

for TIMP-2 and o.-tubulin (B) The densitometric data shown are mean
+ SD of triplicate experiments.
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Fig. 6. Dose- and time-response of silibinin on motility of A549 cells.
Cells were treated with 30, 50, 70, 100 uM silibinin or DMSO for 24 hr
(A) or 30 pM silibinin for 12, 24, 48 hr (B). Cells motility were
determined by Boyden Chambers. Filers (pore size, 8 pm) were precoated -
with type IV collagen over night. Invasion ability of A549 were
quantified by counting the number of cells that invaded to the underside

of the membrane under microscopy (200x magnification). *, P <0.05 ; **
P <0.01;*** P <0.001

53



Adhesion assay

100 -

80

60 -

40 -

Cell adhesion ( % of control )

20 1

0 Ll T T T T
0 30 50 70 100

Silibinin conc. ( pM )

Fig. 7. Effect of silibinin on cell- matrix adhesion. A549 cells were
treated with either 0, 30, 50, 70, 100 uM of silibinin for 24 hr. Adherent
cell number were determined by cell- matrix adhesion assay. Each data
point represents mean + SD of triplicate experiments. *, P <0.05
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Fig. 8. Effect of silibinin treatment on A549 cells viability. A549 cells
were treated with either 0, 30, 50, 70, 100 uM of silibinin for 24 hr. Cells
viability were determined by MTT assay. Each data point represents
mean + SD of triplicate experiments.
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Fig. 9. Effect of silibinin treatment on MRCS5 cells viability. MRC5
cells were treated with 0, 30, 50, 70, 100 uM of silibinin for 24 hr. Cells
viability were determined by MTT assay. Each data point represents
mean = SD of triplicate experiments.
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(A) Solvent

vehicle (B) Silibinin 50uM

Fig. 10. Effect of silibinin treatment on AS549 growth. (A-D)
Representative phase-contrast photomicrographs (100x magnification)of
A549 at 24 hr after treatment was initiated with (A)DMSO, (B)50, (C)70,
(D)100uM of silibinin.
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Fig. 11. Semiquantitative RT-PCR of MMP-2, TIMP-1, TIMP-2
and GADPH. (A) A549 cells were treated with various concentration
of silibinin for 24 hr. Latter, quantitative RT-PCR analysis was carried
out. 5SuM total RNA-derived ¢cDNA were used for PCR reaction.
GADPH of amount was shown at the bottom panel as an internal
control. (B) The MMP-2, TIMP-1 and TIMP-2 cDNA level was
quantified by densitometric analysis (IS-100 Digital system). The

results are expressed as mean + SD of three independent experiments.
*,P<0.05;** P<0.01,;*** P<0.001
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Fig. 12. Semiquantitative RT-PCR of u-PA, u-PAR and GADPH. (A)
A549 cells were treated with various concentration of silibinin for 24 hr.
Latter, quantitative RT-PCR analysis was carried out. 5uM total
RNA-derived cDNA were used for PCR reaction. GADPH of amount
was shown at the bottom panel as an internal control. (B) The u-PA and
uPAR cDNA level was quantified by densitometric analysis (IS-100

Digital system). The densitometric data shown are mean * SD of
triplicate experiments. *, P <0.05 ; **, P <0.01
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Fig. 13. Semiquantitative RT-PCR of t-PA, PAI and GADPH. (A)
A549 cells were treated with various concentration of silibinin for 24
hr. Latter, quantitative RT-PCR analysis was carried out. 5uM total
RNA-derived cDNA were used for PCR reaction. GADPH of amount
was shown at the bottom panel as an internal control. (B) The t-PA
and PAI cDNA level was quantified by densitometric analysis (IS-100

Digital system). The densitometric data shown are mean + SD of
triplicate experiments. ** P < 0.01
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Fig. 14. Silibinin inhibits constitutive activation of MAPK/ERK1/2 in
A549 cells. Cells were treated with either DMSO or 30, 50, 70, 100 pM
of silibinin for 24 hr. Cell lysates were prepared and subjected to
SDS-PAGE fallowed by western blotting. (A) Phosphorylation of
ERK1/2 (upper panel), total levels of ERK1/2 (bottom panel).Treatment
were as labeled in the figure. Densitometric analysis for phospho-ERK1
and phospho-ERK?2 (B) blots was corrected for loading with the density
of ERK1/2 blots.The results are expressed as mean + SD of three
independent experiments. *, P <0.05 ; **, P <0.01 ; *** P <0.001
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Fig. 15. Silibinin inhibits constitutive activation of Akt in A549 cells.
Cells were treated with either 0, 30, 50, 70, 100 uM of silibinin for 24 hr.
SDS-PAGE and western blotting were the same as in Fig. 11. (A)
Phosphorylation of Akt (upper panel), total levels of Akt (bottom panel).
and (B) densitomertc analysis for phospho-Akt. For dnsitomeric analysis,
blots were corrected for loading with the density of Akt blots. The results

are expressed as mean + SD of three independent experiments. **, P <
0.01
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Fig. 16. Silibinin inhibits constitutive activation of P38 in A549 cells.
Cells were treated with either 0, 30, 50, 70, 100 uM of silibinin for 24 hr.
Cell lysates were prepared and subjected to SDS-PAGE fallowed by
western blotting. (A) Phosphorylation of P38 (upper panel), total levels of
P38 (bottom panel). and (B) densitomertc analysis for phospho-P38. For
dnsitomeric analysis, blots were corrected for loading with the density of

P38 blots. The densitometric data shown are mean + SD of triplicate
experiments. *, P <0.05
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Fig. 17. Effect of silibinin on A549 PI3K expression. Cells were treated
with either 0, 30, 50, 70, 100 uM of silibinin for 24 hr. Cell lysates were
prepared and subjected to SDS-PAGE fallowed by western blotting. The
membranes were probed with anti-PI3K antibody and then
- peroxidase-conjugate appropriate secondary antibody. Proteins were
visualized with ECL detection system.(A) PI3K(upper panel), a-tubulin
(bottom panel) as an internal control. Treatment were as labeled in the
figure. Densitometric analysis for PI3K and «-tubulin (B) The
densitometric data shown are mean =+ SD of triplicate experiments.
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Fig. 18. Silibinin inhibits constitutive activation of NF-xB in A549
cells. Cells were treated with either 0, 30, 50, 70, 100 uM of silibinin for
24 hr. Cell lysates were prepared and subjected to SDS-PAGE fallowed
. by western blotting. (A) NF-xB (upper panel), a-tubulin (bottom
panel). Treatment were as labeled in the figure. Densitometric analysis for
NF-xB and a-tubulin (B) blots was corrected for loading with the density

of NF-xB blots. The results are expressed as mean + SD of three
independent experiments. *, P < 0.05 ; ** P <0.01 ; *** P < 0.001
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Fig. 19. Effect of signaling inhibitors on A549 invasion . A549 were
treated with various concs signaling inhibitors : LY294002 ~ U0126 and
SB203580 for 1 hr and Cell invasion ability were determined by modified
Boyden Chambers. Filers (pore size, 8um) were precoated with type IV
collagen over night. Invasion ability of A549 were quantified by counting
the number of cells that invaded to the underside of the membrane under
microscopy (200x magnification). *,P < 0.05 ; ** P < 0.0] ; *** P <
0.001
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Fig. 20. Effect of signaling inhibitors on A549 motility. A549 were
treated with various concs signaling inhibitors : LY294002 -~ U0126 and
SB203580 for 1 hr and cell motility were determined by Boyden
Chambers. Motility ability of A549 were quantified by counting the
number of cells that migrated to the underside of the membrane under
microscopy (200x magnification). **, P <0.01 ; *** P <0.001.
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Fig. 21. Effect of signaling inhibitors on MMP-2 expression. A549
were treated with various concs signaling inhibitors : £Y294002 -~ U0126
and SB203580 and conditioned medium were collected after 24 hr and
MMP-2 activity were determined by gelatin zymography.(B) MMP-2
activity were quantified by densitomertic analysis.The densitomertic data

shown are mean + SD of triplicate experiments. *,P < 0.05 ; ** P <0.01 ;
*¥** P <0.001. ‘
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Fig. 22. Effect of signaling inhibitors on A549 u-PA expression. A549
were treated with various concs signaling inhibitors : 1Y294002 -~ U0126
and SB203580 and conditioned medium were collected after 24 hr and
u-PA activity were determined by casein zymography.(B) u-PA activity
were quantified by densitomertic analysis.The densitomertic data shown
are mean + SD of triplicate experiments. **P < 0.01 ; *** P < (.001.
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Position | Temp
Enzyme Sequence 5’3’ )
“ ®p) | (C)
1337-1356
. 53-GGCCCTGTCACTCCTGAGAT-3 62°
MMP-2 20262007 | 82C
5'-GGCATCCAGGTTATCGGGGA-3’
TIMP-2 |- TTTATCTACACGGCCCCCTCCTCAG-3 | 480-504 1 (50
5'-ACGGGTCCTCGATGTCAAGAAACTC-3 | 739717
" pa_|P-TTGCGGCCATCTACAGGAG-Y 654672 | (o
5-ACTGGGGATCGTTATACATC-3’ 1005-986
" pa_|3-AGGCTCATGTCAGACTGTACC-3 1470-1490 | (o
§-CCTGAAATCAGACCAAGTCC-3 1969-1950
§"-GGATCCAGCCACTGGAAAGGCAACAT | 1470-1490
G-3’ o
PAI-1 55C
5-GGATTCGTGCCGGACCACAAAGAGGA | 1236-1216
AP
5-CGGAGTCAACGGATTTGGTCGTAT-3’ 94-126 .
GADPH 65°C
5-AGCCTTCTCCATGGTTGGTGAAGAC-3’ | 399-375

Pt B v . Primer
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